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 Prologue  

 The Works  

This is the 6th book of Spokes of the Wheel, about what 

humans have accomplished. This book follows on the mate-

rial presented in Spokes 5: The Echoes of the Mind. 

Spokes explores existence: the wild cosmos, the untamed 

mind, and the social artifice which humanity has created.  

The material presented in Spokes is cumulative. For full-

est comprehension, read Spokes in order. 

Clarity: The Path Inside 

Spokes Θ: Unraveling Reality 

Spokes 1: The Science of Existence 

Spokes 2: The Web of Life 

Spokes 3: The Elements of Evolution 

Spokes 4: The Ecology of Humans 

Spokes 5: The Echoes of the Mind 

Spokes 6: The Fruits of Civilization 

Spokes 7: The Pathos of Politics 

Spokes 8: The Hub of Being 

Clarity explains reality and how to become enlightened. 

Unraveling Reality is an introduction to Spokes of the Wheel, 

touching upon Spokes' major themes. The Science of Exist-

ence roams the cosmos and introduces the natural world. The 

Web of Life chronicles the wondrous variety of life. The Ele-

ments of Evolution tells life's history and explains how organ-

isms adapt. The Ecology of Humans explores the biological 

interfaces of the human body. The Echoes of the Mind pivots 

on people: how they feel, think, and behave. The Fruits of 

Civilization covers the consequences of human endeavors. 

The Pathos of Politics probes how polity has affected human-

ity. The Spokes series culminates in The Hub of Being, which 

is an exposition toward realization. 
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Each chapter has a synopsis. The book ends with a con-

clusion. In between are a lot of approximate numbers. Meas-

urement is tricky, especially for economic statistics. Go with 

the gist. 

A glossary is provided, followed by a biographical section.  

For more information about Spokes of the Wheel, visit: 

www.ishinobu.com. Research references for Spokes 6 are at:  

www.ishinobu.com/spokes-6-notes/ 

 Headings  

Spokes is heavily portioned, with symbolic conventions to 

delineate the hierarchy of material. 

 delineates untitled segments or return to a subject 

after wandering off.  

 demarcates subjects within a topical section. 

 



 

 Foreword  
Man is a part of, not apart from, Nature. ~ Scottish ecologist 

Fraser Darling 

The wondrous fecundity of life is encapsulated in the term 

biodiversity. Absent humans, Nature balances biotic popula-

tions, maintaining a rough equilibrium.  

Even after many millennia of observation, we still under-

stand little of Nature's intricacies. What we do know is that 

lessening biodiversity is a profound disruption to the ecosys-

tem in which it occurs. 

Biodiversity can be crucial for ecosystem stability despite ap-
pearing functionally insignificant beforehand. ~ Canadian bi-
ologist A.S. MacDougall et al 

Biodiversity is sometimes quantified purely by the number of 
species. Simple species counting is too simplistic. ~ American 
entomologist Heather Grab et al 

Ecosystems are never isolated. Instead, Nature is an in-

tegrated whole. However distinctive in its varied appear-

ances, Earth is indivisible in its energetic gyre. 

Life does more than adapt to the Earth. It changes the Earth to 
its own purposes. ~ English naturalist James Lovelock  

 

The human animal is a leaf in the tree of primates that 

has had thousands of leaves. Dozens of hominids preceded 

the various species that spread across the globe and become 

humankind.  

There is no singular trait that makes humans unique, nor 

any combination that makes them superior in any meaning-

ful sense except destructive power. Physically, humans are 

among the weakest animals for their size. When it comes to 

savvy, people are only comparable to other animals. 

Rats are cunning, excellent navigators, and fierce. Octopi 

are superior problem-solvers, as are corvids, which are mis-

chievously clever, with stunning memory and wit. Dolphins 

are wondrous creatures: more intelligent, sociable, playful, 

and altruistic. 
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From microbes on up, innumerable species create con-

structions or otherwise alter their habitat. Eusocial insects 

build elaborate colonial homes that are meticulously main-

tained. Birds create nests and other constructions for mating 

and breeding. 

Beyond burrowing, few mammals augment their habitat. 

Humans aside, beavers are the most ambitious mammal 

builder. 

The most beneficent builders by far are plants, which 

erect ecosystems by their very presence. But then, plants are 

exceptional in most every way. Plants are the most intelli-

gent life form: capable of mathematical computations far be-

yond any animal. And plants are socially adept beyond our 

imagination. They know their own bodies and that of other 

species so intimately that we have no idea how it is possible.  

Plants show respect for other life, which is something that 

cannot be generally said of humans. Flowering plants take 

extraordinary care of their pollinators. For instance, sunflow-

ers provide the bees that visit them with anti-parasite forti-

fication.  

Animal builders are often keystone species: contributors 

to the lives of others in their habitats. Men are a stark con-

trast. Almost all of our technology is a detriment to other life, 

especially at the scale seen since the onset of industrializa-

tion. 

The fruits of civilization resulted from technology, the de-

velopment of which was ever within the confines of economics 

and constrained by the lack of concerted cooperation and the 

constant conflict that defines mankind. Men do cooperate, 

but cautiously compared to women, who generally possess su-

perior social skills, most notably that of nurturing. Coopera-

tion comes easier to women than it does men. But women do 

not rule the world, and so civilization's fruits are those hus-

banded by men. 

The predominant economics throughout history have not 

been of abiding cooperation. Instead, exploitation and compe-

tition typify the endeavors of men.



 

 Technology  
Any sufficiently advanced technology is indistinguishable 

from magic. ~English writer Arthur C. Clarke 

Science is the study of Nature, with an eye toward under-

standing its principles. Technology is the product of engineer-

ing, which is the methodological application of science.  

Science and engineering are intertwined, in that technol-

ogy affords scientific advance. The heavens would not have 

opened to view had it not been for telescopes. Conversely, di-

minutive dimensions would be inaccessible without micro-

scopes. 

The history of technology is the history of how accumulated 
knowledge and organized desires have utilized technical possi-
bilities. ~ American philosopher John Searle 

Technology is not confined to artifacts, nor is engineering 

just the vehicle for creating technology. The 2 are essentially 

synonymous: engineering is technology. The skills by which 

technology develops – engineering – is the most valuable ele-

ment. Technological artifacts represent statements of engi-

neering evolution. Most saliently, engineering is a social 

exercise, made possible only by cooperation. 

If I have seen further than others, it is by standing upon the 
shoulders of giants. ~ English physicist Isaac Newton 

Societal qualities, especially education levels and open-

ness, have either engendered or encumbered innovation. His-

tory is replete with reinvention. 

There are innumerable illustrations of the incremental 

nature of innovation, and the difficulty with which humans 

make conceptual breakthroughs, which only seem obvious in 

hindsight. The wheel is exemplary. 

The earliest wooden wheels appeared ~6000 BCE. 1,500 

years later came the potter's wheel. It then took the better 

part of a millennium for wheeled vehicles to arrive, forever 

changing transport. 
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 Clocks  
Time management is an oxymoron. Time is beyond our con-

trol, and the clock keeps ticking regardless of how we lead our 
lives. Priority management is the answer to maximizing the time 
we have. ~ American author John Maxwell 

There's no sense talking about priorities. Priorities reveal 
themselves. We're all transparent against the face of the clock. 
~ American columnist Eric Zorn 

Our endeavors bathe in the fluid river of 

time. The clock is one of the oldest inventions. 

Horology is the study of timekeeping. 

In olden times, the technology applied to 

timekeeping depended upon the scale desired. 

The ancients placed stones on landscapes to 

capture the days of the year. Stonehenge is the most famous 

of these devices, but there were many throughout the ancient 

world. The earliest were built 10,000 years ago, perhaps even 

earlier. Stonehenge was built in 6 stages between 3100 and 

1520 BCE, beginning with the site as a burial ground. 

The clepsydra, or water clock, was known to the ancient 

Babylonians, though when it was invented has been lost in 

time. The earliest-known specimens date to the 16th century 

BCE. 

The simplest clepsydras were vessels with a bunghole at 

the bottom to let water leak out at a controlled rate. Marks 

on the side of the vessel indicated temporal passage. They 

were typically used to keep time during the night. 

Greek astronomer Eratosthenes invented the first armil-

lary sphere in 255 BCE. An armillary sphere is a mechanical 

spherical device comprising hoops or rings. 

In the early 2nd century CE, Chinese polymath Zhang 

Heng built a celestial armillary sphere that rotated in a di-

urnal cycle. Its movement was regulated by a clepsydra at-

tached to a water wheel. Zhang's water-powered armillary 

sphere, with its complex gears, had a profound influence on 

later Chinese astronomy and mechanical engineering.  

Clepsydras had many uses. The Romans timed the 

speeches of orators with them. In the 16th century, Italian 
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physicist Galileo used a mercury clepsydra to time his exper-

iments on falling bodies. 

The general principles behind Zhang's celestial sphere led 

to the discovery of the escapement mechanism for clockwork 

in 8th-century China. In the 8th century, Buddhist monk and 

mechanical engineer Yi teamed with Liang Lingzan to create 

a bronze astronomical instrument, powered by water, that 

served as a clock. 

This was not the first liquid-driven escapement, which 

had been described by the Greek engineer Philo of Byzantium 

in the 3rd century BCE. Its use was for a washstand. Philo 

remarked that "its construction is similar to that of clocks," 

indicating that escapement mechanisms had already been in-

tegrated in ancient water clocks. 

Sundials arose by 1500 BCE as a means to tell the time of 

day. Such shadow clocks were employed by Egyptian and 

Babylonian astronomers. Sundials existed in ancient China 

too, though little is known of their history. 

Shadow clocks were introduced to the ancient Greeks in 

the 6th century BCE by Anaximander, an early proponent of 

science. Greeks sundials were initially derived from Babylo-

nian counterparts. 

Having established geometry, the Greeks advanced sun-

dial technology. Astronomer and mathematician Theodosius 

of Bithynia is said to have invented a universal sundial in the 

mid-2nd century BCE capable of employment anywhere on 

Earth. 

Shadow clock technology passed to the Romans and the 

Arabs. Greek dials indicated unequal hours, as they varied 

by season. Muslim astronomer Ibn al-Shatir invented the po-

lar-axis sundial in 1371, which indicated equal hours any day 

of the year. Some 70 years later the technology appeared in 

Europe. Trade of goods was always accompanied by infor-

mation, the lasting prize of which was technological. 

The Sun was not an altogether reliable partner for time 

keeping, as it was easily obscured by clouds and insisted on 

disappearing over the horizon at the end of the day. Water-

power could be, but it presented a problem: how to deliver 

continuous power for mechanical escapement devices. The 

answer was gravity. 
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An escapement is a mechanism for regulating mechanical 

movement. In reference to clocks, a verge is a vertical spindle. 

The verge escapement was the first mechanical escapement, 

used for several centuries to ring bells in an alarum (alarm 

device) before being adapted to clocks in late-13th-century 

Europe. 

In the earliest tower clocks to appear, a verge escapement 

drove an oscillating foliot: a weighted balance wheel. As to 

accuracy, these clocks might have been off by around an hour 

a day. 

The verge was the only escapement used in mechanical 

clocks for the next 2 centuries. Their accuracy improved 

somewhat as continuous tinkering led to better mechanics. 

Verge escapements continued to be used into the mid-19th 

century in clocks and pocket watches. 

A great leap in timekeeping accuracy came 

in 1656, with a clock using a pendulum and 

balance spring. It was made by Dutch scientist 

Christiaan Huygens, who patented his device 

the following year. 

Huygens had been inspired by Galileo, who 

discovered isochronism, the key property that makes pendu-

lums useful timekeepers. Isochronism refers to the fact that 

the period of a pendulum swing is about the same for differ-

ent-sized swings, thanks to the constancy of gravity. 

The balance wheel in Huygens' clock was an incremental 

improvement over the foliot. Such early balance wheels were 

crude timekeepers, as they lacked a balance spring. 

The idea of the balance spring came from observing that 

springy hog bristle curbs, added to limit the rotation of a 

verge, increased its accuracy. 

English scientist Robert Hooke first applied a metal 

spring to a balance wheel in 1658. Huygens and Jean de 

Hautefeuille contemporaneously shaped the balance spring 

to its present spiral form in 1674. Adding a spring to the bal-

ance wheel made it a harmonic oscillator: the basis of every 

modern clock. 

A spring balance wheel vibrated at a natural resonant 

frequency, resisting changes in its vibratory rate from fric-

tion or other disturbances. This crucial innovation greatly 
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improved the accuracy of watches, from potentially being sev-

eral hours off a day to perhaps 10 minutes. 

The major source of inaccuracy left came from tempera-

ture variations affecting pendulum rod length and balance-

spring strength. Various approaches were made to amelio-

rate both problems. 

English clockmaker George Graham put liquid mercury 

in the bob of the pendulum in 1721. Heat caused the rod to 

expand, but so too the mercury, raising its level in the con-

tainer, and so keeping the center of pendulum gravity the 

same. 

In 1726, English clockmaker and carpenter John Harri-

son created a gridiron pendulum that had a grid of different 

metals in the pendulum such that its length was unaffected 

by temperature. 

In 1753, Harrison compensated for the balance-spring 

temperature problem by applying a bimetallic "compensation 

curb" on a spring for marine chronometers. This yielded an 

accuracy within a fraction of a second per day, but the com-

plexity of the fix meant that it was a dead end. 

A simpler solution was found by French clockmaker 

Pierre Le Roy in 1765: make the balance wheel change size 

to compensate for temperature. This was then incrementally 

improved upon by others. 

Decent compensation was first accomplished by making 

the balance spring from a sandwich of metals – steel and 

brass – based on their relative thermal expansion rates. This 

was tinkered with for a century to further accurize clocks. 

Then the bimetallic balance wheel was made obsolete in 

the early 20th century by an advance in metallurgy. In 1896, 

Swiss physicist Charles Édouard Guillaume invented a 

nickel-steel alloy with negligible thermal expansion. This 

solved both the pendulum and balance-spring problems. 

Pendulum-based clocks can be quite accurate. They 

served as reference time pieces in laboratories well into the 

20th century. 

The electric clock was first patented in 1840 by Scottish 

engineer Alexander Bain. Development of electronics in the 

later 20th century led to clocks with no moving parts except 

the hands that tell time. 
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Known since ancient times, crystalline silica (SiO2) is 

commonly called quartz. It is one of the most complex and 

abundant of materials: found throughout the world, and in 

living organisms.  

Silica is a major constituent of those sun-drenched sandy 

beaches so beloved by egg-laying sea turtles and tourists on 

holiday. Silica can also tell time. 

Quartz is piezoelectric: singing at a certain frequency 

when an electric current flows through it. The resonance of a 

quartz crystal depends on its size, shape, and the crystal 

plane of its cut. For clockwork, quartz also bears the admira-

ble quality of being insensitive to ambient temperature. 

Radio engineers in the early 20th century sought a pre-

cise, stable source of radio frequencies. They started with 

steel resonators. But then American physicist and electrical 

engineer Walter Guyton Cady discovered in 1921 that quartz 

resonated with less equipment and better temperature sta-

bility. Steel resonators disappeared within a few years.  

Quartz clocks were soon appreciated as more accurate 

than their swinging sisters. Besides, pendulums dangling 

from the wrist cannot tell time. 

Quartz wristwatches had to await the development of in-

expensive semiconductor chips, which were not available un-

til the late 1960s. Within 2 decades, quartz timepieces 

dominated both the clock and wristwatch markets. 

Quartz clocks are quite accurate, but the final word in 

temporal acuity is the atomic clock, which employs some elec-

tromagnetic frequency as a standard, notably the spectrum 

of select atoms. An atomic clock catches the frequency signal 

of electrons emitted from atoms as they change energy levels. 

The idea of using atomic transitions to measure time was 

first suggested in 1879 by Scottish mathematical physicist 

William Thomson, better known as Lord Kelvin. Polish-born 

American physicist Isidor Rabi developed magnetic reso-

nance in the 1930s which made this practicable.  

Computers now synchronize themselves through the In-

ternet to time signatures provided by atomic clocks. 

The hours of folly are measured by the clock, but of wisdom 
no clock can measure. ~ English poet William Blake 
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Time is money. ~ American author Benjamin Franklin 

Obsession with time begat the economic concept of effi-

ciency. From this flowed a lasting imposition on labor: to con-

sider workers as mechanistic inputs of production.  

Time as a productive measure so infused many modern 

cultures as to have monochronic time – living by the clock – 

dominate peoples' lives.  

Time as money is unnatural and often stressful. It may 

be contrasted to socially oriented polychronic time, where 

people matter more than minutes. 

Time has everything to do not only with how a culture devel-
ops, but also with how the people of that culture experience the 
world. ~ American anthropologist Edward Hall 

 Discontinuities  

Most every adult in a post-industrial society has had the 

experience of a favored product degraded or replaced with an 

ersatz substitute. Conversely, improvements on high-quality 

goods are rare.* The old saw "they don't make them like they 

used to" applies to technological products as well as it does to 

the cheapening of everyday hardware that breaks too easily 

or wears out too soon. 

Back in the mid-1980s, the telephone company Sprint ad-

vertised that you "can hear a pin drop" by using their fiber 

optic telephone network. Though the millions of miles of fiber 

optic cable are still there, the days of decent telephone recep-

tion are long gone. The descent of telephony onto the Internet 

has been a formula for noise and dropped calls. 

There are 2 discontinuities that occur with technological 

products. The 1st is with product updates. The 2nd is corpo-

rate fumbling in the technology marketplace. 

 
* Dyson, which makes high-quality products, has generally im-

proved its flagship vacuum cleaners by simplifying the overengi-

neering in their earlier models. Dyson is one of the few companies 

that unabashedly demonstrate engineering intelligence and truly 

value product quality. 
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"New and improved" guarantees the former at the ex-

pense of the latter. Updates of technical products often lose 

or degrade good features and can be more difficult to use. It 

is as if the designers don't have a grasp on what makes their 

products outstanding. The failure to comprehend core con-

cepts is what characterizes the folly of humanity in all ways. 

A related dynamic is that companies typically lose their 

market share as technology progresses from one generation 

to the next. A current leader, vested in the technology of the 

day, is slow to the move into the next generation. By the time 

they do, it is too late, as a competitor has seized the moment.  

Motorola was the leading maker of early cell phones, be-

ginning in the late 1970s. Motorola lost its edge to Nokia in 

the next decade as cellular technology moved from analog to 

digital. But Nokia's reign did not last, even as it was an early 

adopter of touchscreens.  

Nokia was aware of changes in the marketplace; and it 

never fell behind in technology, nor suffered a dearth of 

clever marketers. What Nokia lacked was the managerial 

will to decisively change. 

From 2003 to 2007, the Blackberry, with its tiny key-

board, became ubiquitous. Then Apple doomed the Black-

berry with its touchscreen "smartphone." The iPhone made 

Apple the industry darling that it had never managed to be 

with its computers.*  

Apple was unable to retain its dominance, as Korean con-

glomerate Samsung copied key features of Apple's phone in-

terface and introduced better hardware. Apple practically 

forced users of its phones to upgrade, as the company surrep-

titiously slowed the performance of older models – a moral 

decadence displayed in technology. 

Meanwhile, Microsoft has never been able to translate its 

dominance on the computer desktop to the mobile phone mar-

ket, though not for lack of trying. The core problem is stodgi-

ness. The Windows phone offers nothing distinctive, let alone 

 
* Besides not being a phone maker, and so eager to enter the market 

with a splash, Apple's iPhone market momentum was greatly 

aided by its leadership position in mobile music players (the iPod). 
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appealing. But then, Microsoft has always been an imitator 

and incremental tinkerer at best. 

Seldom was the dominant company along the way the 

technical product innovator. IBM and Bellsouth marketed 

the first smartphone in 1993, though they were not able to 

make a go at it. Instead, market momentum went to having 

the right product at the right time, well-marketed to the right 

audience.  

The key is always intelligent management, which is stun-

ningly sparse. The larger and more successful a firm be-

comes, the more risk-adverse it grows to be. Arrogance and 

rigidity set in. 

Around the world, no one is so overpaid for sorely lacking 

strategic skill as corporate management. The rare exceptions 

prove the rule. 

 Externalities  

Technology always has externalities: consequences be-

yond intended purposes. The effects range from environmen-

tal to cerebral and societal. 

Culture and technology form an entangled gyre. Just as a 

culture may engender or discourage engineering, technologi-

cal advance drives the evolution of social norms and mores. 

Some of this is intentional. Most is not. 

In the beginning, the impact of hominids was no more 

than other animals. Flakes of flint from stone tools and shav-

ings of wood were negligible waste, though the toll the crafted 

weapons took on wildlife was of some significance.  

With the advent of metallurgy, mankind took a signifi-

cant step in creating long-lived pollution. By then deforesta-

tion was already a problem. 

All life has been severely affected by human technology. 

Those impacts expanded exponentially since industrializa-

tion. Pollution became a ubiquitous consequence: fouling the 

air, water, and land by our way of life.  

 

Men have ever prized technology. But in the larger vista 

– of improving life – the vast majority of technology that has 
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been developed has not even been a mixed blessing. Instead, 

technology has been a curse disguised as a benefit. Its evolu-

tion has lulled people into the illusion of progress while 

steadily degrading the natural world and our own lives. 

Agricultural technology has lessened the nutrient value 

of the fruits and vegetables we eat. Modern processed foods 

have gone so far as to be anti-nutritional. 

Modern medicine has fostered the foolish belief that it can 

cure the ills of the bad food choices and lazy lifestyles that 

most folk have. 

Science has even changed the shape that humans take. 

The plague of obesity that has worsened worldwide from the 

last 20th century is a product of technology: processed foods 

that cater to taste at the expense of nutrition. 

The portable electronic devices which became ubiquitous 

in the early 21st century were intended as conveniences for 

communication and information usage. These devices have 

decidedly altered social interaction and etiquette, as their us-

ers are often more responsive to their gadgets than the people 

they are with.  

In displacing human interaction with a synthetic substi-

tute which is self-oriented, handheld computers have also en-

couraged narcissism. Further, language skills decline as 

these devices require typing on awkward keyboards, and so 

encourage a pidgin form. LOL! 

 

3 areas of engineering have had the most significant im-

pacts: energy, chemistry, and computers. 

The ability of humans to contain and control release of 

power has had the most profound impact on all that lives on 

the planet. Most significantly, this capacity afforded means 

of transport that wove the human world together while tear-

ing the natural world apart. 

Materials science culminated in chemistry: manipulation 

of the molecules which comprise matter. The evolution of 

these endeavors provided appliances that were used for some 

short duration before becoming waste, and potent chemicals 

that were always poisonous pollutants, even those few in-
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tended to engender life (for example, plant fertilizers). Lack-

ing appreciation of the balance of life necessarily meant un-

balancing it via technology targeted at profit. 

Mechanical means to empower and substitute for human 

cognition had been a dream for centuries before its realiza-

tion in the latter 20th century. Computers have increasingly 

become an integral aspect of the human world since then, 

even for those who do not use them. 

 Energy  

Technology invariably involves the manipulation of ma-

terials. Its advances have afforded endeavors at scales both 

large and small; but tinkering the tiny has been the most im-

pressive. 

The ability to build the monstrosities of modern architec-

ture pales in comparison to bending molecules to human will. 

In coherently channeling electrons, computers take this min-

iaturization to the subatomic level. Yet materiality is an 

aside to what the most critical technology actually does, and 

that is to provide energy. 

The earliest technologies, from the Stone Age to the es-

tablishment of settlements, aimed at the most intimate en-

ergy: food. Controlling fire played a crucial role in human 

descent. 

 Fire Pistons  

A fire piston starts with handheld straw-like cylinder 

sealed at one end and open at the other. The cylinder is fitted 

with a piston that makes an airtight seal. 

Pushing the piston compresses the air within. Quickly 

ramming the piston down into the cylinder generates enough 

heat to set a tiny bit of tinder within ablaze. That ember can 

then be dropped onto kindling to start a fire, assisted by some 

wind to encourage a flame. 

Fire pistons were used prehistorically in southeast Asia. 

Application of the concept was reinvented many times. 

The fire piston was patented in 1807 in both England and 

France by different men. This was after a public demonstra-

tion in 1802. So much for novelty in invention. 
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Fire syringes, as they were called, became popular house-

hold items in Europe during the early 19th century. They 

were supplanted by the safety match, which was invented in 

1844, and was less safe than the fire piston. So much for truth 

in terminology. 

The fire piston probably inspired German engineer Ru-

dolph Diesel in his late-19th-century invention of the piston-

based engine that bears his namesake. Fire pistons and die-

sel engines rely upon the same principle. 

 

An exclusive focus on food-energy slowly relented. Animal 

domestication offered beasts of burden as a supplement to 

human exertion. Then man turned his attention to control-

ling energy as a substitute for his own labor. 

Early attempts worked with water, then wind. Both in-

volved circular motion: waterwheels and windmills.  

Rotary motion was ever the ultimate object of engines; at 

first for mechanical work, and then the generation of electric-

ity: pure energy that can be transmitted over distance for a 

vast variety of local applications. 

A turbine is a machine designed to capture energy from a 

moving fluid to put to work. 1 of 4 fluids is usually involved: 

water, wind, steam, or gas. Blades catch the moving fluid. 

These blades rotate about an axle, which drive a machine. 

There are 2 types of turbines – impulse and 

reaction.  

The blades of an impulse engine run 

around the axle and are usually bucket 

shaped. Waterwheels are an exemplary im-

pulse engine. 

In a reaction turbine, fluid flows past 

blades that face the end of the axle like flower petals. Wind-

mills are reaction turbines. 

Waterwheels were known in Roman times and changed 

little during the Middle Ages. Like windmills, their earliest 

use was in grinding grains, especially corn. 

By the 10th century there were tens of thousands of wa-

terwheels in England, engaged as a prime mover in various 

tasks, from pumping water to sawing wood, forging metal, 

impulse  

reaction 
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fulling cloth, and operating bellows. This situation was typi-

cal throughout Europe, as population centers were near riv-

ers which facilitated cargo transport. 

The origin of windmills is obscure, but they seem to have 

evolved independently in Persia and northern Europe in the 

7th century. The likely inspiration was sailing ships. 

 Heat Engines  

A machine, receiving at distant times and from many hands 
new combinations and improvements, and becoming at last of 
signal benefit to mankind, may be compared to a rivulet swelled 
in its course by tributary streams, until it rolls along a majestic 
river, enriching, in its progress, provinces, and kingdoms.  
~ English clergyman and educator John Stuart at the dawn of 
the 19th century 

Fire returned to the forte with the concept of heat engines, 

which convert thermal energy into mechanical power. Heat 

engines were known from antiquity, but their utility as ma-

chines only came to the fore during the 19th century, when 

they powered the Industrial Revolution.  

 Steam Engines  

As an amusement, Greek mathematician 

and engineer Hero of Alexandria made a sim-

ple bladeless radial steam turbine called an 

aeolipile in the 1st century CE. 

The aeolipile was a vessel with pipes run-

ning into it, sitting in a basin of water which 

is heated, providing the steam source. The 

aeolipile had a stream release in the form of 

2 nozzles (tipjets). When the vessel was pressurized, steam 

vented from the tipjets, generating thrust via the rocket prin-

ciple, making the vessel rotate. 

Italian engineer and architect Giovanni Branca described 

an impulse steam turbine in his 1629 book Le Machine. It 

bore no relation to later applications of steam power and was 

not much of an advance over the aeolipile. Branca's turbine 

was one of many different mechanical inventions that he 

wrote of, some of which he himself had envisioned. English 
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historian Alex Keller later commented that Branca's book 

was of "armchair inventions which seldom ever had any 3-

dimensional working counterparts." 

In 1678, Jean de Hautefeuille proposed using a piston in 

a heat engine powered by gunpowder. 2 years later, Christi-

aan Huygens and French inventor Denis Papin built a proto-

type. 

Heat engines under steam power were first meaningfully 

employed for mining. As demand for coal and metals grew 

the desire to dig deeper grew stronger. Flooding from going 

below the water table was the chief obstacle. 

English engineer Thomas Savery patented a steam pump 

in 1698 which he called "The Miner's Friend." A few were 

tried in the following decade, mostly in Cornish tin mines. 

They had several defects, among them a tendency to explode. 

By trial-and-error tinkering English ironmonger and lay 

preacher Thomas Newcomen succeeded in making a worka-

ble steam pump in 1712. Newcomen had a business that spe-

cialized in designing, manufacturing, and peddling tools to 

the mining industry. Newcomen's contraption combined in-

novations by Savery and Papin, who had created the steam 

digester, a forerunner of the pressure cooker. 

Though by no means efficient or especially reliable, the 

Newcomen steam pump was commercially viable for 75 

years, as was Savery's less-expensive steam engine. Their 

use spread throughout Britain and continental Europe. Then 

these pumps were replaced by a superior steam engine, de-

signed by Scottish mechanical engineer and chemist James 

Watt, who began studying steam engines in the early 1860s.  

Watt concluded that Newcomen's engine wasted 80% of 

the steam, as steam was used to heat the cylinder rather than 

providing motive force. Taking Newcomen's engine as a base-

line, Watt made numerous improvements in design and ma-

terials, resulting in his own steam engine in 1781. Watt's 

tireless dedication resulted in technology that enabled the 

widespread use of stationary steam engines. 

At the time, the power of steam engines was limited by 

low pressure, cylinder displacement, condenser capacity, and 
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the rates of combustion and evaporation. Efficiency was con-

strained by the relatively low temperature differential on ei-

ther side of a piston.  

This meant that a Watt engine had to be quite sizable to 

produce a useful amount of power. They were therefore ex-

pensive to build and install. 

As the 18th century unfolded the call was for higher pres-

sures. Watt strongly resisted this. Watt mistrusted the ma-

terials technology of the day, especially boilers being able to 

withstand high pressure. So, Watt used his patent monopoly 

to prevent others from building high-pressure engines and 

using them in vehicles. 

Watts' reservations did not apply in the US, where his 

patent power did not reach. Several advocates of "strong 

steam" built high-pressure engines. One was American engi-

neer and businessman Oliver Evans. A pioneer in cylindrical 

boilers, his radical designs were criticized by other engineers. 

Evans did suffer several serious boiler explosions, vali-

dating Watts qualms. But Evans persisted, and introduced 

high-pressure steam engines to the riverboat trade on the 

Mississippi. 

English mining engineer Richard Trevithick was the son 

of a mine captain. He grew up watching steam engines pump 

water from deep mines in Cornwall. In 1799, Trevithick was 

first to make a successful high-pressure steam engine. Unlike 

the more insouciant Evans, Trevithick worked incremen-

tally: experimentally finding out what worked and what did 

not. 

Trevithick had his first patent for a high-pressure steam 

engine in 1802, having built both stationary and vehicular 

engines. 

Trevithick's work was not without mishap. In 1803, one 

of his stationary pumping engines exploded, killing 4 men. 

Trevithick's response was to incorporate safety valves and 

other measures to warn of impending danger. 

American mechanical engineer George Henry Corliss de-

veloped a reliable stationary steam engine which he patented 

in 1849. His work became recognized as the greatest advance 

in steam power since Watt. 
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One of the final developments in stationary steam en-

gines was running them at high speed: several hundred RPM 

(revolutions per minute), which was a necessity for electricity 

generation. As a turbine generates rotary motion, a turbine 

is particularly suited to drive an electrical generator.  

In 1882, Swedish engineer Gustaf de Laval designed an 

impulse steam engine that subjected the turbine to severe 

centrifugal forces. This limited output due to the weakness of 

materials available at the time.  

Appreciating the practical flaws in Laval's turbine de-

sign, Anglo Irish engineer Charles Parsons invented the 

modern steam turbine in 1884. He immediately employed it 

to drive an electrical generator he had designed. 

It seemed to me that moderate surface velocities and speeds 
of rotation were essential if the turbine motor was to receive 
general acceptance as a prime mover. I therefore decided to 
split up the fall in pressure of the steam into small fractional 
expansions over a large number of turbines in series, so that the 
velocity of the steam nowhere should be great. I was also anx-
ious to avoid the well-known cutting action on metal of steam 
at high velocity. ~ Charles Parsons 

Parsons' steam turbine made plentiful, cheap electricity 

possible. It also revolutionized marine transport and naval 

warfare. 

~85% of electricity generated worldwide today comes via 

steam turbines, including those powered by coal, geothermal, 

solar, gas, and atomic decay. The different energy inputs go 

to the same end: to boil water. 

The energy conversion efficiency of modern steam turbine 

power plants is typically 33–45%: the rest of the energy 

leaves the power plant as waste heat. 

 Internal combustion Engines  
An internal combustion engine is an engine with working 

cylinders in which combustion occurs within the cylinders, 

providing mechanical power. Assorted designs of internal 

combustion engines were developed before the 19th century, 

but their commercial employment was hindered until petro-

leum became widely available in the mid-1850s. By the late 
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19th century internal combustion engines were employed in 

a variety of applications. 

Internal combustion engines were patented as early as 

1807, but none of these were commercially successful. The 

first such engine to succeed was by Belgian engineer Étienne 

Lenoir, who built a single-cylinder 2-stroke spark-ignition 

engine in 1858 that could be operated continuously. Lenoir's 

engine differed from more modern 2-stroke engines in not 

compressing the charge before ignition.  

Such a system had been invented in 1801 by French en-

gineer Lebon d'Humberstein. It had a power stroke at each 

end of the cylinder, which worked quietly but also ineffi-

ciently. d'Humberstein was assassinated before he could 

work through the flaws in his patented design. 

In 1861, French engineer Alphonse Beau de Rochas pub-

licized his design for a 4-stroke engine, which he never built. 

Meanwhile, German engineer Nikolaus Otto built his first 

gasoline-powered engine the same year.  

Otto tinkered away for decades. In 1876, he built a 4-

stroke engine that efficiently burned fuel in a piston cham-

ber. This process became known as the "Otto cycle." It was 

the first practical alternative to the steam engine. 

American engineer George Brayton developed a 2-stroke 

kerosene engine in 1873, but it was too large and slow to be 

commercially viable. 

2-stroke engines complete a power cycle in 2 strokes of a 

piston – up and down – during a single crankshaft revolution. 

In contrast, a 4-stroke engine requires 4 strokes to complete 

a power cycle: 1) intake (for the air-fuel mixture), 2) compres-

sion (in a closed piston), 3) power (the engine delivers power 

to turn a crankshaft), and 4) exhaust (expelling the spent air-

fuel mixture). 

In a 2-stroke engine, the intake and exhaust functions 

simultaneously. 2-stroke engines have a higher power-to-

weight ratio and fewer moving parts, so can be more compact 

and much lighter. 

Scottish engineer Dugald Clerk designed the first suc-

cessful 2-stroke engine in 1878. Although the form was sim-

plified somewhat by English engineer Joseph Day in 1891, 

Clerk's basic design remains in use today. 
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Owing to their power, low cost, and simple design, 2-

stroke petrol engines were very popular throughout the 19th 

and 20th centuries in devices needing small engines, such as 

motorcycles, outboard motors, and chainsaws. But they emit 

more pollution. In the US, when the federal government 

mandated more stringent emissions, manufacturers 

switched to 4-stroke engines. 

German engineer Gottlieb Daimler constructed the pro-

totype of the modern gas engine in 1885. It was small and 

fast, with a vertical cylinder, using gasoline injected through 

a carburetor. A carburetor is a device for mixing air with va-

porized fuel to produce a combustible or explosive mixture. 

While others were contemporaneously working on their 

own automobile designs, German engineer and engine de-

signer Karl Benz was first to patent an internal combustion 

engine automobile, in 1886. Benz patented his engine in 

1879, and then patented the processes that made the internal 

combustion engine feasible for autos.  

In 1889, Daimler introduced a 4-stroke engine with a 

much higher power-to-weight ratio. It had 2 cylinders ar-

ranged in a V, with mushroom-shaped valves. With the ex-

ception of an electric starter, most modern gasoline engines 

are descended from Daimler's models.  

A starter is an electric motor that initiates an internal 

combustion engine. The starter's job is done once the engine 

starts. Before electric starting, internal combustion engines 

got going via a hand crank: a difficult and dangerous under-

taking. Engines can be unpredictable during startup. An en-

gine can kick back, causing sudden reverse rotation. 

The first electric starter was installed in 1896 by its de-

veloper, English electrical engineer H.J. Dowsing. Starters 

became common in the early 1920s. 

Rudolf Diesel developed his namesake compression-igni-

tion engine in 1892. Fuel was injected at the end of compres-

sion and ignited by the high temperature created from the 

compression. Diesel demonstrated his engine at the 1900 

World's Fair using peanut oil for fuel. 
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 Vehicles  

Leonardo da Vinci pondered a self-propelled vehicle in the 

15th century. The idea was thereafter vigorously pursued. 

Steam-engine vehicles preceded 

those powered by petrol. A steam-en-

gine automobile was built by French 

engineer Nicolas-Joseph Cugnot in 

1769. Steam carriages had a heyday in 

Britain in the 1830s. By 1840 it was clear that steam coaches 

had a fleeting future. They had much to contend with, includ-

ing public antipathy to machinery and the enmity of the 

horse-coach trade. 

In Britain, the Locomotives on Highways Act of 1865 took 

the steam out of steam-powered transport: reducing permis-

sible speeds and requiring 3-man crews for each vehicle. The 

act was repealed in 1896, having been in effect long enough 

to stifle the development of road transport in the British 

Isles. 

The attitude toward automobiles was altogether different 

in the US. Americans were always gung-ho on innovation, 

with scant thought to externalities.  

Methodist minister and physics professor J.W. Carhart 

built a working steam car in 1871 in Racine Wisconsin. This 

induced the State of Wisconsin to offer a $10,000 award to 

the first party to produce a practical substitute for animal 

transport (1875). The offer led to the first car race in the 

United States (1878). 

Internal combustion engines also had numerous indus-

trial applications, serving alternately to replace manual la-

bor or to aid worker productivity. But getting folks to-and-fro 

became these engines' primary employment. 

Wings were strapped onto petrol engines in the early 20th 

century. For most of the century, air travel was a luxury re-

served to the moneyed class. Deregulation that began in the 

US at the end of the 1970s changed that, letting everyman 

fly the skies like sardines in an airborne can. 
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 Computers  
We are looking at a society increasingly dependent on ma-

chines, yet decreasingly capable of making or even using them 
effectively. ~ American technologist Douglas Rushkoff 

Computing consists of inputting, processing, storing, and 

outputting data (information). A computer is a machine for 

computing. 

Abetted by the miniaturization of components, the gener-

ality of data processing shows why computers have become 

so significant in modern societies. Mental life is, after all, a 

ceaseless process of consuming information. 

Computers today process everything that can be digit-

ized: from numbers to sounds to images to every imaginable 

data. Any wave of energy that can be captured by a sensing 

device is subject to computing. 

Computers represent the technological fruition of human 

abstraction. Today, no society is considered "advanced" with-

out ubiquitous computer usage. Addictive handheld devices 

which plug one into the networked world have become a 

norm. 

Computers are useless. They can only give you answers.  
~ Spanish painter Pablo Picasso 

 Computer Components  
Before delving into the history of computers, it helps to be 

familiar with the components of modern ones. 

A computer consists of hardware and software. Hardware 

is the part of the computer that can be kicked. Software is the 

part of the computer that lies behind the screen that deserves 

the kicking it can never get. 

Software is code that does data processing of every sort. 

Code comprises programmed instructions that a computer's 

processor understands. Firmware is software that interfaces 

to hardware devices. 

The overarching software that provides the platform for 

application programs is an operating system (OS). An OS 

manages all basic computer operations, including peripheral-

device firmware and file storage. Modern operating systems 
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also provide common services for application programs, 

which are the software widgets that users fiddle with. 

The hardware heart of every computer is a central pro-

cessing unit (CPU). The CPU is ensconced on a single semi-

conductor chip called a microprocessor. 

The CPU chip is clamped into a socket on a motherboard, 

which is a printed circuit board (PCB) that is thoroughly 

etched with connections among various components. 

A CPU employs random-access memory (RAM) for storing 

programs and data. RAM chips are soldered onto PCB sticks 

which are stuck in slots that connect the memory to the moth-

erboard. 

RAM remembers only when power is on. The contents of 

this memory are lost when the power is switched off.  

Memory is measured in bytes. A byte is 8 binary bits. The 

decimal capacity of a byte is 256 (0–255).  

A kilobyte (properly kB; typically, kb or KB, or simply k) 

is 210 (1,024) bytes; nowadays used loosely for 1,000. A mega-

byte (MB) is 220 (1,048,576) bytes (= 1,0242).  

A gigabyte (GB) is 230 (1,073,741,824) bytes (= 1,0243). 

Storage drive manufacturers cheat and call a GB a billion 

bytes (1,000,000,000). 

A computer has lasting storage in the form of drives, the 

most common being disc drives, which are spinning platters 

in a case. The platters store data electromagnetically.  

There are also solid-state drives (SSD), which have no 

moving parts, as an SSD comprises a memory IC (integrated 

circuit) chip. The most common form of SSD is the thumb 

drive (aka flash drive or USB drive) which are small sticks of 

retentive memory which easily fit into pockets and crawl into 

hidden places.  

Data skitter around a motherboard on electrical path-

ways that comprise a communication system called a bus. 

The bus connects the CPU to RAM and all other components 

that connect to the motherboard, including external devices, 

such as a keyboard or USB drives. 

USB is the acronym for Universal Serial Bus. USB is a 

specific protocol for transferring and translating bits of data 

to and from external devices serially so that they can be un-

derstood by the CPU.  
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The protocol for buses may involve transferring data se-

rially (sequentially, bit by bit) or in parallel (multiple bits: 

that is, word by word). Serial may seem slower, but serial 

links can be clocked much faster than parallel ones, and se-

rial transfer is inherently more reliable, because the circuitry 

for handling serial transmission is simpler. 

Unlike disc drives and SSDs, which can interactively 

store new data, optical discs, such as CDs (compact discs) and 

DVDs (digital video discs), store preformatted data.  

Writing to an optical disc is called burning. Copying from 

an optical disc is called ripping. The term ripping is espe-

cially used when the material on the disc is copyrighted, be-

cause it feels that way. 

Computer input devices include keyboards and hardware 

which indicates a location on a bitmapped display, such as 

mice and trackballs. A finger becomes an input device on 

touch-sensitive screens. 

A computer display is also called a screen or monitor. Bit-

mapped means that each dot (pixel) on a display is inde-

pendently accessible. On the early black-and-white displays, 

a pixel could be mapped to a single bit in memory: 0 for black, 

1 for light; hence the term bitmap. On grayscale or color 

screens multiple bits are needed for each dot. But the term 

bitmapped is still used. 

A display is an output device. Printers are another com-

mon output device. A scanner is an analogous input device to 

a printer in reading in a page of data at a time. 

 

A sophisticated conception of computing was realized by 

100 BCE with an analog computer designed to predict astro-

nomical positions and eclipses. The Antikythera mechanism 

was a complex clockwork device comprising at least 30 mesh-

ing bronze gears; named after the Greek island where it was 

found in an ancient shipwreck. Such technology was lost at 

some point in antiquity, with its equivalence not appearing 

again until the advent of mechanical astronomical clocks in 

14th-century Europe. 

Getting to the point of being able to process data in a gen-

eralized fashion, as opposed to some specific calculation, took 
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most of the history of hardware: nearly 5 millennia. Only in 

the 1950s, with the advent of IC chips, did computers evolve 

into general data-processing machines. After that, the ad-

vance of computer hardware has been a process of miniatur-

ization.  

We begin our survey of computing hardware at the time 

when fingers were the input device, as they have become 

again on the handheld electronic tablets which are now so 

ubiquitous.  

 Hardware  

The Sumerians invented the aba-

cus ~2700 BCE. This finger-fueled cal-

culator was the progenitor of an 

endless array of devices for intellec-

tual work. 

In 1614, Scottish mathematician John Napier published 

his discovery of logarithms, which were intended to simplify 

calculations: specifically, to reduce multiplication and divi-

sion – the 2 most difficult arithmetic operations – to addition 

and subtraction. Though the principle was straightforward, 

calculating logs with ease required lookup tables. 

Logarithms were a lasting contribution to mathematics. 

But, to his contemporaries, Napier was more celebrated for 

his bones. Napier's bones were a set of 4-sided rods that af-

forded multiplication and division by physical manipulation. 

They came to be known as bones because the most expensive 

models were made of ivory. Square roots and cube roots could 

also be sussed with Napier's bones. 

Napier's bones were warmly welcomed by the mathemat-

ically challenged throughout Europe, which was practically 

everyone. At the time, even the lower rungs of the multipli-

cation table taxed the well-educated. 

English mathematician and Anglican minister William 

Oughtred invented the slide rule in the mid-17th century, 

which was used primarily for multiplication and division, 

though it also functioned for logs, roots, and trigonometry. 

Welsh clergyman and mathematician Edmund Gunter had 
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developed the logarithmic scales upon which the slide rule 

was based. 

The predecessor to the slide rule was Gunter's rule: a 

large engraved plane scale that helped answer navigational 

and trigonometry questions, aided by a pair of compasses. 

Gunter also devised a device for calculating logarithmic tan-

gents, something a slide rule could not easily do.  

Gunter's interest in geometry led him to develop a 

method for surveying using triangulation. To aid in that task, 

he invented an instrument – Gunter's quadrant – which let 

one figure many common problems associated with spheres, 

such as taking the altitude of an object in degrees and figur-

ing the hour of the day. 

I have constructed a machine consisting of 11 complete and 
6 incomplete (actually "mutilated") sprocket wheels which can 
calculate. You would burst out laughing if you were present to 
see how it carries by itself from one column of tens to the next 
or borrows from them during subtraction. ~ Wilhelm Schickard 
in a 1623 letter to his friend, German mathematician and astron-
omer Johannes Kepler 

German polymath Wilhelm Schickard invented the me-

chanical calculator in 1623. French mathematician, physi-

cist, engineer, and Christian philosopher Blaise Pascal, who 

is generally credited with this invention, created his 1st cal-

culator in 1642. 

A prodigy, Pascal was a piece of work. His 1st essay on 

conic sections was so precocious that French mathematician 

and philosopher René Descartes was dismayed with disbelief 

that such mathematical matters "would occur to a 16-year-

old child."  

A high-strung perfectionist, Pascal labored on his calcu-

lator prototype for 3 years, experimenting with different de-

signs, materials, and components. The resultant Pascaline 

was conceptually more ambitious than Schickard's contrap-

tion, but the German's mechanism worked perfectly, whereas 

Pascal's Pascaline was problematic. 

Besides producing several seminal mathematical treaties 

in his 20s, Pascal demonstrated the existence of atmospheric 

pressure and vacuums. In his 30s he invented the syringe 
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and hydraulic press, as well as enunciating the basic princi-

ple of hydraulics, now known as Pascal's principle. 

Along with Swiss mathematician Pierre de Fermat, Pas-

cal laid the foundations of probability. Pascal's project began 

as a favor for a card-playing nobleman who wanted to know 

the odds of a draw. 

Pascal was also interested in worldly affairs. Shortly be-

fore he died at 39, in great pain from ulcers and stomach can-

cer, Pascal and other farsighted Parisians established one of 

the earliest public transport system in Europe: a bus line in 

central Paris. 

At 32, Pascal entered a Jansenist convent outside Paris. 

Jansenism was a mostly French Catholic theological move-

ment that emphasized original sin, human depravity, predes-

tination, and the necessity of divine grace. 

Pascal's extreme religiosity was fueled by his repressed 

homosexuality and agonizingly poor health. He flagellated 

himself for more than his share of sins. 

At the behest of his Jansenist order, Pascal generally ab-

stained from scientific pursuits, devoting himself to castigat-

ing atheists and Jesuits in religious tracts that were 

considered masterpieces of prose. Thus, Pascal positioned 

himself as one of science's greatest might-have-beens. 

The 3rd 17th-century calculator was concocted by Ger-

man mathematician and philosopher Gottfried von Leibniz, 

who was one of the first Western mathematicians to study 

the binary system of enumeration. It was this shift in per-

spective that enabled Leibniz to progress where others had 

stumbled. 

Binary has only 2 digits: 0 and 1. Binary would find eter-

nal fame as the basis of electronic computers, whose memory 

was based upon the presence or absence of electrons. The 

term bit is an acronym of "binary digit." 

To Leibniz, the significance of binary math was more re-

ligious than practical. He regarded binary as a natural proof 

of the existence of God, arguing that the all-knowing One had 

created existence out of naught. 

Leibniz's mechanical reckoner spawned a swarm of imi-

tators. Almost every mechanical calculator built in the next 

150 years was based upon Leibniz's device. 
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The 1st mass-produced calculator appeared in 1820. The 

Arithmometer was invented by French inventor and entre-

preneur Charles Xavier Thomas de Colmar. It was dependa-

ble enough to be used in government and commercial 

enterprises. The Arithmometer was only one of hundreds of 

mechanical inventions ushered in by industrialization, by 

which the commercial world moved at a faster and harsher 

pace. 

Since the advent of logs, the tools of the trade of those who 

worked with figures were mathematical tables. These were 

indispensable for finance, science, navigation, engineering, 

surveying, and other fields. There were tables for interest 

rates, square and cube roots, hyperbolic and exponential 

functions, and mathematical constants, like Bernoulli num-

bers and the per-pound price of meat at the butcher. Many 

mathematicians devoted the greater part of their careers to 

tabular calculation. 

The need for accurate tables became a matter of state con-

cern. France had a national project for it that took 2 years, 

resulting in 2 handwritten copies of 17 volumes of tables. 

Fearing misprint, the tables were never published. Instead, 

they were stored in a library in Paris, where anyone could 

consult them. 

Despite the cost and effort that went into making mathe-

matical tables, they were invariably erroneous. Britain's nav-

igational bible was sprinkled with mistakes grievous enough 

to have ships run aground and get lost at sea. 

Mathematicians were stymied for a remedy. Then a 

young English polymath, Charles Babbage, lit upon a solu-

tion: a calculating gadget he called the Difference Engine. 

Powered by a steam engine, the Difference Engine was 

designed to calculate tables by the method of constant differ-

ences, and record the results on metal plates, from which re-

sults could be printed; thus, the gremlins of typographical 

errors could be eliminated. 

Babbage managed a proof-of-concept prototype that 

proved the feasibility of his conceptual contraption. A full-

fledged version would have required thousands of precision 

gears, axles, and other parts that were far beyond his budget. 
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In the end, Babbage managed to secure funding from the 

British government; an unprecedented move in support of 

private enterprise at the time. Through Babbage's own lack 

of diligence, along with a petty, corrupt partner, Babbage 

blew his chance. In 1842, 19 years later, the venture was of-

ficially canceled. 

If the Difference Engine had been built, it would have 

stood over 3 meters high and wide, 1.5 meters deep, and 

weighed 1.8 tonnes, filled with an intricate array of machin-

ery connected to 7 main vertical axles. Its calculations would 

have been slow and cumbersome, but still preferable to pen 

reckoning. 

In 1834, Babbage had a vision of a machine that could 

solve any mathematical problem. He produced the first work-

able design of his Analytical Engine by mid-1836, then tink-

ered with the idea off-and-on for the rest of his life; producing 

6,500 pages of notes, 300 engineering drawings and 650 

charts. It was a dream Babbage never realized. 

In its supposed heyday, the Difference Engine received 

profuse publicity. It was only a matter of time before such a 

machine was manufactured. 

Inspired by Babbage, Swedish lawyer and inventor Pehr 

Georg Scheutz and his son Edvard managed to make their 

own mechanical calculator, which they called the Tabulating 

Machine. Several difference engines were constructed in 

Sweden, Austria, the US, and England. The British Register 

General, responsible for vital statistics, had a copy of 

Scheutz's tabulator built in the late 1850s. While the ma-

chine made the work somewhat easier, it often malfunctioned 

and required constant maintenance. 

In 1884, American inventor Herman Hollerith filed pa-

tents for an electromechanical system that stored and tallied 

the perforations on punched cards. The cards were punched 

to represent particular statistics of any sort, whether census 

or inventory data. 

Hollerith powered his device with batteries. His equip-

ment was smaller, faster, simpler, and more reliable than the 

mechanical machines that preceded it. 

The US Census Bureau was impressed with Hollerith's 

work, but it first demanded a test against 2 other manual 



30 Spokes 6: The Fruits of Civilization  

systems designed by Bureau employees. Hollerith's system 

emerged triumphant, completing the job 8 to 10 times faster. 

The agency ordered 56 tabulators and sorters for the 1890 

census, paying $750,000 in rental fees (the machines were 

rented, not purchased). 

The 1880 census took 9 years to tally, at a cost of $5.8 

million. The 1890 census took less than 7 years, but the tab 

was $11.5 million. 

The benefits of automation seemed uncertain. But the 

comparison between censuses was somewhat apples-and-or-

anges. 

The 1890 census was far more comprehensive. Indeed, 

the Census Bureau estimated that it had actually saved $5 

million in labor costs. 

Hollerith's equipment did have hidden costs. Used to the 

hilt in the 1890 census, the price of providing electric power 

was considerable. 

Nonetheless, Hollerith's system became welcomed all 

over the world. By the early 1900s, the company couldn't 

keep up with demand. In 1911, Hollerith's firm merged with 

3 others to become the Computing-Tabulating-Recording 

Company, which evolved into International Business Ma-

chines (IBM). 

To facilitate the tally of the 1890 census, Hollerith de-

vised a typewriter-like counter. This was one of many me-

chanical aids to calculating and writing to be constructed. 

In 1647, English economist William Petty patented a cop-

ying machine in the form of 2 pens for double writing. What 

followed in the next 2 centuries were innumerable clumsy at-

tempts in a similar direction. 

The typewriter was first patented by English inventor 

Henry Mill in 1714. Others soon followed in a variety of con-

figurations.  

The 1st semi-practical typewriter was conceived in 1866 

by American inventor Christopher Sholes. Technical difficul-

ties delayed its manufacture until 1871. 

The typewriter's initial principal defect was that the type-

bars had no return spring, making for a tediously slow mech-

anism. Sholes fixed this with springs. 
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Initially, Sholes typewriter keys were arranged alphabet-

ically. But then Sholes came upon the idea of arranging the 

keys by combinations of most frequently used letters. After 

some study, the familiar QUERTY keyboard was born. 

The Sholes typewriter wrote only capital letters. Because 

the letters were struck on top of the platen, they could not be 

read while typing. 

The Remington company – manufacturer of guns, sewing 

machines, and agricultural equipment – took an interest in 

Sholes' typewriter, despite skepticism by one of its directors 

who could see no reason for machines to replace people for 

work which they already did well. 

Starting in 1873, the Remington Model I was the 1st type-

writer marketed in the United States. It followed on the heels 

of a writing ball-style typewriter by Danish inventor Rasmus 

Malling-Hansen in Denmark, which was sold in Europe be-

ginning in 1870. 

The 1878 Remington model offered lowercase letters. Fi-

nally, in 1887, the type-bars got mounted so that the text 

could be read while it was being typed. Hence the modern 

typewriter emerged. 

American inventor David Parmalee constructed the 1st 

arithmetic calculator with a keyboard in 1849, receiving a pa-

tent for it the next year. It was an adding machine limited to 

single-digit numbers. Results had to be written down, and 

larger numbers added separately.  

Parmalee's invention deserved skepticism as a machine 

that replaced work done better by people without it; so too 

the ones that followed it. Numerous inadequate improve-

ments followed in succeeding decades. The mechanical ad-

ders continued to require much preliminary manipulation 

and conscientious attention on the part of the operator.  

What was worse was that the machines offered no numer-

ical capacity of consequence and were tediously slow. Fur-

ther, they were fragile in use, and so gave wrong answers if 

not treated with delicacy and dexterity. 

The earliest usable adding machine was the Comptome-

ter, by American inventor and industrialist Dorr Felt. Short 

on funds, Felt constructed the prototype in a macaroni box in 

1885.  
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The Comptometer was manufactured without interrup-

tion from 1887 to the mid-1970s, with continual improve-

ments in speed and reliability. It went electromechanical in 

the 1930s. In 1961, the Comptometer became the 1st me-

chanical calculator to have an all-electric calculating engine, 

thereby being the evolutionary link between mechanical and 

electronic calculators. 

Of course, Felt was not the only one with an adding ma-

chine on the market. As a bank clerk, William Burroughs 

knew too well the inadequacies of those then-available. After 

working in his father's model-making and casting shop, 

where he met many inventors, Burroughs began tinkering. 

In 1884, Burroughs developed an 

adding machine with a keyboard, 

driven by a handle (shown). With back-

ing from local merchants, he rushed his 

machine into production in 1887. Bur-

roughs' haste proved an expensive mis-

take: the machines did not stand up to 

everyday use. Furious with himself, he 

walked into the stockroom one day and 

pitched them out the window, 1 by 1. 

In 1892, Burroughs patented an-

other calculator. This one had a built-in printer. It proved a 

winner, far outselling all others on the market. But Bur-

roughs did not live to enjoy his success. Suffering from poor 

health, Burroughs died at age 41 (1898). 

Early calculators found homes in banks, company ac-

counting departments, and universities. By the 1920s, elec-

tric ones were available: just push the buttons and results 

were printed out on neat rolls of paper. 

While decent at basic arithmetic, these calculators were 

no good at more complicated math. To up the mathematical 

ante, many Rube Goldberg contraptions were devised by en-

gineers, but they were cumbersome and expensive. 

Differential equations were widely used in scientific and 

engineering circles. Dealing with derivatives, these functions 

were well beyond the ken of the tallying machines to date. 
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Differential equations can be attacked numerically via 

variable equations, or graphically, with waves on paper sub-

stituting for numbers. Beginning in 1814, when differential 

calculus was in its infancy, all manner of clever analog gadg-

ets were devised to work these equations, targeted to specific 

applications. Scales and rules are exemplary analog instru-

ments, as contrasted to the digital devices exemplified by Na-

pier's bones, mechanical calculators, and electronic 

computers. 

Lord Kelvin realized that these special-purpose analog 

devices were the conceptual seeds of much more powerful ma-

chines. He outlined a generalized "differential analyzer" in 

an 1876 paper. But current-day technology was not up to the 

job. It was not until 1930 that a differential analyzer was 

built, and then by a man, American engineer and MIT pro-

fessor Vannevar Bush, who claimed not to have been familiar 

with Kelvin's paper. 

Kelvin himself was not all theory. In 

1873 he built a hand-cranked mechanical 

tide predictor (shown) that could calculate 

the time and height of ebb and flood tides 

for any day of the year, printing its predic-

tions on rolls of paper; an especially handy 

device for an island nation like Britain. 

Bush's differential analyzer was inelegant but it worked: 

generating solutions off by no more than 2%, which is about 

the best that could be expected from an analog calculator. 

The machine became quite influential. Copies were made in 

several countries. Bush went on to build a larger, faster elec-

tromechanical version using vacuum tubes in the early 

1940s. 

But Bush and his MIT colleagues were barking up the 

wrong tree: analog devices were inherently ill-suited to accu-

rate, versatile computing. Although special-purpose analog 

calculators continued to be built, the future was digital. 

Spurred by the success of the differential analyzer, by the 

mid-1930s a handful of engineers and scientists in the US, 

England, and Germany gave serious thought to the mathe-

matical potential of machines. Although they occasionally 
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wrote articles or spoke at conferences, these men worked in 

relative isolation.  

Babbage's flexible Analytical Engine was all but forgotten 

except in Britain, and even there its underlying principles 

had to be rediscovered. The first to do so was young German 

civil engineer and inventor Konrad Zuse. 

Zuse hated the mathematical drudgery of his chosen pro-

fession and did not relish the prospect of a career hunched 

over a desk twiddling equations. He also had the good sense 

to realize that another mechanical calculator with endless 

gears wasn't the answer. 

After carefully considering the problems with mechanical 

calculation, Zuse made 3 conceptual decisions that put him 

on the right track. 1st, he decided that the only effective so-

lution was a universal calculator, which meant the same flex-

ibility that Babbage had envisioned. 

2nd, Zuse decided to use binary notation: an unobvious 

inspiration that ensured his success. The irreducible econ-

omy of binary meant that the calculator's components could 

be as simple as on/off switches.  

Larger-base number systems, such as decimal, could be 

had by ganging binary bits together to form words. An 8-bit 

word can represent numbers up to 256 (0–255). 

Decimal had long been regarded as a God-given sine qua 

non until Zuse and a few other contemporaries independently 

questioned the axiom. Even Babbage had left the decimal as-

sumption unquestioned; but then, the gears of the analog An-

alytical Engine were ideally suited to the decimal system. 

3rd, Zuse devised a simple set of operating rules to govern 

his hypothetical machine's internal operations. Although he 

did not realize it at the time, Zuse's rule set was a restate-

ment of Boolean algebra, named after English mathemati-

cian George Boole, who developed Boolean logic in papers 

published in 1847 and 1854. 

Before Boole's publications, formal logic was a sleepy dis-

cipline, with little to show for thousands of years of cogita-

tion. Its most powerful analytical tool was the deductive 

syllogism, which Socrates had sussed. 

Most logicians criticized or simply ignored Boole's work; 

but mathematicians were interested. Babbage called Boole's 
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1854 paper "the work of a real thinker." In 1910, English lo-

gicians Alfred North Whitehead and Bertrand Russell ex-

tended Boolean algebra into the formidable intellectual 

system of symbolic logic. 

Binary logic is relatively simple, and easily realized in 

electrical circuits. 2 bits may be operated upon via AND, OR, 

and NOT, which are the most basic of many Boolean algebra 

operations. 

The tables below show how these Boolean operators work. 

The contemporary symbols for the operations are also shown. 

Zuse graduated with a civil engineering degree in 1935. 

That same year he began working on the Z1, his 1st com-

puter. Zuse finished the Z1 in 1938. It had ~30,000 metal 

parts, and never worked well owing to poor mechanical pre-

cision. 

Zuse was given the resources by the German military to 

build the Z2, which he completed in 1940. The Z3 followed in 

December 1941. It was the first fully operational electrome-

chanical computer. 

Confident that the war would be won within 2–3 years, 

the military had refused to fund the Z3. Instead, an aerody-

namics research institute indirectly funded the project.  

No one was interested in a general-purpose computer. 

But the institute was interested in Zuse solving a problem 

regarding airplane wing flutter; thus Zuse got the resources 

he needed. 

The Z3 could perform mathematics rather quickly, in-

cluding finding square roots; but it could not execute condi-

tional jumps, which are fundamental to logic processing. 
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None of Zuse's machines could jump, as the idea never oc-

curred to him. 

Zuse built a faster and more powerful Z4 toward the end 

of the war. It was discovered by the Allies when they invaded 

Germany, but Zuse and his computer were not deemed a se-

curity risk, so he was allowed to go his way. 

In 1950, the Z4 was installed in a Zurich technical insti-

tute: the only mechanical calculator of consequence in conti-

nental Europe for many years. 

The core component of Zuse's calculators had been tele-

phone relays. A relay is an on/off electromechanical switch, 

consisting of an electromagnet that closes an electric circuit 

when power is applied. 

Zuse knew of vacuum tubes, which could switch on and 

off thousands of times a second; but they were hard to come 

by in Germany, and expensive, so Zuse stuck with relays. 

A vacuum tube (aka electron tube or just tube) is a device 

that controls electric current between electrodes in an evac-

uated (airless) chamber. British electrical engineer and phys-

icist John Ambrose Fleming invented the vacuum tube in 

1904. American inventor Lee de Forest extended Fleming's 

idea in 1906 to create a tube called a triode: 3 electrodes in-

side a tube. The triode's ability to act as an amplification de-

vice was not discovered until 1912. 

The triode revolutionized electrical technology, creating 

the field of electronics. It allowed transmission of sound via 

amplitude modulation (AM), replacing weak crystal radios, 

which had to be listened to with earphones. 

Tubes made transcontinental telephone service possible 

(1915). Radio broadcasting began in 1920 in the wake of tri-

ode technology. Triodes were the key to public address sys-

tems, electric phonographs, talking motion pictures, and 

television. 

Putting 2 vacuum tubes together, British physicists Wil-

liam Eccles and F.W. Jordan invented the flip-flop circuit in 

1918. Coupled with a clock, flip-flops were the means to im-

plement Boolean logic in a synchronous fashion. This was the 

essence of the computer hardware that evolved with tubes. 
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Contemporaneous to Zuse were 3 American computing 

projects. The first started in 1937, when American mathe-

matical physicist George Stibitz, a Bell Labs researcher, tink-

ered with telephone relays and came up with an 

electromechanical adder in his kitchen.  

In 1938, Claude Shannon, a student at MIT, published a 

thesis on implementing symbolic logic via relay circuits. 

Upon graduation, Shannon went to work at Bell Labs. 

Bell was a telephone company, and its management saw 

no future in computation machines. Experiments in calcula-

tors by its researchers went nowhere. 

American physicist Howard Aiken wrote a proposal for an 

electromechanical calculator in 1937. His motivations were 

similar to Zuse, but Aiken did not have as much savvy, nota-

bly in comprehending the advantage of using a binary sys-

tem. 

After being turned down by one calculating machine com-

pany, Aiken got the ear of IBM president Thomas Watson Sr. 

through a personal reference by a Harvard professor. Aiken 

taught math at Harvard at the time. 

Watson was interested enough to take Aiken's ideas and 

run with it, though he doubted there was much of a future for 

scientific computing equipment, which is how he viewed the 

project.  

I think there is a world market for maybe 5 computers.  

~ Thomas Watson Sr. in 1943 

The result – the Mark I – was an electromechanical cal-

culator working in decimal. A technological dead end, the 

Mark I was born a one-off dinosaur at the enormous cost of 

$500,000. 

Once the 2nd World War started, the US military wanted 

ballistic firing tables, so that gunners might properly aim 

their weapons. It started with mostly women college gradu-

ates as calculators. 

In 1942, American physicist John Mauchly, a teacher at 

the University of Pennsylvania's Moore School of Electrical 

Engineering, wrote a paper about using vacuum tubes to 

build an "electronic computer." The paper was poorly orga-

nized, conceptually unsophisticated, and badly written. It 
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mostly wildly speculated about the hypothetical potential 

calculation speed of such a device. 

Mauchly's paper was sent to the US ordinance depart-

ment as a proposal, where it was ignored. But then the tra-

jectory calculation backlog became so bad in 1943 that the 

military decided to gamble on Moore to build an electronic 

calculator. 

200% over budget and too late to help with the war effort 

– 3 months after the Japanese had surrendered, ending WW2 

– the ENIAC was operational. The beast was nearly 3 meters 

high, 24 meters long, and weighted 27 tonnes. 

Working ENIAC was tedious in the extreme. It took many 

hours of setting thousands of switches and cables to set up. 

ENIAC could not store programs or remember more than 20 

10-digit numbers, so problems had to be solved in stages. 

Further, the machine required constant maintenance, as vac-

uum tubes frequently blew. 

Having experimented with nuclear death during WW2, at 

the cost of 2 Japanese cities, atomic bombs became a US mil-

itary obsession as the cold war began heating up. Getting a 

gauge on how to destroy cities by crushing atoms required 

serious number-crunching. 

The military called on Moore for the next generation of 

calculator. This go-round the team had the wits to go with 

binary rather than decimal, thanks to a new consultant, es-

teemed Hungarian American mathematician John von Neu-

mann. The Moore School would never have gotten the 

contract had it not been for Neumann, as the ENIAC had 

been a fiasco. Neumann lent a badly needed air of legitimacy. 

As it was, a contract to build a new computer was inked 

in April 1946 at an initial budget of $100,000. The machine – 

EDVAC – was not completed until 1952, at a cost just under 

$500,000.  

EDVAC weighed 7.85 tonnes and covered 45.5 m2 of floor 

space. Staffed by 30 people at a time, the computer worked 

reliably. 

Computers in the future may weigh no more than one-and-a-
half tonnes. ~ Popular Mechanics in 1949 
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Though others contributed, von Neumann was the chief 

architect of how the machine was to be structured. Besides 

using binary, the design included a central processor operat-

ing serially using random-access memory. This came to be 

known as von Neumann architecture, and would dominate 

how computers were built from then on. 

ENIAC had operated on all bits in a word in parallel, 

which is faster but more difficult to build; hence, von Neu-

mann suggested serial processing. In contrast, RAM allowed 

data and programs to be stored and retrieved from memory 

directly (rather than serially). This considerably enhanced 

performance. 

The Brits were not idle. English scientists were invited to 

see ENIAC as the war drew to a close. 

The British government bungled its first attempt to build 

a computer, thanks to bureaucratic indecision and miscom-

prehension. 

Victoria University of Manchester began work on a com-

puter in August 1948 and had its first working version by 

April 1949. The Manchester Mark I was the 1st fully elec-

tronic computer that could store a program in memory. 

Computers proliferated in the 1950s. Most projects ran 

over budget and came in late. 

Unsurprisingly, given their cost, a handful of business 

machine corporations held the market for the behemoth com-

puters at the time. One came to dominate them all: IBM. But 

it was the phone company that came up with the innovation 

that would revolutionize computer technology. 

Besides being expensive, the tubes that comprised early 

computers were fragile, cumbersome, gluttons for electricity, 

and gave off a lot of heat that required dissipation. They 

were, in short, a severe constraint on computing capacity. 

The rise of quantum mechanics in the 1920s gave scien-

tists a theoretical tool for the tremendously tiny. Semicon-

ductors were given a look, but the research did not get very 

far. 

Semiconductors are highly susceptible to contamination 

which alters their electrical characteristics. It was not until 

the early 1930s that semiconductor substrates – pure silicon 
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and germanium – were available. Even then, scientists re-

mained baffled by the behavior of semiconductors, especially 

its ability to convert light into electrical power. 

In July 1945, Bell Labs decided to get serious about re-

searching the potential for solid-state physics. The phone 

company was a huge consumer of tubes and mechanical re-

lays, which were not entirely reliable and a maintenance 

headache. 

Bell's research team was headed by American physicist 

William Shockley Jr. The team made good progress. In 1947, 

they invented the transistor, which became the keystone in 

semiconductor-based computing. 

The 1st commercial transistorized computer appeared a 

decade later, in 1957. Compared to tubed predecessors, the 

new generation was superior in every way: smaller, faster, 

more reliable, powerful, and economical. 

The next step was miniaturization. English electronics 

engineer Geoffrey Dummer was first to conceive of integrated 

circuits. 

With the advent of the transistor and the work on semicon-
ductors generally, it now seems possible to envisage electronic 
equipment in a solid block with no connecting wires. The block 
may consist of layers of insulating, conducting, rectifying, and 
amplifying materials, the electronic functions being connected 
directly by cutting out areas of the various layers. ~ Geoffrey 
Dummer in May 1952 

Dummer could not drum up support for his vision from 

the British government; but the US Defense Department was 

very interested. It had spent gobs of money in that direction 

but came up empty-handed. 

Working for private corporations, American electrical en-

gineer Jack Kilby and American physicist Robert Noyce cre-

ated the first integrated circuits (ICs) in 1958. They only 

contained a few transistors.  

Yeah, microchips,… but what are they good for? ~ IBM sen-
ior engineer in 1968 

From there the race was on to pack more circuits in and 

get the cost down. It was not until the mid-1960s that ICs 

became reasonably priced; only then did they begin to appear 
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in commercial computers. By 2007 an IC might contain tens 

of billions of transistors. 

IBM faced a dilemma about the same time as the IC was 

making its debut. The company had a burgeoning product 

line, filled with incompatible machines: a program written on 

one IBM computer would not work on another. Nor were 

hardware peripherals, such as printers, compatible. 

After extensive internal debate, the decision was to con-

struct a comprehensive family of compatible computers. The 

plan was sound from a strategic perspective, but risky in 

every way. It rendered IBM's extant product line obsolete. It 

involved betting on ICs at a time when they were unproven. 

It meant an enormous effort at tremendous expense. And it 

would let other companies introduce compatible equipment 

and software, thus cutting into IBM's sales. 

It was roughly as though General Motors had decided to scrap 
its existing makes and models and offer in their place one new 
line of cars, covering the entire spectrum of demand, with a rad-
ically redesigned engine and exotic fuel. ~ Fortune magazine 
in September 1966 

4 years and over $5 billion later, IBM introduced the Sys-

tem/360. The venture was an enormous success, propelling 

IBM to even greater dominance. So much so that the US De-

partment of Justice (DOJ) sued IBM in 1969 for being an il-

legal monopoly. The suit dragged on for 13 years before the 

DOJ dropped it, concluding that its accusation was "without 

merit." 

From the 1950s, innumerable computer companies went 

in and out of business. A quarter century later, the identical 

dynamic happened to software companies. 

 Digital Equipment Corporation  

In the mid-1950s, 2 MIT computer engineers – Ken Olsen 

and Harlan Anderson – noticed that students preferred a 

stripped-down computer at an MIT lab to a much faster IBM 

machine there. The difference was interactivity. The IBM 

machine required punching cards and waiting for a printout. 

In 1957, Olsen and Anderson managed to secure enough 

funding to sell computer boards suitable for laboratory work. 
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From that humble beginning, Digital Equipment Corpora-

tion (DEC) grew to be the 2nd-largest computer corporation 

in the world, behind IBM. DEC did so by focusing on rela-

tively inexpensive, interactive minicomputers, which, later 

on, could rather readily be networked together.  

The line of computers that earned DEC's keep was the 

PDP, an acronym for Programmed Data Processor. New PDP 

models sprang up as hardware capabilities progressed. 

DEC's primary customer base comprised the scientific 

and engineering communities. Only from the mid-1970s did 

the company begin to attract corporate computing customers. 

A DEC research group produced a prototype microcom-

puter in 1974, before the debut of the MITS Altair, which be-

came the 1st successful hobbyist computer. Olson, the head 

of DEC, was unimpressed. 

There is no reason anyone would want a computer in their 

home. ~ Ken Olson in 1977 

Only after IBM had successfully launched its PC did DEC 

take an interest in personal computers. Even then, its efforts 

were half-hearted and even insensible. DEC's disk drives 

were incompatible with other computers, and its proprietary 

media too expensive. 

The personal computer will fall flat on its face in business.  
~ Ken Olson in 1985 

But it was DEC that was falling flat on its face. The com-

pany went defunct in 1998. DEC failed to adjust to the era of 

personal computers. 

Olson's observational power and keen ambition in youth 

succumbed to the smug arrogance of an aging corporate titan. 

The irony was that Olson failed to recognize in PCs the same 

market opportunity for lower-cost computing that was the 

raison d'être of DEC's origination. 

 Personal Computers  

Microprocessors cut their teeth in programmable elec-

tronic calculators; then came the Intel 8080 microprocessor, 

released in April 1974. The 8080 was powerful enough to run 
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a computer: so thought American electronics engineer Ed-

ward Roberts, who designed the Altair 8800 computer around 

the 8080 for his hobby-kit company: Micro Instrumentation 

and Telemetry Systems (MITS). 

The Altair got off to a roaring start, thanks to fanfare 

from the editors of Popular Mechanics magazine, which pro-

claimed in its January 1975 issue: 

For many years, we've been reading and hearing about how 
computers will one day be a household item. Therefore, we're 
especially proud to present in this issue the first commercial 
type of minicomputer project ever published that's priced 
within reach of many households – the Altair 8800, with an un-
der-$400 complete kit cost, including cabinet. 

The Altair was the 1st microcomputer popular with hob-

byists. Many others had been marketed before. Below is a 

brief survey of a few.  

The 1st hobbyist calculator was Simon: a $600 kit for 

building a "mechanical brain" that could perform simple 

arithmetic.* Simon was first described by Edmund Berkeley 

in his 1949 book: Giant Brains, or Machines That Think. In-

structions on how to build Simon were published in a series 

of articles in Radio Electronics in 1950–1951. 

Simon is of no great practical use. It knows only the numbers 
0, 1, 2, and 3. ~ Edmund Berkeley 

Italian typewriter and electronics manufacturer Olivetti 

introduced the Programma 101 at the 1964 New York 

World's Fair. It was a desktop programmable calculator, with 

a keyboard, printer, and magnetic card reader.  

Over 44,000 Programma 101 units were sold worldwide, 

90% of them in the US. 10 went to NASA, where they were 

used to plan the Apollo 11 landing on the Moon. The initial 

US price was $3,200 ($25,000 in 2015 dollars). 

If she can only cook as well as Honeywell can compute.  

~ Neiman Marcus advertisement for the Kitchen Computer 

The first time a computer was offered as a consumer prod-

uct, none sold. In 1966, Honeywell introduced the Kitchen 

Computer, which included a cutting board. It was promoted 

 
* $600 in 1950 = $5,910 in 2015 dollars. 
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as an extravagant gift at high-end department store Neiman 

Marcus for $10,600 ($77,650 in 2015 dollars). 

Weighing over 45 kg, the Kitchen Computer was adver-

tised as useful for storing recipes. But that would have been 

quite a chore for the average housewife. Learning the user 

interface, which was a gaggle of toggle switches, required 

taking a 2-week course, which was included as part of the 

price. 

 Xerox PARC  

The photocopier company Xerox established its 2nd re-

search center in 1969 at Palo Alto, California. Within a very 

few years the Palo Alto Research Center (PARC) did more to 

advance computing technology than any entity at the time: 

inventing the laser printer; Ethernet, which became the 

standard in networking hardware; and, most significantly, 

the graphical user interface (GUI) that became the universal 

way of interacting with computers. Commercially, these were 

philanthropic works. 

PARC developed the Xerox Alto microcomputer in 2 years 

(1972–1973). It was the 1st computer with a graphical user 

interface. To point at an object on the screen, a user moved a 

mouse, another PARC invention. 

The Alto was not a commercial product. Xerox did not 

take advantage of PARC's computing inventiveness until 

1981, when it released the Star workstation. 

The Xerox Star was meant as an office system, not a 

standalone computer. A basic system cost $75,000 ($196,000 

in 2015 dollars), and $16,000 ($41,775 in 2015 dollars) for 

each additional workstation. 

The Star price tag was too hefty, and Xerox did not know 

how to market computers. More damningly, the Star was not 

reliable, and had a slow file system. Saving a sizable docu-

ment could take minutes. Only 25,000 units were ever sold. 

 

Hobbyists were having a heyday with microcomputer sys-

tems in the mid-1970s. There were clubs devoted to them, 

where enthusiasts shared knowledge and traded tips on the 

latest advances. 
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 Apple Computer  

Design is not just what it looks like and feels like. Design is 
how it works. ~ Steve Jobs 

American electronics engineer and pro-

grammer Steve Wozniak (known as Woz) met 

Steve Jobs through a mutual friend in 1971. 

They quickly became friends, sharing an in-

terest in pranks and electronic devices.  

 Woz designed a blue box: an electronic 

device that emitted tones which let a user 

make free telephone calls. Jobs briefly put the 

two in business selling the illegal boxes to 

friends and acquaintances. 

In 1975, Woz joined the local Homebrew Computer Club. 

His enthusiasm drove him to design a simplified version of 

the Altair. 

Woz demonstrated his board to an appreciative computer 

club audience. Woz then tried to interest Hewlett-Packard 

(HP), where he worked as a programmer, into making an in-

expensive microcomputer. HP, which was doing well in the 

electronic calculator business, demurred. 

Once again, the entrepreneurial Jobs cajoled Woz into go-

ing into business. Woz's board became the Apple I, which sold 

for $666 in 1976 ($2,778 in 2015 dollars). 

The Apple II followed in 1977, with the low-end model 

priced at $1,298 ($5,085 in 2015 dollars). That it had color 

capability spurred its popularity among enthusiasts. 

The Apple II began to penetrate the business market from 

1979 thanks to VisiCalc, a spreadsheet program. 

Apple followed its model II with the Apple III in 1980. It 

was a bust.  

The initial manufacture of the Apple III had loose con-

nectors that made the machine flaky. Apple issued a recall 

and fixed the problem, but by then the damage to the III's 

reputation had already rendered the computer a dinosaur. 

In 1979, Jobs visited PARC and saw the Xerox Alto. In an 

echo of young Ken Olsen's appreciation of the value of inter-

activity, Jobs was immediately convinced that the future of 

computers lay in graphical user interfaces (GUIs). 

original  

Macintosh 

computer 
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Apple began development of the Lisa computer, named 

after Steve Job's daughter, in 1978. After Job's epiphany at 

PARC, Lisa took on a GUI. 

Infighting forced Jobs out of the Lisa development group 

in September 1980, so he went to work on the separate, low-

end Macintosh project. 

Lisa came out in 1983. It had a stiff price tag: $9,995 

($23,817 in 2015 dollars). But the real problem was inside the 

box. Though it had advanced features, the Lisa OS sucked 

the power out the computer's microprocessor, leaving it slug-

gish. It did not help that Jobs announced that Apple would 

soon be releasing a superior system that would not be com-

patible with the Lisa. 

The Macintosh was launched in 24 January 1984 with a 

TV commercial during the Super Bowl football game that 

proclaimed that "1984 won't be like 1984." The reference 

linked the dominance in the personal computer market of the 

IBM PC with George Orwell's 1949 novel of totalitarian dys-

topia titled Nineteen Eighty-Four. 

The Macintosh was originally priced at $2,495 ($5,699 in 

2015 dollars). It was an expensive personal computer com-

pared to the competition, but the only affordable PC at the 

time with a snazzy graphical user interface. 

Macintosh's GUI was imitated by Microsoft a year later 

with its ersatz Windows OS. But then, the Lisa and Mac had 

both been spawned in the spirit of the Xerox Alto. 

Apple tried to ensure usability in the programs developed 

for the Mac by publishing Inside Macintosh, an extensive 

multi-volume set of guidelines on application programming 

and user presentation. 

Macintosh ushered in the era of desktop publishing and 

computer graphics for everyman. Unsurprisingly, the Mac 

failed to displace the IBM PC as microcomputer of choice for 

business.  
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 IBM PC  

Is IBM just another stodgy company? ~ BusinessWeek in 
1979 

The spurious antitrust suit 

against IBM took its toll on the com-

pany. With its management defensive, 

IBM's share of the overall computer 

market declined from 60% in 1970 to 

32% in 1980.  

IBM missed the minicomputer 

market during the 1970s; the niche 

that DEC created and came to dominate. 

By 1980, the personal computer industry was vibrant, 

with the likes of the Apple II, Commodore PET, Atari, Radio 

Shack's TRS-80, and various computers running the CP/M 

operating system (OS). 

In developing its PC, IBM made some radical departures 

from its typical way of doing business. Most fatefully, it used 

commercial off-the-shelf parts. This meant that other compa-

nies could create clones. 

IBM choose the 8088 processor over the superior 8086 be-

cause Intel offered a better price and could provide greater 

volume. 

IBM also outsourced the operating system. Under the 

contract between IBM and Microsoft, the OS provider, this 

guaranteed that there would be clones, as Microsoft could li-

cense its operating system to others. From the get-go, Bill 

Gates was determined to make MS-DOS an industry stand-

ard. 

It took a skunkworks division in Boca Raton, Florida only 

1 year to develop the IBM PC, which was publicly announced 

12 August 1981. The low-end configuration was offered at 

$1,565 ($4,806 in 2015 dollars). The pricing made it clear that 

IBM was aiming at the Apple II: and it hit the bullseye. The 

IBM PC was immediately successful: welcomed into busi-

nesses everywhere, as it had the IBM imprimatur – so much 

so that by 1984, Apple could allude to Orwell and everyone 

knew whom the reference was to. 
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The success of the IBM PC hatched an innumerable num-

ber of clones. This made the PC an industry standard: some-

thing which delivered dominance to Microsoft while 

eventually denying it to IBM. 

In 2004, IBM sold its PC business to Lenovo, a Chinese 

company. By 2015 IBM had divested itself of computer hard-

ware manufacture, having positioned its diminished self as a 

software services company; though, thanks to its historic 

brand name, more than just one in the crowd. 

 Software  

Complexity kills. It sucks the life out of developers, it makes 
products difficult to plan, build, and test, it introduces security 
challenges, and it causes end-user and administrator frustration. 
~ American software entrepreneur Ray Ozzie 

Computer hardware is to software what the brain is to 

the mind: a substrate for processing data. Unlike all other 

technologies, in its ethereality software is entirely a product 

of the mind. Thus, software typifies human intellectual acu-

men like no other technology. 

Program designers tend to think of the users as idiots who 
need to be controlled. ~ American computer scientist John 
McCarthy in 1983 

Anyone who has extensively used a desktop computer – 

regardless of operating system – has noticed that application 

programs regularly sport somewhat different user interfaces. 

This owes to modern operating systems, which do offer com-

mon services, such as windowing, but do not make it easy for 

programmers to create consistent user interfaces. 

The application programming interface (API) to the oper-

ating system renders creating programs an onerous and 

problematic process. Thus, application programmers find by-

passing the OS to create their own feature set advantageous 

from both development and maintenance standpoints. 

A more telling aspect of modern software is a randomness 

in robustness. Beyond usability issues lies glitches which be-

devil users with crashes: programs abruptly terminating. 
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If debugging is the process of removing bugs, then program-
ming must be the process of putting them in. ~ Dutch computer 
scientist Edsger Dijkstra 

Finally, the greatest evil that may infect a computer is 

malware: malicious software that steals data, deletes files, 

takes control, or otherwise compromises peace of mind in 

computing.  

A modest but continually annoying aspect of this malevo-

lence is junk email. Over 90% of the email sent is spam (a 

common slang term for junk email). 

Crashes, inconsistent GUIs, malware, and spam are all 

failures of operating systems to adroitly provide for applica-

tion programmers and computer users. 

Microsoft has never been able to deliver a decent Win-

dows OS to its customers. The microprocessor you have may 

be a supercomputer on a chip, but Microsoft Word can't keep 

up with your typing. Configuring home networking is ridicu-

lously vexatious; in Windows 10 it is practically impossible. 

Bugs, crashes, inadequacies, and inconveniences remain rife. 

Windows 10, the latest OS, frequently crashes and must re-

start itself. Windows 10 is so fundamentally unstable that it 

often commits suicide within months, refusing to load itself 

and run. Microsoft updates to its OS often cause the death. 

Since the release of Windows 8 in 2012, Windows has had 

something of a schizophrenic interface at both the user and 

programmer levels, with 2 incompatible application types. 

The newer "apps" are rinky-dink compared to traditional ap-

plications, which are much more difficult to develop because 

of Windows' arduous API. Microsoft has never been adept at 

software design. 

In the 21st century, Apple has done better by dint of lay-

ing its imitative GUI over a Unix core, after the company 

failed to create a dependable foundation on its own after over 

a decade of effort. The Macintosh OS was solidified by using 

a well-worn kernel that was already a quarter century old 

when adopted by Apple. Like Microsoft, Apple codes its OS in 

C++. 
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The cause of the software malaise rampant throughout 

the industry can be traced to a single source: the language in 

which computers are programmed. 

These problems appear disparate and systemically un-

solvable only because of the failure to comprehend the im-

portance of language as the foundation for a holistic 

computing solution. The history of programming languages 

illustrates the dilemma and shows software developers as 

dolts failing to see the forest for the trees. 

Give a man a program, frustrate him for a day. Teach a man 
to program, frustrate him for a lifetime. ~ Pakistani programmer 
Waseem Latif 

 History  

That language is an instrument of human reason, and not 
merely a medium for the expression of thought, is a truth gen-
erally admitted. ~ George Boole 

All the early computers were maddeningly difficult to pro-

gram. They were instructed using machine code, which com-

prised binary words that were an inhuman language that the 

computer processor could understand. 

The first computer language was assembly, developed by 

English computer scientist Alan Turing in 1948. Comprising 

numbers, letters, symbols, and short instruction words, such 

as "add," assembly language was one small step, and yet one 

giant leap, away from machine code. An assembler translated 

an assembly-language program into machine code, which 

then had to be entered into the computer by an operator. 

Most early computers were employed for scientific and 

engineering calculations, which involved large numbers. To 

manage these numbers, programmers used a floating-point 

system. Computers could not automatically perform floating-

point operations, so programmers had to spend considerable 

time writing subroutines (program segments) that instructed 

machines on these operations. 

In 1951, American computer programmer Grace Hopper 

conceived of a compiler which could translate human-reada-

ble program instructions into machine-readable binary. Hop-

per was one of the very few women pioneers in computing. 
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Fortran was developed by IBM in the mid-1950s. The lan-

guage aimed at easy translation of mathematical formulas 

into code. It was the first compiled language. Immediately 

popular, computer manufacturers added their own customi-

zations to Fortran, resulting in a plethora of variants. This 

typically resulted in programs tied to a specific manufactur-

er's machine.  

It was not until 1966 that Fortran was standardized. 

Even then, variants continued to spring up like weeds. New 

standards were set in 1977, 1990, 2003, 2008 and 2015. 

Hopper advocated machine-independent programming 

languages, and was instrumental in the development of 

COBOL, beginning in 1959. COBOL was one of the first high-

level programming languages.  

COBOL was something of a reaction to Fortran, which was 

oriented toward scientific and engineering work. COBOL was 

created as a portable, English-like language for data pro-

cessing at the behest of the US Defense Department, which 

then insisted that computer manufacturers provide it. 

Whence COBOL's widespread adoption by businesses, despite 

it being verbose and not well-given to structured program-

ming. The common result was monolithic, incomprehensible 

programs that were exceedingly difficult to maintain. 

The use of COBOL cripples the mind; its teaching should there-

fore be regarded as a criminal offense. ~ Edsger Dijkstra 

Early languages such as Fortran and COBOL were ineptly 

designed. As programs written in these languages grew in 

complexity, it became increasingly difficult to debug them, 

improve or add features, or keep them working when the 

hardware changed. 

There were no theoretical constructs surrounding com-

puter programming in the 1950s: just languages that arose 

ad hoc from concepts of getting a certain type of job done.  

COBOL is exemplary. The driving idea behind COBOL was 

to make programs easier to read. Despite the fond hope that 

readability would mystically engender maintainability, that 

was not the case. 

Fortran and COBOL both had a GOTO statement that al-

lowed one-way transfer of control to a distant line of code. 
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The jump capability of GOTO, which was a convenient 

shortcut for programmers trying to get their programs work-

ing as quickly as possible, decimated longevity, as it made 

programs unmaintainable. 

The quality of programmers is a decreasing function of the 
density of go to statements in the programs they produce. The 
use of the go to statement has disastrous effects. The go to state-
ment should be abolished from all "higher level" programming 
languages (i.e. everything except, perhaps, plain machine 
code). ~ Edsger Dijkstra in 1968 

Via the widespread use of GOTO, Fortran became deri-

sively known as a "write-only" language: that is, not reada-

ble. Its ability to produce "spaghetti code" in the hands of 

inept programmers begat structured programming lan-

guages. 

Procedural integrity was the 

paradigm behind structured pro-

gramming. This regime aimed at 

code clarity. It was a reaction to 

the damage caused by GOTO. 

The 1960 ALGOL programming language supported block 

structures, delimited by begin and end statements. ALGOL 60 

was the first language that offered localized lexical scope for 

variables and nested function definitions: in short, execution 

compartmentalization. 

Fortran and COBOL eventually acquired structured pro-

gramming facilities. So did BASIC, Fortran's simple offspring. 

In forcing programs to execute in a purely procedural 

manner – one routine calling another, with a subroutine re-

turning to its caller upon its completion – structured pro-

gramming centered on control structures.  

Control structure is merely one simple issue, compared to 
questions of abstract data structure. ~ American software sci-
entist Donald Knuth 

ALGOL did not address an equally important issue: local-

izing data to help ensure its integrity. But its offspring did. 

The stellar spawn of structured programming was Pascal, 

designed by Swiss computer scientist Niklaus Wirth in 1968–

1969. Intended as a language to teach programming, Pascal 

Code maintenance 

drove software  

language evolution. 
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was something of a straitjacket in its inflexibility. Pascal had 

strong typing: data types were confined to their declared us-

age unless explicitly converted. 

Steve Jobs was so impressed with Pascal's programming 

etiquette that he made it the interface language of choice for 

the Macintosh computer. (For efficiency, the Mac OS itself 

was programmed in assembly language.) 

From a historical perspective, Pascal was a dead end the 

day of its conception.* Instead, the descendants of ALGOL 

which bore the most fruit were a throwback toward assembly, 

and a new concept altogether: objects. 

While Wirth was pondering how to impart proper pro-

gramming practices to pupils, American programmer Dennis 

Ritchie had more nuts-and-bolts concerns. 

 Unix & C  

C is quirky, flawed, and an enormous success. ~ Dennis 
Ritchie 

In the 1960s Dennis Ritchie and other AT&T program-

mers were working on scaling up Multics, a time-sharing OS, 

to handle thousands of users. The Multics project started as 

a cooperative project between MIT, GE, and Bell Labs 

(AT&T) in 1964 to develop a scalable time-sharing OS. Bell 

pulled out in 1969 because the project could not produce an 

economically useful system. 

Ritchie and fellow programmer Ken Thompson, another 

Multics émigré, cast about for other work. Thompson got to 

developing a new file system for the PDP–7, the then-current 

DEC machine. Ritchie joined in.  

Written in assembly language, their nascent OS was 

dubbed Unix by co-worker Brian Kernighan as a sarcastic 

reference to Multics. 

When the PDP–11 came out in 1970, Ritchie put Unix on 

it by tweaking the old PDP–7 assembler for the new machine. 

Meanwhile, Thompson worked on B, a compiler-writing tool 

 
* Wirth did not think Pascal's paradigm a dead end. He went on to 

design Modula 2 (1977–1985) and Oberon (1986): Pascal 

descendants that were instantly celebrated and quickly forgotten. 
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he derived from BCPL, which had been written by English 

programmer Martin Richards in 1966.  

B and BCPL were essentially shortcuts for writing in as-

sembly. B was typeless (without data types, except for a non-

descript word), and so fell short of being a programming 

language like ALGOL. 

In 1972, Ritchie added data types to B to better support 

the PDP–11 architecture. Thus arose the language called C, 

which was imaginatively named by being the letter in the al-

phabet following B. 

Ritchie then rewrote Unix in C; in the process beefing up 

C a bit by affording flexibility with data types and structures.  

What came out of it was one of the first OS kernels writ-

ten in a language other than assembly, and a language that 

hewed close to assembly while offering high-level constructs 

associated with structured programming. This spelled both 

efficiency and portability: a sure winner in the programming 

world. In the decades that followed C became the predomi-

nant programming language. 

AT&T licensed Unix to outside parties from the late 

1970s, leading to numerous variants of the OS.  

Finnish American programmer Linus Torvalds wrote 

Linux for the prevalent Intel x86 chip architecture beginning 

in 1971. He started the project out of frustration about licens-

ing restrictions on the Unix variant (MINIX) available to him 

at the time. Linux became a popular operating system with 

everyone from hobbyists to the supercomputing community 

because it was distributed gratis. Linux was also adopted by 

corporations, including IBM and Hewlett-Packard. 

Apple ported its Macintosh operating system to Unix in 

2002, its GUI a gloss over a proven bedrock. Apple did this 

after dissatisfaction with a native OS rewrite from assembly 

to C++, an object-oriented descendant of C. 

The computing world runs on 2 basic operating systems: 

Windows and Unix. Android, the mobile-device OS developed 

by Google, is based on the Linux kernel. 



 Technology 55 

 Object Orientation  

Object-oriented programming offers a sustainable way to 
write spaghetti code. It lets you accrete programs as a series of 
patches. ~ English programmer Paul Graham 

In the early and mid-1960s Norwegian software scientists 

Ole-Johan Dahl and Kristen Nygaard took ALGOL and gave it 

an object orientation. The result was Simula 67. As its name 

suggests, Simula was designed to run simulations. 

 Concepts  

Object-oriented programming (OOP) is a paradigm for de-

veloping software programs. The keystone of object orienta-

tion is encapsulation: making everything modular. In an 

object-oriented program, data is encapsulated in objects. 

Objects are of a particular class. Each class typically de-

fines 1 or more behaviors. An object is an instance of a class. 

The term behavior has many synonyms: procedure call, 

routine, function, method, and message. They all amount to 

the same thing: code which does something with or to data; 

in the instance of OOP, data within an object. 

A principal paradigm in object-oriented programming is 

inheritance: the ability of one class (a subclass) to employ (in-

herit) the behaviors of another class (the superclass of the 

subclass). The advantage of inheritance is its potential for re-

usability: what the GOTO statement aimed at, but without 

creating spaghetti code. 

In OOP, base classes establish basic functionality, which 

subclasses inherit to further refine 

and specialize upon. For example, 

cWindow might provide the ability 

to display objects within an on-

screen window. cWindow would be a 

superclass to cGrowWindow, a sub-

class that sports a grow behavior to 

enable resizing a window via a size 

box. cZoomWindow would then be a subclass to cGrowWin-

dow; adding a zoom behavior that puts a zoom box icon on the 

window title bar which, when clicked upon, zooms a window 

to have it fill the screen. The zoom box acts as a toggle: if a 
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window is already full screen, clicking the zoom control 

resizes the window back to take only the part of the display 

that it did before being zoomed. 

Another important facet to object orientation is polymor-

phism: that different classes might have behaviors with the 

same name. A subclass may have a behavior that overrides a 

method defined in a superclass.* Polymorphism simplifies the 

task of writing behaviors and takes advantage of the capabil-

ity for inheritance. With polymorphism, generic behaviors 

may work on objects of any type. Polymorphism allows a gen-

erality in programming which cannot otherwise be achieved. 

Operating systems present an application programming 

interface (API) that allows application software developers to 

connect with OS functionality through procedure call (behav-

ior) names. Historically, this might involve many hundreds, 

if not thousands, of individual functions with different 

names. Polymorphism offers the potential to eliminate the 

inexorable clutter of an API presented by a structured pro-

gramming language like C or Pascal. 

 

The term object-oriented was introduced in the descrip-

tion of Smalltalk, an OOP language created by developers at 

PARC, particularly Alan Kay. With its English-like punctua-

tion, Smalltalk was originally intended to be a language for 

"children of all ages."  

Smalltalk was more an environment than a language per 

se. As such, it did not make much of a commercial impact, 

but its concepts influenced many of the OOP languages that 

followed. 

The problem with object-oriented languages is they've got all 
this implicit environment that they carry around with them. You 
wanted a banana but what you got was a gorilla holding the 
banana and the entire jungle. ~ American programmer Joe 
Armstrong 

OOP became a paradigmatic virus to programming lan-

guages: all became infected. Even Fortran was extended with 

 
* Polymorphism is sometimes inelegantly called function or method 

overloading. 
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OOP constructs. Most OOP extensions to languages were af-

terthoughts: providing some convenience, but not remedying 

the deficiencies inherent in the language with regard to code 

maintenance. Some maladapted OOP extensions, such as 

C++, created problems for programmers rather than offering 

solutions. 

50 years of programming language research, and we end up 
with C++? ~ American computer scientist Richard O'Keefe 

 C++  

I made up the term object-oriented, and I can tell you I did 
not have C++ in mind. ~ Alan Kay 

Danish programmer Bjarne Stroustrup was a student 

when he started tinkering with adding OOP to C. Stroustrup 

liked Simula 67 but found its execution far too slow for prac-

tical use. 

Stroustrup went to work for AT&T Bell Labs. By being 

there he gained the credibility needed to promote his C++ 

language. Just as C had been the programmer's language of 

choice, C++ inherited its crown to an audience just being in-

troduced to the OOP paradigm.  

It was a gross miseducation. C++ injected complications 

without advantage. 

There are only 2 things wrong with C++: the initial concept 
and the implementation. ~ French software scientist Bertrand 
Meyer 

The potential for reusability that was the raison d'être for 

OOP became a chimera with C++. The highest compliment 

that can be paid to C++ is that it was chock full of missed 

opportunities. 

The problem with using C++ is that there's already a strong 
tendency in the language to require you to know everything be-
fore you can do anything. ~ American programmer Larry Wall 

Even Stroustrup, the designer of C++, admits to a design 

deficit in the language. 

Within C++, there is a much smaller and cleaner language 
struggling to get out. ~ Bjarne Stroustrup 
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C++ became an industry standard in an industry lacking 

intelligent discretion about the fundamental concepts of the 

business at hand. There is no greater statement of core in-

competence in the software business than C++ becoming so 

popular. 

You've baked a really lovely cake, but then you've used dog 

shit for frosting. ~ Steve Jobs 

Several savvy C programmers thought of C++ as shambo-

lic frosting on C's scrumptious cake. This led to a handful of 

object-oriented C-based language variants. Almost all fell 

into oblivion, while the C++ hack job lived on. An example of 

how to turn C into an elegant OOP language illustrates. 

 OOPC  

Through clever use of macros and function calls, OOPC pro-
vides C programmers with a highly flexible, fully dynamic, ob-
ject-oriented development system. OOPC's object-oriented 
features read like a wish list. As a development toolkit, OOPC 
is a full-bodied powerhouse. ~ American programmer Mark 
Gerl 

In 1992, a tiny company called Electron Mining (1991–

1994) released OOPC: a revolutionary product that failed to 

spark a revolution. OOPC was a cross-platform software de-

velopment kit that greatly accelerated application develop-

ment by dint of the language in which the framework was 

written. 

The initial release of OOPC was for the Macintosh. De-

velopment for a Windows version began, but the company 

went under and the Windows version was never released.  

OOPC was an object-oriented extension to the C language 

inspired by CLOS. CLOS – the Common Lisp Object System 

– was the object-oriented extension to Lisp. 

Lisp was specified in 1958 as a practical mathematical 

notation for computer programs. As a high-level language, 

only Fortran is older (1957). 

Lisp isn't a language; it's a building material. ~ Alan Kay 

Lisp quickly became the favored language for artificial in-

telligence (AI) research, and pioneered many ideas, including 
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tree structures, automatic storage management, and recur-

sion (the ability of a behavior to repeatedly call itself). 

Lisp has jokingly been called "the most intelligent way to mis-
use a computer." I think that description is a great compliment 
because it transmits the full flavor of liberation: it has assisted a 
number of our most gifted fellow humans in thinking previously 
impossible thoughts. ~ Edsger Dijkstra 

Common Lisp got its start in 1981. A syntax extension to 

Lisp, CLOS offered great flexibility with data structures and 

manipulation. Behaviors could be treated as objects. 

OOPC was CLOS in C clothing, without the dross of C++. 

Further, with its inherent simplicity, OOPC offered elasticity 

without the syntactic complexity of Lisp. 

OOPC began in 1987 as a language suited for AI program-

ming. Those inclinations were accommodated by its open-

ended nature. The distinction between classes and objects 

was largely arbitrary, as classes might have their own data, 

and objects could have their own behaviors. 

Further, OOPC offered a dynamic flexibility unheard-of 

in other C-based OOP languages. The behaviors of classes or 

objects could be changed as a program ran. 

Multiple inheritance is the concept of a class or object in-

heriting methods from multiple superclasses. Multiple inher-

itance was accommodated in OOPC by simply listing 

sequentially the priority order of inheritance. In contrast, 

C++ made multiple inheritance an invitation to confusion, 

giving this extremely helpful ability a bad reputation. 

Overriding a superclass behavior in C++ meant that the 

subclass method lost the functionality that the superclass of-

fered. This badly complicated code reuse.  

With OOPC, simply setting a flag let a subclass behavior 

override, precede, or follow superclass functionality: hence 

subclasses could judiciously specialize or augment behaviors. 

By employing a strict polymorphism, OOPC allowed the 

full benefit of inheritance without the disadvantages inher-

ent in C++. For example, any object could be drawn within a 

window via draw(object). This greatly simplified the API. To 

display any object, all a programmer had to do was write 

draw(object). But even that was unnecessary, as the built-in 
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OOPC library provided for a functioning document-based ap-

plication in only 2 simple lines of code. 

That economy freed up a program developer's effort to fo-

cus solely on the features needed for the specific application. 

It was easy to create robust programs in OOPC because de-

fenses were built-in to preclude bugs (software defects). 

A common error in software to this day is reading an awry 

location in memory by looking in an array at an index that is 

not legitimate. Worse is corrupting memory by writing to 

such an out-of-bounds location. 

C and C++ programs can easily read/write memory out of 

bounds. Using an OOPC array object (or any object that in-

herited array functionality), that error was impossible. 

Another ubiquitous software problem involves memory 

leaks: using memory temporarily, but never releasing it so 

that the memory can be reused. Microsoft Windows and its 

Office suite of applications have historically been sieves of 

memory leaks – a problem that has only lessened somewhat, 

not been eliminated, in Microsoft software. 

OOPC had automatic garbage collection that precluded 

memory leaks. Further, OOPC's memory management 

worked many orders of magnitude faster than either the 

Macintosh or Windows OS ever have, as the programmers at 

those companies never bothered to develop an efficient algo-

rithm for object-oriented memory management, which invar-

iably involves a multitude of memory allocations in small 

chunks. 

Apple Computer learned of OOPC at a developer trade 

show of theirs in 1992. Rather than express interest in the 

technology, which was far superior to their own, the company 

simply banned Electron Mining from having a booth at future 

Apple developer conferences. Apple offered an ersatz compet-

ing product in Pascal called MacApp. 

Electron Mining knew it was in trouble when a matter-

of-fact article describing OOPC in MacTech, the Macintosh 

developers' magazine, was met by readers with disbelief that 

such programming capability was even possible.  

Microsoft was given a presentation of OOPC technology 

in 1993, to a room of uncomprehending engineers. These 
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muddled men were unable to grasp the elegance of OOPC be-

cause they had been brainwashed by C++ constructs, the lan-

guage which Microsoft had already adopted as its standard.* 

In the 1st decade of the 21st century, OOPC's developer 

advanced the technology under the name of Silon. Silon 

solved many of the problems associated with software today, 

including providing a robust OS, impervious to malware; a 

consistent GUI among all applications; rapid application de-

velopment through effortless code reuse; and an end to spam 

email. These are desired goals which no operating system 

vendor – Microsoft, Apple, and Google, most notably – has 

even come close to solving. 

Microsoft, Apple, IBM, Google, Amazon, and Sony, among 

other companies, were offered Silon technology. But none of 

these arrogant corporations had the good sense to take an in-

terest. Belying their commercial success, the corporate cream 

of the software crop lack core competency at the technical 

level. 

 

The inflexibility and inconsistent quality in software 

products indicates an industry struggling with technical fac-

ulty. As software is entirely a construct of the mind, the im-

plication is obvious. 

A programming language has direct effect on program-

mer productivity and software quality. The robustness of 

code and the ease of its reuse is an indicator of language qual-

ity. 

By their nature, object-oriented languages offer the prom-

ise of an unparalleled potential for code reuse. That is pre-

cisely why OOP overlays were ubiquitously made on older 

languages.  

But OOP does not necessarily facilitate code reuse. C++ 

is exemplary. Experienced C++ programmers consider code 

 
* Even now, most of the problems with Microsoft's Windows OS can 

be attributed to it being coded in C++, as well as the skill of the 

programmers involved. 
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reuse mostly hype. Yet, because of its implementation of pol-

ymorphism, OOPC made code reuse trivial if not downright 

automatic. 

Language libraries, which are ultimately dependent upon 

the chosen language's capabilities, also hold great potential 

for rapid development of sturdy software: that is, being able 

to quickly program without creating bugs. The quirkiness of 

many software products shows that this remains a problem 

within the industry. 

 Software Swell  

640 k ought to be enough for anybody. ~ Bill Gates in 1981 

Early microcomputers had a paucity of memory. Bit-

mapped GUIs became feasible as RAM grew less expensive. 

The original 1984 Macintosh had 128 kilobytes. 

The Macintosh II, introduced in March 1987, was the first 

personal computer to support color. Color requires greater 

display memory capacity. The standard memory complement 

for the Mac II was 1 MB, expandable to 8 MB. 

Since then, RAM capacities have soared as the cost of 

memory manufacture has plummeted. Low-end personal 

computers now have at least 4 GB. 

The memory use of applications has also ballooned. The 

simplest program now takes many MB, and everyday office 

applications can require over 100 MB to run.  

Thanks to the plethora of scripts attached to web pages 

nowadays, web browsers chew through hundreds of mega-

bytes with just a few pages showing. 

Further, despite thousand-fold increases in CPU pro-

cessing power since the late 1980s, personal computer pro-

gram execution speed is only modestly faster. The hardware 

giveth and the software taketh away. The reasons are 2-fold, 

with an ultimate singular cause.  

1st is the fact that the OS does not share all that it has, 

and the application programming interface to do so can be 

bothersome. As code reuse is limited, applications must du-

plicate code that is within an operating system. Every appli-

cation that does significant word processing has its own text 

engine, as does the OS; likewise for graphics processing. 
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2nd is the sloppiness with which modern compilers trans-

late programmer-written source code to machine-executable 

instructions. C produces tight executable code, as did OOPC. 

C++ does not. 

C++ and other languages do nothing to engender code 

sharing between an OS and applications. In contrast, the Si-

lon technology developed by Electron Mining using OOPC 

makes an operating system a full-fledged platform for appli-

cation programs: a programmer need only add the incremen-

tal functionality that makes an application unique. 

Software owes its bloat to the language used to write it. 

 

Software is a great combination between artistry and engi-
neering. ~ Bill Gates, who thought Basic was a great language 
before he had Microsoft adopt C++ 

Microsoft Windows and Office products, programmed in 

C++, show a visible accretion of features via inconsistencies 

in the user interface. Many old bugs remain unfixed. These 

problems owe considerably to the language employed, which 

makes code maintenance difficult. As Microsoft proves in 

spades, object orientation is no panacea if done poorly. 

 The Internet  

A network that's going to change mankind. ~ American In-
ternet pioneer Steve Crocker 

On 4 October 1957 Russia announced it had launched an 

artificial satellite into space. This instantly shattered the 

sense of technical superiority the US had felt until that day. 

In response, President Eisenhower announced on 7 Jan-

uary 1958 a new organization – ARPA – tasked with oversee-

ing and advancing the government's technology work.* The 

top priority was winning the "space race."  

In 1966, Bob Taylor was in charge of ARPA's computer 

projects. Taylor told his boss: "we've got a problem. We're 

throwing money away. We're paying different people all over 

the USA to do exactly the same work." 

 
* ARPA is an acronym for Advanced Research Projects Agency. 
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Taylor's solution to the problem was "to build a network 

of computers." On 29 October 1969, the first successful mes-

sage was sent over ARPANET. Then the computer that sent 

the message crashed, having transmitted only the first 2 let-

ters of the word login. 

ARPANET was declared operational 6 years later (1975). In 

1977, an experimental Internet started.  

By that time, computer networks of all sorts had prolifer-

ated. Their interconnection became possible only by using the 

same protocol (TCP/IP), developed under government guid-

ance. On 1 January 1983, ARPANET was split in 2: the mili-

tary MILNET and the civilian Internet. 

The Internet did nothing but grow, covering the globe in 

computer interconnectedness. During the 2010s, the Internet 

grew so economically important as to become a focus of global 

investment while monies to build facilities not associated 

with computing lulled.  

As of 2017, nearly half of the world's population uses the 

Internet. Unsurprisingly, penetration is lowest in Africa, 

where only 30% of the people have Internet access.  

 World Wide Web  

Information on the Internet is subject to the same rules and 
regulations as conversation at a bar. ~ American pathologist 
George Lundberg 

The most-trafficked part of the Internet is the World 

Wide Web, an open information space where documents and 

other resources are accessed. 

The Web was conceived by English software scientist Tim 

Berners-Lee in 1989. He wrote the first web browser in 1990, 

9 years after he first proposed a hypertext document system.  

In all that time, not Berners-Lee, nor any of the many pi-

oneers that were aware of his early web work in the early 

1990s, were savvy enough to figure out that a document-

based system should have a decent page description lan-

guage. What should have been obvious wasn't. Berners-Lee's 

feeble thought process never made it past working "toward a 

universal linked information system, in which generality and 
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portability are more important than fancy graphics tech-

niques and complex extra facilities."  

So, what was foisted upon the world was HTML: a specifi-

cation for network-based links coupled to a simple system of 

tags for notating paragraphs, headings, and list items – end 

of story.* It was not until 1995 that HTML tags for rudimen-

tary font styles were added, and even later that tables were 

even considered. 

Berners-Lee had many good examples of how a page-

based document system ought to be, but he lacked vision and 

technical expertise. It wasn't until December 1992, when 

American programmer Marc Andreesen insisted upon having 

an image tag, that graphics were even considered to be sup-

ported by a web browser. Other early Web enthusiasts were 

not at all keen on the idea of supporting graphics.  

 

The Internet? We are not interested in it. ~ Bill Gates in 1993 

In 1993, no large computer companies were interested in 

the Internet. They remained unconvinced that the Internet 

would be a success; seeing it instead as an academic project. 

Which it was at the moment. But good ideas, however gimped 

the implementation, grow legs that take them through time. 

So it was with the Web. 

I see little commercial potential for the Internet for at least 10 

years. ~ Bill Gates in October 1994 

A few moons later, Gates was singing a different tune.  

The Internet is crucial to every part of our business. ~ Bill 
Gates in May 1995 

Consensus on turning HTML into a page-description lan-

guage was stymied by the stupidity of the Web's early devel-

opers. It never really happened. Instead, the door was opened 

for scripts to be run from web pages in 1996. A cacophony of 

scripting languages sprang up to cover web page design defi-

ciencies that should have been obvious from the get-go. Now 

it is common for complex web pages not to load correctly be-

cause of wonky scripts. 

 
* HTML = HyperText Mark-up Language. 
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Scripts afford surreptitious surveillance and malware. It 

was imbecility to allow scurrilous scripting to substitute for 

a decent description language as the basis for the Web pages.  

 Adobe Flash  

Internet video went to the whims of the network effect: the 

players most commonly used determined the formats most 

often employed. Flash won by dint of being first. 

Flash was an animation player that Macromedia came 

out with in late 1996. 9 years later, Macromedia was gobbled 

up by Adobe.  

Adobe had extensive experience with software standards, 

having tried to have its cake and eat it too by promoting sup-

posedly open standard formats while having them work well 

only via their own proprietary software. This happened with 

fonts, then documents: the now universal pdf (portable docu-

ment format). So too with Adobe Flash. 

Adobe's handling of its Flash player was irresponsible. 

Adobe never wrung the bugs out, and it let Flash act as a 

conduit for malware. Apple Computer was so disgusted as to 

not even allow Flash on its mobile devices. 

Flash is closed and proprietary, has major technical draw-
backs, and doesn't support touch-based devices. Adobe has 
been painfully slow to adopt enhancements. ~ Steve Jobs in 
April 2010 

Jobs has hit the nail on the head when describing the prob-
lems with Adobe, but not until after smashing his own thumb. 
Every criticism he makes of Adobe's proprietary approach ap-
plies equally to Apple. ~ American programmer John Sullivan 

In the 2010s, web browser makers gradually phased out 

support for Flash. Adobe will abandon Flash in 2020. 

More generally, Adobe has long been criticized for its 

price-gouging practices, poor software quality, and even spy-

ing on customers of its products. Even the company's flagship 

product, Acrobat, remains ridden with bugs. 

Through carelessness, the company suffered a grievous 

security breach in 2013 that affected 152 million users. 

Adobe initially admitted to 2.9 million, then later confessed 

to 38 million users being affected. 
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 Security  

The men who created the Internet thought they were building 
a classroom, and it turned into a bank. ~ American historian 
Janet Abbate 

It's not that we didn't think about security. We knew that 
there were untrustworthy people out there, and we thought we 
could exclude them. ~ American Internet pioneer David Clark 
on the wishful thinking of Internet pioneers 

No innate security was envisioned by the designers of the 

Internet or World Wide Web. This folly allowed the Internet 

to repeatedly fall on its knees to malicious intent, providing 

the means for spreading malware worldwide. 

We could have done more, and most of what we did was in 
response to issues as opposed to in anticipation of issues.  
~ Steve Crocker 

We didn't focus on how you could wreck this system inten-
tionally. You could argue with hindsight that we should have. 
~ American Internet pioneer Vint Cerf  

That's a perfect formula for the dark side. ~ American Inter-
net pioneer Leonard Kleinrock on the disregard of security con-
cerns when the Internet was evolving during the 1970s and 
1980s 

Software security slowly emerged ad hoc, using clumsy 

schemes to encrypt email, and later, encrypting messaging 

traffic on the Internet. 

Secure encryption has been technically feasible for dec-

ades and can be done without affecting software usability. 

Instead, it has been all too common for encryption software 

to have a "back door": a way to break the supposed security. 

A back door may be built in by design, the result of program-

mer error, created by unauthorized tinkering, or some com-

bination of the 3. The presence of back doors severely 

weakens encryption. 

Damn. I thought I had fixed that bug. ~ American program-
mer at a leading software company on learning of a flaw in the 
encryption software he had written, allowing the Morris worm 
of November 1988, the first Internet security breach to gain 
mainstream media attention.  
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A worm is standalone malware that replicates itself to 

spread to other computers. The Morris worm was a cagey bit 

of code stupidly written by American programmer Robert 

Morris, then a graduate student at MIT. Morris wrote the 

worm as a means of discovering the number of computers 

connected to the Internet. Instead, the worm wreaked havoc 

on the computers it infected, crashing thousands of machines 

and causing millions of dollars in damage.  

The fundamental problem is that security is always difficult, 
and people always say, 'Oh, we can tackle it later,' or, we can 
add it on later.' But you can't add it on later. You can't add 
security to something that wasn't designed to be secure.  
~ American software scientist Peter Neumann who has been 
chronicling Internet security threats since 1985 

Early Internet attacks – and there were many – were met 

by handwringing, and the rise of private software security 

companies exploiting fear, but often not providing adequate 

protection. 

Apple wants to pretend that everything is magic. They need 
to admit that their products can be used by bad people to do 
bad things. ~ American software security specialist Alex 
Stamos 

Operating system companies and governments world-

wide did effectively nothing to counter the continuing threat. 

OS companies did belatedly provide lackluster security to 

their customers; offerings which were bested by 3rd parties.  

Meanwhile, government intelligence agencies insistently 

demanded back door access for private communications, thus 

crippling Internet security. The US government, which es-

sentially sponsored the Internet, has been incessantly reti-

cent about making decent encryption publicly available. 

Much of the business of the Internet is predicated on insecu-
rity. 'Surveillance capitalism' – the collection of user data and 
its sale to advertisers and others – depends on vulnerable Inter-
net practices, as does intelligence collection for national secu-
rity and law enforcement. ~ American physicist Steven 
Aftergood 
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Internet data breaches are a regular event. Robbers are 

now able to steal from banks without getting near a bank 

building.  

While the bank's IT staff is scrambling to keep its servers 
online and running, criminals are transferring money from us-
ers' accounts. ~ Slovenian software security specialist Mitja 
Kolsek 

All told, cybercrime costs the global economy at least $500 

billion each year; all because software developers were not 

smart enough to anticipate an obvious problem, nor take ef-

fective steps to thwart malfeasance. 1/3rd of the Internet 

sites worldwide are under attack at any time. 

Half of all Americans are backing away from the Internet due 
to fears regarding security and privacy. ~ American cybersecu-
rity researcher Dan Kaminsky in 2016 

Lack of security is an excellent reason to treat Internet 

access like kissing something diseased. A recent malware 

trend is crypto-ransomware, which encrypts all the data files 

on a user's computer, making them inaccessible. Once a ma-

chine is infected, the malware displays a screen demanding 

a ransom, which typically runs hundreds of dollars. If the vic-

tims don't pay up in time, the files are destroyed. In 2016, 

crypto-ransoming accounted for nearly 60% of all infections. 

Over the last few years, attackers realized that instead of go-
ing through these elaborate hacks – phishing for passwords, 
breaking into accounts, stealing information, and then selling 
the data on the Internet's black market for pennies per record – 
they could simply target individuals and businesses and treat 
them like an ATM. ~ American cybersecurity researcher Brian 
Beyer in 2016 

From mid-October 2016, web sites around the world ex-

perienced outages as hackers harnessed Internet-attached 

appliances to assault Internet infrastructure. Security re-

searchers had long warned that hooking devices to the Inter-

net – the so-called Internet of Things – would create a serious 

security threat; but device manufacturers around the world 

did not bother installing any security precautions. 
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We've ended up at this place of security through individual 
vigilance. It's kind of like safe sex. It's sort of "the Internet is this 
risky activity, and it's up to each person to protect themselves 
from what’s out there." There's this sense that the Internet pro-
vider's not going to protect you. The government's not going to 
protect you. It's up to you to protect yourself. ~ Janet Abbate 

Even governments regularly have sensitive data stolen 

from them. The Chinese and Russian are quite adept at 

snitching data from the hapless American government.  

We are living in the dark ages of cyber. ~ Russian cyberse-
curity specialist Eugene Kaspersky 

 

The web is more a social creation than a technical one. What 
we believe, endorse, agree with, and depend on is representa-
ble and, increasingly, represented on the Web. We all have to 
ensure that the society we build with the Web is the sort we 
intend. ~ Tim Berners-Lee 

Despite technical shortcomings, the World Wide Web be-

came the information conduit for the global community. Its 

development exemplifies how failure to think issues through, 

incompetent design, and human inability to intelligently co-

operate can create a worldwide information mess: a cerebral 

analogue of the physical dystopia which humans created with 

a greed-based economic system. 

The thing about Web companies is there's always something 
severely fucked-up. You work with these clugey internal tools 
and patch together work-arounds to compensate for the half-
assed, rushed development, and after a while the fucked-upness 
of the whole enterprise becomes the status quo. The whole Web 
was built by virtue of developers fixing one mistake after an-
other, constantly forced to compensate for the bugginess of their 
code. ~ American writer/ranter Ryan Boudinot 

 Documentation  
In the 1990s, software products came with printed man-

uals. Many also came with help files accessible through the 

program. There were also books that extensively described 

the features of the most popular software. 
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By 2110, printed software documentation had gone the 

way of the dinosaur: extinct. That left typically measly help 

files and online support sites, include forums where finding 

anything was often an exercise in frustration, as search en-

gines seemed incapable of properly pruning results. 

Microsoft has been notably remiss in not providing ade-

quate documentation. Most feature requests for its Microsoft 

Office suite of programs already are features. 

A dearth of documentation leads to reliance on technical 

support, which often resembles entering a lower level of Hell. 

 Technical Support  
Technical support for computer equipment and software 

is notorious for being infuriating. This is by design.  

Computer service managers are fully aware that cus-

tomer dissatisfaction is high. 74% admit that their company 

procedures prevent satisfactory experiences. 

Don't think companies haven't studied how far they can take 
things in providing the minimal level of service. Some organi-
zations have even monetized it by intentionally engineering it 
so you have to wait an hour at least to speak to someone in 
support, and while you are on hold, you're hearing messages 
like, "If you'd like premium support, call this number and for a 
fee, we will get to you immediately." ~ American software sup-
port specialist Justin Robbins 

Cable and mobile service providers, which are regional 

monopolies or have little competition, tend to be the most 

egregious offenders.  

Conversely, the large companies rated as having the best 

support charge more to begin with, so the cost of service is 

baked in; such is the case with Amazon Prime subscription 

service. Companies in competitive markets, and hungry up-

starts trying to break into a segment with dominant compa-

nies, may distinguish themselves with decent service. 
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 Faith in Technology  

Since industrialization, technological advances have 

transformed most aspects of daily life. The footprints of tech-

nology are pervasive. Constantly advertised as "progress," 

people generally see technology positively. 

People may not understand how a particular technology 
works, but they do assume that it will work. People uncon-
sciously associate technology with success. ~ American busi-
ness management professor Chris Robert 

The more exotic a technology is, the greater its appeal. 

Less faith is put in familiar technologies, as their limits have 

already been exposed. 

People have more confidence that unfamiliar technologies 
will provide solutions to a range of problems. People put new 
technology in a category of "great things that work which I love 
but don't understand." ~ Chris Robert 

Used to the conveniences of technological appliances and 

inured to living in complex societies, people maintain opti-

mism, with ignorance mounting no obstacle. The mind re-

signs itself to what it cannot alter. 

Faith in technology is false. As this book patiently ex-

plains, the overarching arc of technology has wrought con-

veniences of all sorts at the consequential cost of degrading 

the natural environment, being detrimental to societal cohe-

sion, and damaging health.  

In the heedless way it was accomplished, industrializa-

tion has ensured our own demise at an astonishingly acceler-

ated pace, along with much other life. Replacing crafts with 

manufactured goods may have made them cheaper, but they 

also cheapened life. Modern processed foods may be conven-

ient, but they are not nourishing. Those now-ubiquitous 

handheld tablet phones/computers are a convenience which 

has drained mental acuity and is rendering youth stupider 

and more infantile than they might otherwise be.  

In short, technology has been a bane disguised as a boon. 

Health, the enjoyment of life, and life expectancy do not cor-

relate to technological state. Success in living is instead an 

outcome of luck, skill, and discipline that has little to do with 
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technology. Societally, technology has been most 'successful-

ly' applied to man's worst inclinations, thereby amplifying 

with ease what was otherwise difficult to accomplish: pollu-

tion, inequity, and murder on a mass scale. 

Our scientific power has outrun our spiritual power. We have 
guided missiles and misguided men. ~ American Baptist min-
ister and civil rights leader Martin Luther King Jr. 

 Synopsis  

➢ Science afforded engineering, which begat technology: the 

artifacts of problem-solving minds.  

➢ Technological advance has had profound societal conse-

quences. 

The hand-mill gives you society with the feudal lord; the 
steam-mill, society with the industrial capitalist. ~ Karl Marx 

➢ Technology effects externalities: consequences beyond in-

tended purposes. For example, transportation vehicles 

weave the human world together while tearing the natu-

ral world apart. 

Computers 

To err is human, but to really foul things up you need a 
computer. ~ American biologist Paul Ehrlich 

➢ Software is entirely a mental construct. A software pro-

gram's quality reflects the acuity of its developers. 

Most software today is very much like an Egyptian pyramid, 
with millions of bricks piled on top of each other, with no 
structural integrity, but just done by brute force and thousands 
of slaves. ~ Alan Kay 

➢ Difficulties in maintaining programs drove the evolution 

of software languages, the designs of which have often 

been maladroit. 
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➢ The employment of ersatz languages, such as C++, begat 

software systems which are slow, glitchy, and difficult to 

use because they are difficult for their developers to main-

tain. 

The most amazing achievement of the computer software 
industry is its continuing cancellation of the steady and stag-
gering gains made by the computer hardware industry.  
~ American engineer Henry Petroski 

➢ The World Wide Web illustrates a stunning lack of vision 

in software design. Web pioneers failed to recognize the 

basic need for a flexible page-description language. Fur-

ther, scant thought was given to security, so web pages 

evolved to be masses of scripts, with surreptitious surveil-

lance and malware commonplace. 

There are only 2 industries that refer to their customers as 
'users'. ~ American statistician Edward Tufte 



 

 Economics  
Economics is the study of the use of scarce resources which 

have alternative uses. ~ English economist Lionel Robbins 

The notion that scarcity is the rightful locus of economics 

simply isn't true. Hominids have been surviving for over 7 

million years. Sure, survival was a struggle then; so it re-

mains for most today. 

The salient socioeconomic issue since antiquity has not 

been scarcity, but the distribution of surplus. After industri-

alization, the most pressing economic problem has been un-

sustainable environmental degradation; a dangerous 

dilemma which has garnered serious scrutiny only recently. 

Economists have been remiss in their examinations, op-

erating from the blithe religious assumption that Nature ex-

ists for human exploitation. The discipline of economics as 

exercised has been positively destructive to the weal of the 

world. Properly, economics should be the study of the quality 

of material life for all, with a close watch on sustainability. It 

is a false economics which leads to extinction. 

Economics is no science in the usual sense. It is instead 

an exercise in biased, interpretive storytelling: imaginative 

narratives about material exchanges, blending psychological 

and sociological dynamics, and the belief systems behind the 

stories. In modern economics, talismans are commonly cast 

through ever-inept mathematical models: a voodoo discipline 

called econometrics. 

The laws of economics are to be compared with the laws of 
the tides, rather than with the simple and exact law of gravita-
tion. For the actions of men are so various and uncertain, that 
the best statement of tendencies, which we can make in a sci-
ence of human conduct, must needs be inexact and faulty.  
~ English economist Alfred Marshall 

Conventional economics flows from a singular myth: the 

law of supply and demand, which forms a pricing mechanism 

that is erroneously assumed to efficiently allocate resources. 

These falsities form the foundation upon which all theories 
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of market-oriented economic dynamics are formed. Faith in 

fables will be the death of us all. 

I think we're miserable partly because we have only one god, 

and that's economics. ~ American psychologist James Hillman 

 The Dismal Science  

A man willing to work, and unable to find work, is perhaps 
the saddest sight that fortune's inequality exhibits under this 
Sun. ~ Thomas Carlyle 

Economics was called the "dismal science" by Scottish 

philosopher Thomas Carlyle in the mid-19th century. Carlyle 

held to Calvinist values even though he had lost his Christian 

faith. Carlyle's pejorative referred to: 

"finding the secret of this Universe in 'supply and demand,' 
and reducing the duty of human governors to that of letting men 
alone." 

The phrase "dismal science" first appeared in Carlyle's 

1849 tract entitled Occasional Discourse on the Negro Ques-

tion, arguing for the reintroduction of slavery as a way to reg-

ulate the labor market in the West Indies. Slavery had been 

outlawed throughout the British Empire in the early 1800s, 

even as it continued unchecked in practice. 

The Negro Question went beyond black people to an over-

arching theme: the freedom of men, and particularly its im-

possibility. Infant mortality among the working class in 

England at the time was around 50%; the same as for South-

ern slaves in America. People lived on the verge of starvation. 

Famine severely struck Ireland at the time from the potato 

blight. Albeit classified as free, poor white British folk lived 

the lives of slaves. While the British ruling class turned a 

blind eye to poverty at home, they condemned slavery as part 

of a political trend in Europe. 

Why, then, should not groups of superior men be able to jus-
tify their enslavement, exploitation, or even genocide of inferior 
human groups on factual and moral grounds akin to those we 
now rely on to justify our treatment of the animals we harness 
as beasts of burden, that we butcher for food and clothing, or 
that we destroy as disease-bearing pests or as dangerous preda-
tors? ~ American philosopher and educator Mortimer Adler 
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 Economic Systems  

An economy or economic system is a characterization of 

how any economy works. Economic systems address 3 issues: 

what is to be produced, and in what quantities; how produc-

tion is to occur; and, how production is to be distributed. 

There are 3 main economic systems: traditional, com-

mand, and market. A traditional economy relies upon custom 

or tradition to address production and distribution issues. 

Traditional economies typically produce to survive, with only 

modest surplus, and so minimal trade. There are few tradi-

tional economies today. 

In a command economy, the government decides produc-

tion and distribution. Command economies were typical in 

the ancient large-scale civilizations, including Egypt and 

China. The inept 20th-century "communist" command econ-

omy experiment illustrates that the idea of societal progress 

is a fable. 

A market economy relies upon individual initiative to pro-

duce and distribute. Market economies are characterized by 

inefficiencies, overproduction, inequality, corruption, and 

pollution. As market economies are employed worldwide in 

the present era, the fruits of civilization owe largely to this 

economic disorder. 

 Scales of Economics  

Microeconomics is the study of individual decision-mak-

ing behaviors by households and firms (businesses) which af-

fect the supply, demand, and the prices of goods and services.  

Macroeconomics is the study of large-scale economic dy-

namics of a region or nation-state. Measures in this sphere 

include gross production, income, employment, and overall 

price level. 

 GDP  

The best-known macroeconomic figure is GDP (gross do-

mestic product), which is a monetary estimate of the value of 

all final goods and services produced in an economy for some 

period (usually yearly or quarterly). GDP deliberately leaves 
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out business-to-business transactions involved in production 

stages, as well as ignoring sales of used goods. Hence, GDP 

is a laughably rough approximation of economic activity.* 

GDP is increasingly a poor measure of prosperity. It is not 
even a reliable gauge of production. ~ The Economist maga-
zine in 2016 

GDP does not consider socioeconomic inequalities or qual-

ity of life, notably environmental and social conditions. GDP 

therefore says nothing about how well people get by. 

The figure below shows relative national GDP per capita 

in 2017; lighter is higher, darker lower.  

 

Though some of the same concepts traverse both realms, 

there is an unbridgeable gap between micro- and macroeco-

nomics. The focus of microeconomics is ultimately the deci-

sions of individuals at ground level, whereas macroeconomics 

is a bird's-eye view of the aggregate. Each has its own fic-

tions. 

The term political economy originated in moral philoso-

phy as the unified study of economics and politics. Its mean-

ing evolved in the 18th century into the study of the 

 
* China does not even pretend to reliably measure its GDP; other 

countries are merely more pretentious. 
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economies of states (polities) before being supplanted by eco-

nomics at the end of the 19th century, owing to Alfred Mar-

shall's influential 1890 textbook on the subject.  

Politics remain integral to how markets work, as govern-

ments set the stage upon which markets perform. Economics 

is a sociopolitical dynamic. 

The old adage – if you want to know what is going on, 

follow the money – applies equally to economics and politics. 

Corruption is, after all, a political dynamic fueled by eco-

nomic interest. 

 Econometrics  

Use mathematics as shorthand language, rather than as an en-
gine of inquiry. ~ Alfred Marshall in 1890 

Econometrics concerns mathematically modeling eco-

nomic activities. Econometrics marries economic theory with 

math and statistics, providing the means for quantitative 

analyses. This number-crunching allows theories to be 

tested, forecasts to be made, and policies to be evaluated. 

In its abuse of statistics, econometrics falls into the same 

pit of fiction as other sciences: mistaking correlation with 

causality. Statistics can never prove one event causes an-

other, but it is precisely this nonexistent power which econo-

metricians implicitly rely upon in their models. 

The only function of economic forecasting is to make astrol-
ogy look respectable. ~ John Kenneth Galbraith 

Econometrics rose to the fore in the last half of the 20th 

century, replacing hand-waving theorizing with statistics-

based theorizing that wasn't really better; the herding of 

numbers just seemed more precise. Beyond statistics abuse, 

the assumed rationality of humans by economists is as much 

myth as practice. 

People may be fairly predictable, but rational is as often 

as not an undeserved compliment. Behaviors are commonly 

motivated by desire or fear, with cunning to achieve desires 

and wiles to avoid objects of fear. In contrast, rationality, in 

the form of habitual good sense and sound judgment, is ex-

ceptional. 
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Econometricians tell me that rare events such as panics can-
not be dealt with by the normal techniques of regression but 
have to be introduced exogenously as "dummy variables."  
~ American economic historian Charles Kindleberger 

 

Economics must become fundamentally empirical, in con-
trast to the faux empiricism of econometrics. By this I mean bas-
ing itself on economic and financial data first and foremost, and 
by respecting economic history. ~ Australian economist Steve 
Keen 

 History  
Hitherto, every form of society has been based on the antag-

onism of oppressing and oppressed classes. ~ Karl Marx 

The history of economics coincides with the story of hu-

man sociality, driven by sociological dynamics largely dic-

tated by desires and an abiding unwillingness to share in a 

familial way. Economics is a fulcrum for activity, and so wo-

ven into its gyre has been the rise and fall of civilizations. 

Economics will ultimately prove the fate of humanity. Life is 

short and art is long, but since the earliest societies econom-

ics has endured in calling the shots, casting an inauspicious 

pale on human prospects.  

Economics is, in essence, the study of poverty. ~ Australian 
economic historian Ronald Hartwell 

 The Founding of Economics  

A mind-set of materialism got the economic ball rolling, 

abetted by surpluses from agriculture. Trade grew in the 

transition from hamlets to societies which increasingly prac-

ticed specialized crafts. 

Another consequence of agriculture was being able to sup-

port a larger population. Division of labor and food surplus 

concentrated people so that villages grew into towns when 

they succeeded in ramping production and trade.  

Jericho, the oldest continuously occupied site in the 

world, was settled by 9000 BCE. Within a thousand years, it 

had a huge stone wall around it: a monumental testament to 
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the materialist mind-set and the concomitant need for de-

fense. 

The power of organized labor was quickly appreciated in 

the ancient world. The city-states of the Sumer civilization in 

southern Mesopotamia, Egypt, and other empires, all de-

pended upon mobilized masses under someone's thumb. Slav-

ery was rife in the ancient world, and the population masses 

otherwise mostly serfs. 

All early civilizations were based on social and economic in-
equality. A defining feature of all early civilizations was the in-
stitutionalized appropriation by a small ruling group of most of 
the wealth produced by the lower classes. ~ Canadian anthro-
pologist Bruce Trigger 

Trade was the lubricant which invariably led to concen-

trations of economic and political power into a small minority 

of hands. Rulers came to rely up economic growth as a means 

to maintain and augment their supremacy. When internal 

limits were hit, expansion created conflicts with neighbors 

which often led to war and conquest. This trend was ubiqui-

tous. 

The economic bases of these ancient empires lay in the 
booty, tribute, and taxation that the conquerors could wring 
from the conquered and from peasant taxes. ~ American eco-
nomic historian Rondo Cameron  

 Ethical Qualms  

Material exchange for personal benefit predates hominids 

by billions of years. Bacteria have profitably swapped gene 

packages for eons. Yet commerce has long been morally sus-

pect. The predatory character of ancient empires and the nat-

ural inclination to profit from trade cast a pall for any who 

cared to view commerce through a moral lens.  

The ancient Greeks tolerated commerce as a necessity but 

feared that the specialization it engendered would lead to a 

differentiation of interests that would destroy any sense of 

common purpose, and thereby rent the social fabric. There 

were merchants and moneylenders in ancient Athens, but 

they were seen as outsiders, and denied citizenship status. 
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Money was intended to be used in exchange, but not to in-
crease at interest. And this term interest, which means the birth 
of money from money, is applied to the breeding of money be-
cause the offspring resembles the parent. Wherefore of all 
modes of getting wealth this is the most unnatural. ~ 4th-cen-
tury-BCE Greek philosopher Aristotle 

Aristotle's anathema to usury was widespread among 

classical writers attuned to societal interests. Its condemna-

tion came to occupy a locus in the writings of Christian theo-

logians and lawyers up to early modern times, until the 

ascent of commercial interests so overwhelmed political lead-

ers that the morality of money withered to an ethical arca-

num. 

Trade, insofar as it aims at making profits, is most reprehensi-
ble, since the desire for gain knows no bounds but reaches into 
the infinite. ~ 13th-century Italian Dominican priest Thomas 
Aquinas 

Even as the Christian church hypocritically condemned 

the profits of commerce as a mortal sin, the pulse of Europe's 

economy depended upon it. The Church resolved this di-

lemma following ancient Athens tradition: relegate it to out-

siders. 

 Jews  

Jews once earned their living from farming and handi-

crafts. But they were forced out of landowning in Europe by 

the Catholic Church, which collected ecclesiastical tithes on 

land holdings, and which might no longer be paid if land fell 

into Jewish hands. The craft guilds that arose in the later 

Middle Ages shut Jews out by exclusionary policies. 

As Jewish settlements became insecure by their depend-

ence upon the toleration of the Christian monarchs and no-

bles in power, Jews gravitated to movable property, 

especially precious gems and metals which could be readily 

concealed, transported, and trafficked. 

This dynamic engendered contempt for Jews among west-

ern Christendom, as commerce became closely connected 

with Jews, who were regarded as avaricious. 
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Odious to conservative Christians, Jews nonetheless be-

came indispensable to the political authorities. Besides bor-

rowing money to the powers that be, Jews were often 

employed as indirect tax collectors. 

 

Trade as inimical to communal cohesion was long a staple 

of European intellectual thinking. In writing at the onset of 

the 18th century that trade and wealth extinguish virtue, 

Charles Davenant – mercantilist economist, politician, and 

British establishmentarian – was reciting a hoary civic cli-

ché.  

Mercantilism is the economic doctrine that the military 

security of a country depends upon its balance of trade. Based 

upon the assumption that global wealth was a fixed constant, 

governments should control foreign trade so as to maximize 

exports and minimize imports, thus gaining a favorable bal-

ance of trade.  

Mercantilism dominated western European political pol-

icy from the 16th century to the end of the 18th century. It 

motivated both colonial expansion and frequent wars in Eu-

rope, as well as co-opting the political class into acting as a 

plutocratic patsy, favoring the concentration of wealth by 

keeping wages low. 

The intertwining of economic and political power was as 

inevitable as the axis of thought regarding the desirability of 

both. In the early 16 century, Italian historian Niccolò Mach-

iavelli and other civic theorists revived the classical, pagan 

ideal of citizenship. This included the need for self-sacrifice 

for the sake of the common good: a social virtue well paid in 

preparing for and promoting war as a means for enrichment. 

Civic virtue was aligned with devotion to public interests 

and liberty in participating in political life, including helping 

preserve the freedom of the commonwealth from foreign dom-

ination. Construing virtue and liberty as such required citi-

zens to be financially independent. Possessing property was 

a prerequisite for citizenship, as it freed men from the need 

to work for a living. This was a consistent political axiom all 

the way from Aristotle to slaveholders in the antebellum 

South and beyond.   
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Christian civic tradition got its rulebook from ancient 

Rome, notably the Code of Civil Law, compiled by Justinian 

I in the mid-6th century. That came with a built-in irony. In 

contrast to Christian suspicion of commerce, the pagan Ro-

man system was thoroughly commercial: a posture which be-

fit a sprawling empire. 

Rather than valuing liberty as a ticket for participation 

in government, Roman law valued freedom from government: 

unencumbered enterprise, excepting taxes. The Romans 

were concerned with individual rights, including protection 

of private property. This attitude goes a long way in explain-

ing the long success of the Roman Empire and the lasting im-

pression that it made. 

 Money  

Money alone sets all the world in motion. ~ Publilius Syrus 
in the 1st century BCE, a Syrian slave who became a Latin writer 

Though it may be socked away for another day, money is 

ultimately a method of exchange. Numismatics is the study 

of money and its history. 

Though the terms are commonly used interchangeably, 

money and currency carry slightly different definitions. 

Whereas money is a generic fungible (a medium of exchange), 

currency is a monetary species, such as dollars or euros. 

Currency brings money to life. The term currency derives 

from currentia in Medieval Latin, meaning "in circulation." 

Money is to economics what energy is to physics: a meas-

urement system for an abstraction. The unit of value that 

characterizes a currency is non-arbitrary only by its entan-

glement in a mesh of relatives. 

Money originated as an abstraction to overcome the logis-

tical difficulties of barter. Currency is unique in being a com-

modity of social consensus: an agreed-upon token 

representing some designated value. 

Money was a purely mental revolution. It involved the crea-
tion of a new inter-subjective reality that exists solely in people's 
shared imagination. ~ Israeli historian Yuval Noah Harari  
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Anatolian obsidian – volcanic glass from Asia Minor – 

was the material of choice for Stone Age tools. As early as 

15,000 BCE, obsidian served as currency. By 9,000 BCE there 

was organized trade via obsidian. Çatalhöyük and other an-

cient Neolithic villages in Anatolia were partly supported by 

having a supply of obsidian nearby. This was contemporane-

ous with grain and livestock as units of trade.  

Early currencies were commodities of common use, cho-

sen for their utility and marketability. Ancient Indians used 

almonds as currency; southeast Asians, rice; Mongolians, 

bricks of tea; Guatemalans, corn; Babylonians, barley; Nico-

bar Island natives, coconuts; Norwegians, butter and dried 

cod. 

More symbolic currency arose in the Levant in the early 

4th millennium BCE. The Mesopotamians used weighed 

amounts of silver for payments. Silver superseded grain be-

cause it did not rot. Centuries later, Egyptians added luster 

to the idea by using gold bars. This evolution in currency cor-

responded with greater sophistication in appreciating the 

economics of scarcity and abundance. 

When the inhabitants of one country became more depend-
ent on those of another, and they imported what they needed, 
and exported what they had too much of, money necessarily 
came into use. ~ Aristotle 

 Gold  

Gold rules the world. ~ German proverb 

Gold has long held a special place in the materialism of 

man. Its reddish-yellow color and soft luster have an undeni-

able appeal. But that is only gold's initial allure. 

As a storehouse of value, gold's unique property is its abil-

ity to resist what used to be known as decay but is now called 

chemical attack. Besides its relative scarcity, gold became 

precious because it was incorruptible. No acid or alkali 

known to ancients could diminish it. 

Gold is readily processed, and its quality easily assayed. 

Gold has a low melting point: 1000º C, almost the same as 

copper. Using a hoary process called cupellation, pure gold 

may be separated from whatever dross it is with. 
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Quality assessment is even simpler. By treating a 

claimed gold object with an acid, its purity may be ascer-

tained. If it does not decay, it is pure gold. 

Silver has been the other precious metal used as a mone-

tary unit. Silver is much more abundant and not nearly as 

incorruptible. Significant silver finds at various times in his-

tory caused price fluctuations that made it less desirable 

than gold as a currency unit. As a backing for currency, sta-

bility is prized above all else.  

Gold is rare on Earth because it is scarce throughout the 

cosmos. Unlike elements like carbon, or iron, which is the 

densest production by stars before going supernova, gold can 

only be made via the collisions of neutron stars, which are 

the densest stellar remnants. 

 

By 3,000 BCE the shekel had become a standard monetary 

unit in Mesopotamia, defining a specific weight of barley for 

equivalents in silver, bronze, and copper. Using a single unit 

to define both mass and currency was later adopted for the 

British pound, which originated as a 1-pound lump of silver. 

Early codes of law formalized the role of money in civil 

society, beginning with the oldest known laws: the Mesopo-

tamian Code of Ur-Nammu (~2,100 BCE), which decreed in its 

prologue: "equity in the land." The Mesopotamian civilization 

developed a currency-based large-scale economy.  

Transactions using precious metals as currency were car-

ried out by clipping off material equivalent to the value of the 

item purchased. This is how coinage came into use. 

The Indus Valley Civilization in India may have used 

coins sometime in the 2nd millennium BCE. But the first doc-

umented coinage there dates to the 7th century BCE, contem-

poraneous with coins being used in Asia Minor.  

China had minted base-metal coins – bronze and copper 

– a few hundred years earlier. The first Chinese coins were 

shaped like small knives: valuable tools in an agrarian soci-

ety. In later taking a circular shape, Chinese coins were most 

often made with holes so they could be strung together. The 

Chinese method for making coins spread throughout east and 

southeast Asia. 
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It is most likely that the first coins struck in the Western 

world were by an enterprising banker or merchant in a 

coastal Greek city as a form of advertising. It was not long 

before government officials recognized the prestige and profit 

from arrogating money minting as a state monopoly.  

The effigy of a ruler, or even a symbol, such as the owl of 

Athens, stamped on a coin face signified both a purity of the 

metal and the glory of its issuer. Beyond inspirational sym-

bols, coins commonly had their weights stamped on them. 

These measures were taken to avoid debasement. Counter-

feiting has been a constant problem throughout history. 

In Mexico before its invasion by Europeans, indigenous 

people used cacao beans as currency. These were debased by 

replacing the contents of the beans with mud. 

The earliest Western coins were struck from electrum: a 

natural pale-yellow alloy of gold and silver found in the allu-

vial valleys of Anatolia (Lydia). The relative proportions of 

metals in electrum were variable, and so pure gold or silver 

gained preference. 

Silver was more plentiful and so more practical for com-

merce. The leading role of Athens in ancient Greek society 

contributed to the predominance of silver then and there. 

That the Greek state-owned silver mines at Laurium set sil-

ver as standard. From those mines the Greeks were able to 

afford the resources to dominate the region, especially 

against Persian encroachment. The Athenian Golden Age 

owes its luster, if not its name, to the silver at Laurium. 

The ancient Greek city-states exhausted themselves in 

internecine struggles, but Hellenistic culture survived, and 

even spread, thanks to the 4th-century-BCE conquests of Al-

exander the Great. Although the empire Alexander carved 

out disintegrated after his death, economic and cultural con-

tinuity persisted, as Greek civil servants manned successor 

states, and Greek merchants established themselves 

throughout the lands that Alexander took. Commerce has 

long been a glue for human sociality. 
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The use of precious-metal coinage did not obviate other 

commodity currencies. In Roman times salt served as a com-

mon currency. Roman soldiers were sometimes paid in salt: 

salarium in Latin, which formed the root of the modern word 

salary. 

The difficulty with currency comes in its preservation of 

value over an expanse; hence coinage with intrinsic value has 

been historically employed. This has most often meant pre-

cious metals, especially gold, and, less preferably, silver. 

The trust in Rome's coins was so strong that even outside the 
empire's borders, people were happy to receive payment in de-
narii. In the 1st century CE Roman coins were an accepted me-
dium of exchange in the markets of India, even though the 
closest Roman legion was thousands of miles away. ~ Yuval 
Noah Harari 

China was the first-known purveyor of banknotes. By 

~1300 BCE notebook-sized sheets of mulberry bark were cir-

culating as currency. The sheets carried the emperor's seal 

and the signatures of the country's treasurers. 

The first government-issued paper money was printed in 

Song Dynasty China (960–1279) during in the 11th century. 

This followed from deposit receipts that developed during the 

earlier Tang Dynasty (618–907), as merchants and wholesal-

ers sought to avoid carrying bulky coinage for costly commer-

cial transactions. 

The notion of paper money came to Europe in the 13th 

century through accounts of travelers to the Far East, such 

as itinerant Italian merchant Marco Polo and Flemish ex-

plorer William of Rubruck. 

As trade expanded in Europe toward the end of the Mid-

dle Ages bills of exchange became prevalent. Their main pur-

pose was to avoid the dangerous practice of traveling with 

cash. A deposit could be made with a banker in one town for 

a bill of exchange, which could be redeemed in another town. 

Such bills could also be used as payment.  

This early form of credit became a significant source for 

creating money, in similar fashion to ancient Egyptian grain 

banks which issued notes from deposits. Bills of exchange 
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were widely used in England before credit lines became 

widely available in the mid-19th century. 

Offa of Mercia ruled the Anglo-Saxon English kingdom of 

Mercia from 758 until his death in 796. Offa popularized the 

silver penny in England. The king's coin makers produced 

240 pennies from a pound of silver, whence the pound became 

the basic unit of British currency. 

The London Mint was instituted in 886 during the reign 

of Alfred the Great. At the time it was only one of many mints 

throughout the kingdom. 

By 1279, the Mint had moved to the tower of London, 

where it resided for next 500 years. The Royal Mint attained 

a monopoly on making the coins of the realm in the 16th cen-

tury. But it was not the sole source of currency: precious met-

als themselves still served as money. 

From 1300, to ensure quality, the precious-metal trade 

was regulated by law in Britain. During the 14th century, 

goldsmiths in England were incorporated into local guilds. 

These measures provided both quality assurance and stabil-

ity to the industry. 

Goldsmiths were not merely bullion merchants. They 

were also money lenders; in the process creating new money 

– as lending always does, by creating a temporal rift between 

assets and liabilities. 

Once established, merchants and traders entrusted their 

deposits of wealth to the Royal Mint. In 1640, King Charles 

I, a staunch believer in the divine right of kings, took ad-

vantage of that trust: seizing the private gold stored in the 

Mint as a forced loan. Thereafter, merchants deemed their 

gold more secure in the private vaults of local goldsmiths. 

Charles' regal caprice led to goldsmiths becoming the 

forerunners of Britain's modern banking system, by evolving 

various financial instruments, including lending via promis-

sory notes, offering checking accounts, and lines of credit. 

The first banknotes issued were let by a Swedish banker 

in 1661. He then went about multiplying loans through bank-

notes. A few years later, unable to repurchase his notes with 

coin, the banker went bankrupt. He managed to escape the 

death penalty that awaited coin forgers but did spend the rest 

of his sorry days in prison. 
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Banknotes were always a statement of confidence in its 

issuer: an implicit promise that each slip was backed by a 

precious metal, typically gold, equivalent to the denomina-

tion of the note. Such trust occasionally wavered.  

The Bank of England, founded in 1694 to fund the gov-

ernment, went through crises of confidence in its early years, 

provoked by those who opposed the nascent institution. The 

Bank experienced its first crisis in 1696, when it was just 2 

years old. There was a want of money throughout the coun-

try. All the clipped silver had been called in, but the new cur-

rency was not yet ready.  

Even the rich were living on credit. The stock price of the 

Bank precipitously declined. Sensing the distress, London 

goldsmiths, who detested the corporation that had broken in 

on their private banking system, demanded payment in gold 

on their notes. Caught out, the Bank directors partially paid 

all legitimate creditors, but refused the goldsmiths' notes. 

Though the episode proved a severe shock to the financial 

system, the panic subsided.  

Another Bank crisis arose a decade later, after the con-

quests of Louis XIV alarmed England and shook the credit of 

the Bank. The goldsmiths struck again, buying up Bank bills 

and demanding payment. Loyal nobility chipped in and saved 

the credit of the Bank. 

Industrialization in England was propelled by banknotes. 

This was the first time in modern history that money was 

massively created in the private sector rather than exclu-

sively by a government and its mines. 

Britain was able to self-finance its industrialization only 

because of its expansive private banking sector. The Pax Bri-

tannica that lasted a century (1815–1914) owed much to the 

financial embezzlement of Charles I, which set off a chain of 

fortuitous events.  

 

 

A fool and his money are soon parted. ~ English poet and 
farmer Thomas Tusser in the mid-16th century 

The history of finance continues later, within topical con-

text. 
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 China  

Chinese civilization originated ~7500 BCE in the Yellow 

River valley, where fertile loess soil, deposited by winds from 

Central Asia, allowed easy cultivation. To the south, agricul-

ture also took early root in the Yangtze River valley. 

The first grain grown was millet, endemic to the region. 

Wheat and barley came later, from the Middle East; later 

still, rice from southeast Asia. 

Chinese agriculture has always been labor-intensive, and 

reliant upon extensive irrigation. Draft animals were not in-

troduced until 700 BCE.  

Around the turn of the 1st millennium CE, introduction of 

a superior breed of rice allowed double-cropping: 2 crops per 

year. This productivity fueled population and urban growth. 

A variety of skilled crafts emerged in China during this 

time, including bronze works; but it was silk that was most 

valued in trade. The ancient Romans acquired silk over a car-

avan route that ran through central Asia: the Great Silk 

Road. China itself was known to the Romans as Sina: the 

land of silk. 

Gunpowder and porcelain (chinaware) were Chinese in-

ventions, as was the magnetic compass, which made its way 

west via the Arabs.  

The Chinese invented the hydraulic hammer by the 1st 

century BCE. The tool pounded, decorticated, and polished 

grain; an otherwise taxing and tedious manual labor. 

The chain pump facilitated irrigation by the 1st century 

CE: especially useful for lifting water from a lower to a higher 

level. 

Paper and printing were other Chinese inventions, 

though ones that had mixed results for societal well-being. 

The Chinese were already using paper money by the time 

Charlemagne, the King of the Franks, printed the first silver 

pennies in the late 700s. Far ahead of the curve with sover-

eign debt, the Chinese had already experienced several cycles 

of inflation and monetary collapse by the time paper money 

was first printed in the West. 

Despite scientific precocity, China did not develop a so-

phisticated economy. The government ensured that. 



92 Spokes 6: The Fruits of Civilization  

Quality craft works were destined for the imperial court, 

government officials, and the relatively few propertied aris-

tocrats. Even iron, the working of which the Chinese had 

mastered, went to weapons and decorative art, but not to 

tools. 

Confucianism frowned on commerce. The few merchants 

who did amass wealth used it to acquire land, and thus as-

cend to the aristocracy. 

Meanwhile, fertile land and fecund people had its effect. 

From 50 million in 600, the population doubled in 600 years.  

Whereas 75% of the Chinese lived in the north in the 7th 

century, by the beginning of the 13th century more than 60% 

were in the central and southern part of the country. To 

maintain order and collect taxes, the government built an 

elaborate network of roads and canals. This facilitated trade 

and led to some geographical specialization of labor. 

Mongol military leader Genghis Kahn came to power in 

the 13th century by uniting the nomadic tribes of northeast 

Asia. He then displayed an ambition unmatched since Alex-

ander the Great by conquering most of Eurasia. Although 

many invasions resulted in wholesale slaughters of residents, 

the Mongols did what barbarian conquerors customarily do: 

settle in by inheriting the civilization of their host.  

During the 13th century, trade between China and the 

Mediterrean flourished more than it did during Roman 

times; and more than it would again until the 19th century. 

A contemporary of Marco Polo described the Great Silk Road 

as "perfectly safe by day and night." 

 The Roman Empire  

The Romans originated as an agrarian society: predomi-

nantly small farmers with a large regard for property rights. 

In their expansion, beginning in the 3rd century BCE, the Ro-

mans hewed to the Greek influences they had absorbed. 

While farming was revered, commerce was held in little 

esteem by the Romans; left in the hands of the lower classes, 

foreigners, and even slaves. Nonetheless, the Roman legal 
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system extended the mind-set of property rights to commer-

cial enterprise: providing enforcement of contracts and equi-

table settlement of disputes. 

At least in economic terms, the apogee of early European 

civilization came in the 1st and 2nd centuries of the Christian 

era. Pax Romana ("Roman Peace") was the first, and one of 

the few periods of stability in human civilization. It lasted 

less than 200 hundred years before turmoil overtook it, as 

Roman conquest took its toll. 

Like most civilizations, the Roman Empire was rotten at 

the core. The privileged class devoted itself to conspicuous 

consumption, cultivating the arts and sciences, government, 

and war. The vast majority who did most of the work were 

slaves or servile peasants who were all but slaves in name. 

Aristotle believed that the distinction between the upper 

and lower classes was biologically determined. This was also 

a Greek tradition that the Romans kept intact. 

 Islam  

As a religious, political, and economic entity, Islam was 

unique in being spawned by a single man who was not first 

and foremost a military leader. 

 Muhammad  

The most excellent jihad is that for the conquest of self. Learn 
to know thyself. ~ Muhammad 

Muhammad (570–632), born in Mecca, Arabia, was or-

phaned at an early age. His formative years were spent in his 

uncle's household. Muhammad's uncle was a merchant, 

which became Muhammad's first occupation. He later 

worked as a shepherd for a time. 

God enjoins you to treat women well, for they are your moth-

ers, daughters, aunts. ~ Muhammad  

Muhammad married at 25. This proved no obstacle to his 

habit of periodically retreating to a cave in the nearby moun-

tains to meditate and pray. 

Much silence and a good disposition, there are no two works 

better than those. ~ Muhammad 
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At the age of 40 Muhammad received his first revelation 

from the angel Gabriel. 3 years later, Muhammad began 

preaching his message, much in the same vein of other Is-

lamic prophets at the time. 

Riches are not from an abundance of worldly goods, but from 
a contented mind. It is difficult for a man laden with riches to 
climb the steep path which leads to bliss. ~ Muhammad 

Muhammad met early resistance from Meccan tribes, but 

that did not last long. Muhammad was a persistent and par-

ticularly persuasive speaker. His blend of pithy practicality, 

compassion, and vigorous spirit went over well. 

Feed the hungry and visit a sick person, and free the captive, 
if he be unjustly confined. Assist any person oppressed, whether 
Muslim or non-Muslim. ~ Muhammad 

By 630 Muhammad had 10,000 adherents. They took over 

Mecca in a largely peaceful conquest.  

It is your own conduct which will lead you to reward or pun-
ishment, as if you had been destined therefor. ~ Muhammad 

Pagan temples were destroyed, first in Mecca, and then 

throughout eastern Arabia. By the time of his death, Muham-

mad had converted most of the Arabian peninsula to Islam. 

Arabia became united as a religious polity. 

The love of the world is the root of all evil. ~ Muhammad 

 

Shortly after Muhammad's death, Muslims lashed out in 

a sustained campaign of conquest. Within a hundred years, 

the Islamic empire stretched from Central Asia, across the 

Middle East and North Africa, all the way to Spain. 

In Muhammad's time, Arabs were primarily nomadic, 

though some practiced oasis agriculture. There were only a 

few urban centers, such as Mecca. 

Then the Arabs cottoned to conquest. The conquered 

lands were only slightly less arid than Arabia, but which in-

cluded 2 cradles of early civilization: the Tigris-Euphrates 

and Nile valleys. Great cities were brought into the fold, in-
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cluding Alexandria and Cairo. This infused Islam with cul-

tural, scientific, and commercial knowledge, but not political 

sagacity. 

After the flush of Muslim conquest in the 7th century, Is-

lamic governance descended into warlordism. A coherent Is-

lamic state did not recur until the conquest of Constantinople 

by the Ottoman Turks in 1453. 

In the meantime, Muslim agriculture reached a high level 

of sophistication and productivity. Although many retained 

their nomadic lifestyle, Islam developed to be a predomi-

nantly urban culture. 

The great opportunity of trade was handed to the Mus-

lims by their fortuitous location. The Islamic heartland lay 

between the Mediterranean Sea and the Persian Gulf, and as 

well access to the Indian Ocean. Caravan routes connected 

China to Europe. 

Wealth, properly employed, is a blessing, and a man may 
lawfully endeavor to increase it by honest means. ~ Muham-
mad 

Because Muhammad had himself been a merchant, Mus-

lims accorded mercantile activity esteem, in stark contrast to 

Christian convention. Although usury was forbidden, Mus-

lim merchants invented numerous financial instruments to 

facilitate trade, including letters of credit and bills of ex-

change. 

For hundreds of years, Arabs and other Muslims were the 

principal intermediaries in trade, by land and sea, between 

Europe and Asia. They were agents in diffusing technology, 

especially from China to Europe, as well as introducing new 

crops, from fruits and vegetables to grains, including rice, 

sugarcane, citrus, cotton, and watermelon. 

Islamic conquest of the erstwhile eastern Greek-speaking 

Roman empire made them the inheritors of that culture. Cou-

pled with knowledge from China, Muslims became world 

leaders in philosophy and science while much of Europe wal-

lowed in the Dark Ages. 

Ancient Greek authors are known today only through Ar-

abic translations. Modern mathematics is based upon Arabic 

notation. Algebra is an Arab invention. 
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The intellectual revival of western Europe owed to Chris-

tian scholars' studies in Muslim lands. Christian merchants 

learned Islamic commercial practices. Though the Pope for-

bade trade with Muslims, that was heeded in the breach. 

After a roaring start, the Ottoman Empire suffered a long 

decline, which owed to being left behind technologically. But 

the root of its rot lay in religion. 

In the late 15th century, Muslim scholars froze interpre-

tation of the Koran. This quiet catastrophe – the conservative 

doctrine known as taqlid – crippled Islam as a dynamic social 

and economic force. Taqlid stifled curiosity, and its enforce-

ment brought intellectual progress to halt. 

In 1577, the construction of a great, state-of-the-art ob-

servatory near Istanbul was completed, replete with a knowl-

edgeable staff to run it. Almost immediately upon the 

observatory's completion, the sultan had it destroyed on the 

recommendation of his religious advisors. This vignette illus-

trates the cultural disease that the Islamic clergy infected 

Muslims with. 

Islamic spiritual sense of superiority spelled its economic 

downfall. The Muslim world recovered economically only by 

the happy coincidence of sitting on an ocean of petroleum that 

came into increasing demand from developed countries as the 

20th century wore on.  

 Feudalism  

The increasing inefficiency and corruption of Roman offi-

cials, along with an escalating tax burden upon its peoples, 

spelled the decline and collapse of their empire. Germanic 

tribes fueled further anarchy in medieval Europe. Thus begat 

Europe's Dark Ages, beginning in the 5th century and lasting 

into the 10th. 

The collapse of the Roman Empire and the societal dis-

ruption of sporadic warring emptied the cities and relapsed 

Europe into a primitive agrarian way of life. As urban civili-

zation disintegrated, the complex international trade econ-

omy that characterized the Roman Empire fell apart and was 

largely replaced by self-sufficient estates. 
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Sizable estates had long existed. Now they no longer pro-

duced for an exchange economy. Estates looked instead to 

their own needs.  

With the decline of towns and virtual disappearance of 

professional merchants, land increasingly defined wealth. 

Sporadic attempts at greater societal order by large land-

owners were countervailed by new incursions: from North Af-

rican Muslims in the early 700s, and Scandinavian Vikings 

toward the end of that century. In the 9th and 10th centuries 

came the Magyars from Hungary, joining the Muslims and 

Vikings in turning western Europe into a battleground.  

The Kingdom of the Franks – lands between what is now 

France, Italy, and Germany – went through several itera-

tions, wrenched by internal conflicts as well as by invasion. 

Maintaining a standing army was beyond the coffers of 

the state, as taxation was spotty, and there was no money 

economy. The solution came in granting warriors income 

from estates confiscated from the church in return for their 

services. Whence arose feudalism, which stratified social or-

der into an economic caste system via individual rights and 

obligations. Just as a king had parceled out large lots of land, 

these enormous estates, encompassing several villages, were 

carved up and granted by great nobles to lesser lords in re-

turn for homage and fealty. This practice was known as sub-

infeudation. 

 Manorialism  

Landlords, like all other men, love to reap where they never 
sowed. ~ Karl Marx 

The economic and social organization underlying feudal-

ism was what the English termed manorialism, which had 

taken shape toward the end of Roman times, when nobles 

transformed their large farms into self-sufficient estates. 

Serfs were bound to the soil, either by law or by simply hav-

ing no other choice. Barbarian invasion shifted the manorial 

system by introducing tribal chieftains into the ruling class. 

Manors varied tremendously, from ill- to well-organized; 

they can be characterized but not typified.  
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A lord's manor took some 25–30% of the property, with 

house, barns, stables, workshops, gardens, and perhaps or-

chards or vineyards. The manor may have been enclosed or 

separated from the peasants, but not necessarily. 

The lands that the peasants tilled lay in large open fields 

around the manor village, which were divided into strips and 

allocated to peasant households. Meadows, pastures, and 

woodlands were normally held in common, with the lord su-

pervising their use while maintaining special privileges. 

Peasants lived in compact villages just outside the walls 

of the manor house or in the vicinity. A peasant cottage was 

1 or 2 rooms with perhaps a sleeping loft. The walls were 

sometimes of wood or stone, but more often mud and wattle. 

The roof was thatched, with a hole for a chimney. The floor 

was packed earth. 

There might be buildings for equipment and livestock, 

but more often the livestock shared the living quarters with 

the family during the winter. Villages were typically located 

near a stream: providing a water supply, possibly a mill, and 

perhaps a smithy. 

As aforementioned, manors varied greatly in their man-

ner. The system of small fields and isolated dwellings which 

were typical in Roman times persisted throughout the Middle 

Ages in most of Italy and southern France. 

Sometimes peasants lived in scattered hamlets or iso-

lated farmsteads, not villages. Infertile soil or hills created 

such separation. 

Where manorialism was introduced – in the Iberian pen-

insula, eastern Germany, and England – its variations ema-

nated from existing social systems, climate, terrain, and soil; 

but its precepts and constructs of social order were much the 

same. 

Like feudalism, manorialism was not a static institution. 

Manorialism changed over several centuries, divergently in 

different regions. It did so during a period of political turmoil, 

frequent mass outbreaks of violence, primitive production 

technologies, and often declining population and commercial 

activity. 

Although manorialism was not consciously designed, it 

succored social stability while supporting a sparse population 
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at a low level: at a cost of great sufferance for the vast major-

ity to the benefit of a very few. Antithetical to initiative and 

hence to innovation, manorialism nonetheless slowly 

evolved: leading to technological, social, and economic 

changes. 

 Production  

Work on a manor proceeded with a customary mixture of 

coercion and cooperation, affording miniscule scope for indi-

vidual initiative. Plowing, sowing, and harvesting involved 

almost all village inhabitants. 

Because a family's strips of land were scattered in an 

open field system, work necessarily involved cooperation. Be-

sides, plowing took a team of oxen, and peasants rarely 

owned more than 1 or 2. Harvesting was also done in com-

mon. 

 Livestock  

Depending upon region, livestock played various roles in 

medieval agrarian economies. Their crucial function was as 

draft animals. Oxen were found throughout Europe. 

Other draft animals were also employed: horses in Russia 

and northwestern Europe from the 10th century on; donkeys 

and mules in Spain and southwestern France, and water buf-

falo in parts of Italy. 

Oxen, unlike horses and mules, were docile, easy to raise, 

and ate mainly grass and hay; hence their prevalence.  

Milk cows were necessary to breed oxen. Their dairy prod-

ucts provided a benefit. In the poorest areas, cows were also 

drafted. 

In the Celtic region of Brittany, Wales, Scotland, and Ire-

land, outside manorialism, where tillage was seldom prac-

ticed, semi-nomadic tribes lived almost exclusively off their 
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cattle herds. In Scandinavia too, especially Sweden and Nor-

way, livestock was more important than agriculture. 

Manors had cattle, swine, and sheep for their meat (sheep 

also for their wool), and incidentally for the fertilizer they 

made; but stock raising was secondary to the harvest of the 

fields. 

Northwestern Europe was different. More rainfall pro-

vided better pastures and the forests afforded forage for cat-

tle, horses, and swine. 

In southern Europe, with its Mediterranean climate, live-

stock were less important. Transhumance pasturing of goats 

and sheep was more the norm. Flocks wintered in the low-

lands and were driven to mountain pastures for spring and 

summer. 

Grazing was not without ecological and economic costs. 

Herded flocks damaged fields during their passage. Over-

grazing in the mountains led to soil erosion and contributed 

to deforestation. 

Horses were not employed for plowing before the 10th 

century. This partly owed to cost: horses were more expensive 

to breed and feed. They were also in demand for war and 

transport. There was another, technical reason. The first 

horse collars were badly designed: they cut across the throat, 

restricting breathing, particularly for drafting. 

A new horse collar design was introduced from Asia 

which rested on the shoulders. The new collar let horses re-

place oxen when coupled with shoeing, which protected the 

more delicate hooves that horses had. 

While a horse, stronger and faster, could do 3–4 times the 

work of an ox, it cost 3–4 times as much to employ. Thus, the 

benefit of drafting horses was a fine economic calculation. 

Feeding horses requires a steady supply of oats. That 

ruled out the Mediterranean basin, with its 2-crop rotation. 

To take advantage of horse productivity, the land worked 

had to be a relatively large field, and sufficiently productive. 

Draft-horse husbandry found a home in northern France, 

England, Flanders, and parts of Germany, but did not en-

tirely replace oxen. Draft horses were employed in eastern 

Europe to a limited degree, especially Russia. 
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 Agriculture  

The most significant innovation in medieval agriculture 

came in 3-crop rotation rather than the 2-crop of the classical 

Mediterranean.  

In 2-crop rotation, planted fields were left fallow in alter-

nate years, to retain soil fertility and accumulate moisture. 

This worked well for the light soils and long, dry summers of 

the Mediterranean basin. The relatively light Mediterranean 

plow sufficed to furrow a field. 

A typical rotation might be a spring crop – barley or oats, 

sometimes beans or peas – harvested in summer; an autumn 

sowing of bread grains – wheat or rye – reaped the following 

summer. Then the land lay fallow for a year. 

Settled agriculture was seldom practiced before Rome ex-

tended its reach into northwest Europe. The Gauls and Ger-

manic tribes relied largely upon their cattle herds. When 

field crops were planted, slash-and-burn cleared the ground. 

A location went abandoned when soil fertility declined. 

The Romans brought their agricultural practices, but 

their plows were impotent in penetrating the deep loam soils 

in the northwest, so the Romans limited themselves to sandy 

soils and chalky hills with adequate drainage, avoiding the 

heavier dirt in the more fertile plains and valleys. 

The heavy-wheeled plow was able to break the thick soil. 

The date and place of its invention has been plowed under by 

the mists of time, but it was well after Roman times. The 

heavy plow required several oxen or other draft animals, and 

so contributed to cooperative cultivation. 

The moist climate of northwestern Europe and richer soil 

meant that leaving fields fallow was unnecessary, particu-

larly if alternate crops were planted in rotation. 

The innovation of 3-crop rotation began in northern 

France in the late 8th century. By the beginning of the 11th 

century 3-crop rotation was the norm throughout northwest-

ern Europe. 

3-crop rotation yielded 33% more food and was more effi-

cient as well. It also reduced the risk of famine from crop fail-

ure. Other innovations, including better agricultural 

implements, contributed. 
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With more land available for exploitation came greater 

variety. This improved nutrition. 

The upshot was a burgeoning population. Western Eu-

rope had 12–15 million people in 1000. Within 300 years it 

was 3 to 4 times that: 45–50 million. 

 Taxation  

Peasants were obliged to labor to some extent on the 

lord's manor or for his benefit: 3 days a week was typical. 

Women spun yarn and wove cloth. Children were employed 

as household servants. 

Beginning in the 10th century a social movement began 

which gathered pace with distinct intensities in different 

places: to commute labor services into rent payment. Some 

rent was collected on a regular basis, while other obligations 

came due on special occasions. Livestock, including chickens, 

and other commodities were forked over, as was money, in 

whatever form. 

In 13th-century England, manorial extractions from 

peasants may have been 50% or more in some places. A tithe 

to the church, and at times royal taxation, were sometimes 

heaped on top. Peasants were purposely kept impoverished.  

 Society  

The lords provided protection and maintained order; the 
clergy looked after the spiritual welfare of society; and the peas-
ants labored to support the 2 higher orders. Stated more pithily, 
the lords fought, the clergy prayed, and the peasants worked.  
~ Rondo Cameron 

Feudal society was a pyramid. At the top was the ruling 

class: accounting for less than 5% of the population, with the 

king at the top, through various nobles, to the lowliest 

knight. 

The clergy was the only class that was not biologically 

self-perpetuating, at least in principle if not practice. The 

clerical order bifurcated into the regular clergy, who with-

drew from ordinary community life into monasteries, and the 

secular clergy – priests and bishops – who participated in the 

community. In the early Middle Ages, the monasteries had 
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greater prestige. The status of the secular clergy rose with 

the economic upswing from the 10th century onward, as 

towns revived, and church officials played roles in both civil 

and religious life. 

The clergy had its own stratification, based upon the so-

cial standing of the individuals entering the institution. 

Those of noble heritage were often destined for higher posi-

tions, whereas folk from more humble origins might aspire to 

a parish priesthood or a clerical office within a monastery. 

Vertical mobility for clergy surpassed that of rural society but 

was much less than civil society in town. 

Peasants hypothetically broke into 2 classes: free and ser-

vile, but these were not nearly as distinct as the terms imply. 

Chattel slavery, Roman style, gradually died by the 9th cen-

tury, except for the household slaves of nobility. Peasants 

who worked the land – supposed freemen – suffered under 

conditions that rendered them practically servile. Truly free 

men were a real rarity. 

The power of lords was modestly circumscribed. Serfs 

were bound to the soil, not the property of the lord of the 

manor. 

As manorialism evolved so too the social status of the 

peasantry. Into the 10th century the rights and obligations 

of slaves and freemen became increasingly similar, as eco-

nomic conditions constricted freemen, while slaves gradu-

ated to serfdom, which was a name change without much 

practical distinction. 

Serfdom was declining somewhat by the time of the Black 

Death which reached western Europe in 1347. There was a 

progressive easing of servile restrictions, though not of the 

economic extractions that kept liberty out of reach. The 

French Revolution was a culmination of the trend toward 

ending servility in the legal sense. 

Conversely, while servitude was withering in the west 

from the 12th century on, serfdom as an institution gathered 

strength in central and eastern Europe, where it persisted 

into the mid-19th century. 
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The term feudalism arose as the societal institution itself 

was abating. Manorialism was one incarnation. There were 

others. 

The societies of ancient Mesopotamia, Persia, and Egypt 

were feudal; as was China from 1000 BCE to 200 CE, from the 

Zhou through Han dynasties, and again during the Qing 

Dynasty (1644–1912); India (1200–1600), prior to its conquest 

by the British East India Company, which introduced an al-

together different economic repression; and Japan during the 

Tokugawa Shogunate (1603–1868). Each had its own flavor of 

social and economic hierarchies. 

 

The most significant factor in the rise of capitalism was 

the failure of feudalism to provide for its populations. Histo-

rians have identified 3 main reasons for the "crisis of feudal-

ism." 

1st: the Little Ice Age. Western Europe suffered a series 

of prolonged severe chills beginning around 1300. This af-

fected food production, which consequently increased hunger 

and epidemics throughout Europe. 

2nd: the productivity of land for food production reached 

a point of diminishing returns given existing technology. 

Technological development slowed because there was no mo-

tivation for peasants to innovate. Any increase in surplus 

would merely be appropriated by the lords, who had no real 

knowledge of the land or practical experience in agriculture. 

3rd: after 1,000 years of feudal domination, the peasantry 

could no longer afford to support an aristocracy growing in 

number and expenditure. The lords of the land became an 

increasingly crushing burden. 

 Medieval Europe  

The urban population of Europe began to decline even be-

fore the fall of Rome. The city of Rome had a million inhabit-

ants in the 1st century CE. By the time barbarians crossed 

the Rubicon River on their way to plunder Rome the city had 

lost over half its population. At the end of the 14th century 

Rome had less than 20,000 people. 
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Many urban sites in northern Europe were abandoned 

during the Dark Ages. Others remained hollow shells, the 

population largely depleted. Basic supplies were drawn from 

the surrounding countryside. 

Trade over long distances was largely confined to luxury 

goods, including slaves. This was conducted by foreigners, 

mainly Jews and Syrians, for the benefit of both secular and 

religious men of means. 

 Urban Revival  

Although Italian cities suffered from invasions and pil-

lage, the urban tradition clung. Their association with the 

Byzantine Empire between the 6th and 9th centuries was vi-

tal, as were contacts with Islamic civilization after the 7th 

century, which helped kept port cities alive despite incur-

sions. By the 11th century Italian cities were at least as vi-

brant as those to the north. 

While urban renewal began in the port cities it was not 

long confined there. The Lombard and Tuscan plains were 

the hinterlands of Venice, Genoa, and Pisa. They were also 

the most fertile and productive agricultural areas in Italy.  

Milan in Lombardy and Florence in Tuscany were vibrant 

examples of an intense interaction between city and country 

that fed cities both supplies and people. In the 11th and 12th 

centuries these cities repulsed feudal attempts at takeover. 

The manorial system was designed for self-sufficiency. 

Market pressure hastened its demise. By the 10th century 

money rents were replacing tenant labor services.  

Feudal lords leased or sold properties to agricultural en-

trepreneurs who had made their money through commerce. 

Manorial open fields were splintered, enclosed, and subjected 

to intensive cultivation by applying the same calculations of 

cost and revenue that accompanied business dealings. 

Feudalism was overwhelmed in the cities. Some kings 

and lords tried to treat towns as vassals, but the exigencies 

of governance over wealthy merchants were beyond them. In-

stead, similar to ancient Greco-Roman city-states, urban cen-

ters extended their power over the surrounding countryside. 
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By 1300 200,000 lived in Milan, while over 100,000 each 

populated Florence, Genoa, and Venice. Several other Italian 

urban centers housed 20,000–50,000.  

Meanwhile, the population of Paris was around 80,000. 

London was home to some 30,000. Cologne, the largest city 

in Germany, was about the same. 

The only region comparable to northern Italy was the 

southern Low Countries, especially Flanders and Brabant. 

The population density of this region was the greatest in Eu-

rope, coupled to the most advanced and intensive agriculture, 

as well as hosting the predominant commercial and indus-

trial centers. 

 

With commerce ascendant, the to-and-fro of conquest, pil-

lage, and trade continued apace, centered between Italy and 

the Levant. The Venetians and Byzantine Empire had been 

trading since the empire was founded. In the 11th century 

the Venetians secured a commercial coup in return for aid 

against the Seljuk Turks: duty-free port access throughout 

the empire, a privilege that native merchants lacked. 

Meanwhile, Genoa and Pisa drove the Muslims off the is-

lands of Corsica and Sardinia, attacked and looted their 

north Africa strongholds, and then extracted most-favored 

trading status for themselves. 

The Crusades were a series of Christian assaults against 

various targets, including a pogrom against endemic Jews in 

Europe during the upswing to the 1st Crusade at the end of 

the 11th century. Though billed by the papacy as reclaiming 

the Holy Land (and other conveniently located territories), 

the Crusades were essentially overelaborated looting sorties 

that failed more often than not. Regardless of outcome, in the 

aftermath the Italians made the necessary treaties with 

Muslims which ensured that trading continued. 

Some of the most exotic wares to Europe in the 13th to 

mid-14th century came from China, and, to a much lesser de-

gree, India. Again, Italians dominated the trade.  

The Mongol rulers, despite their reputation for ferocity, 

welcomed Christian missionaries and Western traders. The 

crusade there was strictly commercial. 
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As early as the 12th century, regional specialization in 

producing various goods occurred. The most famous example 

was wine from Bordeaux, but grain from the Baltic lands in-

creasingly fed the urban Low Countries, and Flemish weav-

ers relied upon raw wool from England. 

 Champagne Fairs  

The Counts of Champagne ruled that northeast region of 

France from 950 to 1316. In the 12th–13th centuries an an-

nual cycle of trade fairs was held in different towns in the 

region. The counts provided facilities and travel protection 

for the Champagne fairs as well as special commercial courts 

to resolve disputes. Located roughly halfway between Eu-

rope's most economically developed areas – northern Italy 

and the Low Countries – the Champagne fairs significance 

echoed through time.  

Credit instruments were devised that survived long after 

the fairs had ceased. Champagne fair business was con-

ducted entirely on credit. At the end of one fair an unsettled 

balance was carried over to the next; a kind of bill of ex-

change. Although bills of exchange emerged from commodity 

trade they evolved into purely financial instruments, only in-

directly connected to commodities. 

The precedents of the Champagne commercial courts car-

ried on as an influence in law and adjudication in several Eu-

ropean countries. 

 

The capitalist system did not start with industrialization 

in 18th century England, but with the commercial and finan-

cial enterprises that were first most vibrant in Italy. In out-

look and impact this early phase was as revolutionary as 

later industrial capitalism. 

Early traders and financiers had the impulses and meth-

ods of capitalism: pursuit of profit so as to accumulate 

wealth, and long-distance operations from long-term plan-

ning. Contract and exchange replaced the status and servi-

tude of early economic activity, as competition was condoned 

as the inevitable outcome of acquisitiveness. 
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Faith in rationality permeated economic pursuits which 

translated into market transactions infused with utilitarian 

business ethics. It was this early vibrant capitalist activity 

which led to the intellectual movement that launched the Re-

naissance in the 14th century. 

 By Land & Sea  

Mile for mile, transport by sea was much easier and less 

expensive than hauling goods over land. This was especially 

true prior to the employment of fossil fuel engines. Hence the 

especial importance of Mediterranean seaborne trade, and 

the necessity of access, if not control, of the best shipping 

lanes.  

Trade between southern and northern Europe was the ex-

ception to water transport. Before technological advances in 

shipbuilding and navigation in the late 13th century the sea 

route between the Mediterranean and North sea was hazard-

ous and largely unprofitable. Despite their jeopardy the Al-

pine passes were more heavily trafficked than the Straits of 

Gibraltar.  

In the 2nd decade of the 14th century both Venice and 

Genoa organized annual seagoing convoys from Mediterra-

nean ports directly to the great perennial market in Bruges, 

and later Antwerp. This undercut the Champagne fairs 

somewhat, but the fairs' historic significance was much 

greater. 

 Trading Companies  

Besides opening a new phase of transport and economic 

relations between southern and northern Europe, the seago-

ing ventures inspired a shift in scale, both in commercial vol-

ume and business organization. Trading and financial 

companies replaced itinerant merchants. 

European merchants until the 10th century were typi-

cally foreigners: anyone from the Levant, Jews included. 

With the revival of commerce, native Europeans increasingly 

took up the occupation.  
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The mercantile life was arduous: requiring stamina, cour-

age, and business acumen. These medieval road warriors typ-

ically traveled in caravans for safety, bearing their own arms, 

or employing armed guards to ward off bandits. Travel by sea 

tempted piracy and risked shipwreck. 

Under the simplest scenario a merchant's entire capital 

was his merchandise. An early form of partnership arose in 

the 10th century – commenda – where 1 or more merchants 

provided the capital for another who traveled and traded. 

The money typically came from merchants too old to take the 

rigors of the road and the sea, and who could afford to do oth-

erwise. Commenda were generally used for maritime trade. 

The practice evolved into investment capital; thus arose the 

concept of a company. 

The Italians were early adopters of vera societá. By the 

12th century Italian companies were combining commerce 

with banking. The Florence-based Bardi and Peruzzi compa-

nies were the biggest business organizations in the world be-

fore the great chartered companies arose in the 17th century. 

Both went bankrupt in the 1340s from extending too much 

credit to impecunious sovereigns like King Edward III of 

England. 

 Finance  

As maritime commerce grew, financing and risk-spread-

ing was arranged for merchants unable to afford their own 

ship, or without sufficient merchandise to fill a ship. Ship 

owners might lease their ships to several separate merchants 

who joined forces, or an entrepreneur might lease an entire 

ship then sublease to other merchants. 

Sea loans were devised that gave investors a share of the 

trading profits without violating usury laws. Maritime insur-

ance was common by the end of the 13th century. 

A major reason for widespread dependence upon credit 

owed to coinage confusion. Europe has no stable currency un-

til the famous gold florin, first issued in 1252 in Florence. 

Nonetheless, credit had already become an indispensable 

mainstay of commerce.  
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 Manufacture  

Although medieval Europe was largely an agrarian soci-

ety, manufacture increasingly became a significant part of 

the economy with the passing centuries. 

There was some regression in technology and competence 

during the Dark Ages, such as architecture and building, but 

by 1000 technical acumen had at least recovered to the stand-

ard of Roman times. Innovation made fairly steady progress 

thereafter. From a historical viewpoint, there was a continu-

ity from medieval to modern times. 

The manufacture of cloth dominated medieval industry, 

followed by building. Early only, most households in every 

country spun cloth. By the 11th century, some specialization 

had occurred. Flanders was a locus of one of the most im-

portant fabric regions. Other centers include northern Italy, 

southern and eastern England, and southern France. 

Wool was woven more than any other fiber. Quality dif-

ferences accounted for widespread trade within Europe. 

Linen was made in many areas, especially France and 

eastern Europe. Cotton and silk production were limited to 

Italy and Muslim Spain. 

Technological innovation spread quickly throughout Eu-

rope at the beginning of the 12th century. Water-mill wool-

fulling was invented. The pedal loom supplanted the simpler 

weaving frame, and the spinning wheel replacing the distaff. 

Metallurgy only progressed in the latter Middle Ages. As 

iron became cheaper, its use went from weaponry to more 

utilitarian tools. 

Improved technology in ironworking and increasing out-

put owed to consumer demand. When peasants and artisans 

owned their own tools, they bought the best they could afford, 

as their well-being owed to the efficacy of their efforts. The 

widespread use of horseshoes, iron fittings on harnesses, 

carts, and plows evidenced awareness of this. 

Leather was an important material, put to diverse use: 

saddles, harnesses, clothing, furniture, and industrial equip-

ment, such as bellows. Likewise, worked wood found hun-

dreds of uses, both utilitarian and ornamental. 
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 Waterwheels & Windmills  

Simple, horizontal waterwheels were used by the 2nd 

century BCE in both China and Europe. Roman engineer Vi-

truvius (31 BCE–14) described them. No one knows who in-

vented waterwheels.  

There were occasional instances where waterwheels were 

used to grind grain during imperial Roman times, but Em-

peror Vespasian (69–79) reputedly rejected using a water-

driven hoist to raise boulders for fear of engendering unem-

ployment.  

Whether slave or free, labor was cheap in the Roman em-

pire. No need was seen for labor-saving devices. That would 

change, even in Roman times: in the 4th century, an immense 

flour mill at Barbegal in southern France employed 16 over-

shot watermills. 

A survey of England in 1086 counted 5,624 waterwheels 

in 3,000 villages. Most of the waterwheels were vertical, over-

shot wheels with complicated gearing. England at the time 

was by no means the most advanced country in Europe, ei-

ther economically or technologically.  

By the beginning of the 14th century waterpower was 

used for grinding, crushing, and mixing many materials, in 

the making of paper and cloth, among other things, as well 

as moving bellows and trip hammers for furnaces and forges. 

As early as the mid-11th century a waterwheel powered 

by the movement of the tides was used in Venice. Within the 

next few centuries many other such wheels were erected on 

the seacoasts of Europe. 

Despite their utility waterwheels had limitations, start-

ing with the need for flowing water. This made them unsuit-

able for dry or marsh lands. 

Windmills appeared on the plains of northern Europe in 

the 12th century. They were especially important in the Low 

Countries (which were mostly marsh). 
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 Clocks  

Water and windmills required complicated gearing. This 

need drove empirical knowledge of practical mechanics, 

which was put to use in making clocks. 

As early as the 12th century, the demand for water clocks 

flowed so strongly that there was a specialized guild of clock-

makers in Cologne. The next century saw the mastery of 

gravity-driven clocks.  

By the 14th century, every city in Europe with any civic 

pride had at least 1 large clock that not only tolled the hours, 

but also entertained with mechanical dancing bears, march-

ing soldiers, or bowing ladies.  

In 1364, after 16 years toil, Italian physician and astron-

omer Giovanni de' Dondi completed building a clock that not 

only told time, but also tracked the movements of the Sun, 

Moon, and 5 known planets. This was 2 centuries before Co-

pernicus' heliocentric model of the universe was posthu-

mously published. 

 Time Is Money  

Medieval conquest of clockwork had implications beyond 

mechanical manipulation and labor-saving. Clocks made peo-

ple more aware of the passing of time within the day. 

While the concept that "time is money" dates at least to 

the ancient Greeks, the increasing ubiquity of clocks intro-

duced greater punctuality into human affairs. 

Coupled with commerce, technology – especially clock-

work – fostered an empowering mental shift about the mate-

rial world. Man appeared no longer a mere pawn of natural 

forces. Nature now seemed to be something which could be 

tamed and harnessed for profit. 

The clock paradigmatically inspired science. Shortly after 

Dondi completed his clock, French philosopher Nicole Or-

esme compared the dynamics of the universe to clockwork, 

created and regulated by the supreme clockmaker: God.  
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Oresme's mechanical mantra was taken up by Johannes 

Kepler, Isaac Newton, and other natural philosophers. Its ap-

peal was a cognizable cosmos, instilling a mind-set that in-

tended to codify the workings of the world via axioms.  

This mechanistic worldview would dominate science to 

the present day. Formulaic approaches to physics and genet-

ics have suffered as an avalanche of facts insist upon subtle 

complexities which have shown sophistic models as rough ap-

proximations at best. Humanity doesn't have the math to 

model what lies beyond its blinkered understanding. 

 

While political power centralized during the 12th and 13th 
centuries, the energies and talents of Europe were gathering in 
one of civilization's great bursts of development. Stimulated by 
commerce, a surge took place in art, technology, building, 
learning, exploration by land and sea, universities, cities, bank-
ing and credit, and every sphere that enriched life and widened 
horizons. Those 200 years were the High Middle Ages.  
~ American historian Barbara Tuchman 

Bouts of prosperity have repeatedly ended because of 

greed gone overboard and grasping governance. In the in-

stance of medieval Europe, a perfect storm of misfortune 

swept the continent.  

 The Black Death  

How many valiant men, how many fair ladies, breakfast with 
their kinfolk and the same night supped with their ancestors in 
the next world! The condition of the people was pitiable to be-
hold. They sickened by the thousands daily and died unat-
tended and without help. Many died in the open street, others 
dying in their houses, made it known by the stench of their rot-
ting bodies. Consecrated churchyards did not suffice for the bur-
ial of the vast multitude of bodies, which were heaped by the 
hundreds in vast trenches, like goods in a ship's hold, and cov-
ered with a little earth. ~ Italian author Giovanni Boccaccio in 
the mid-14th century 

The episode that closed the Middle Ages began in 1348, 

as bubonic plague reached Europe from Asia. The Black 
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Death spread rapidly along trade routes, infecting cities and 

towns.  

For 2 years the Yersinia pestis bacterium ravaged the con-

tinent. Nearly 90% of the population of Paris died. Europe as 

a whole lost at least 1/3rd of its people. Some mortality esti-

mates run as high as 60%. 75 to 200 million people died. 

The Black Death traveled down the Silk Road, reaching 

the Crimea by 1346. From there, oriental rat fleas, riding on 

the black rats that were regular stowaways on merchant 

ships, made their way throughout the Mediterrean and Eu-

rope. 

The pandemic became endemic as the bacterium evolved 

into several forms of plague. New outbursts occurred every 

10–15 years until the end of the 14th century.  

The cause of the Black Death was unknown at the time. 

Superstition took hold and spurred religious fanaticism. Var-

ious minorities were blamed, including Jews, foreigners, fri-

ars, pilgrims, beggars, lepers, and Roma (gypsies). People 

with skin diseases – lepers and those with acne or psoriasis 

– were singled out and exterminated throughout Europe. 

The Black Death itself was furthered by superstition. 

Cats, which normally kept the rat population in check, were 

slaughtered in large numbers: feared as consorts of Satan.  

Pogroms against Jews were popular. The Jewish commu-

nities in Cologne and Mainz were exterminated in 1349. By 

1351 210 European communities of Jews were wiped out. 

War added to the calamity. During the 100 Years' War 

(1338–1453) between France and England, much of western 

France was devastated by a deliberate policy of destruction. 

In eastern Europe, the venerable Byzantine Empire finally 

succumbed to the onslaught of the Ottoman Turks. 

While the Black Death was the most melodramatic crisis 

of the medieval economy, it only compounded a dismal situa-

tion. By the end of the 13th century population growth was 

slowing from the past 2 centuries. 

Toward the end of the 13th century, the extensive defor-

estation of earlier centuries stopped. In some areas, including 

Spain and Italy, the loss of trees had contributed to soil ero-

sion and fertility decline. Farther north, landlords opposed 

further clearings, fearing for their hunting privileges, while 
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peasants needed the remaining forests for firewood and graz-

ing animals. Disputes between peasants and lords erupted 

over forest use, with occasional outbreaks of violence. 

With no new arable land, the meadows and pastures pre-

viously used for grazing were converted to growing crops. 

This led to fewer livestock, and less manure fertilizer; wors-

ening a shortage that already existed. 

Even as more land was brought into cultivation, crop 

yield declined. The new lands were not as productive, and ef-

forts made to increase yields were too little and too late. 

The climate turned unfavorable in the 14th century. In 

northern Europe, winters became colder, longer, and wetter. 

The entire Baltic Sea froze over on 3 occasions. 

Grain refused to ripen in Norway. Grapes would not grow 

in England. Crop failures and famine increasingly afflicted 

the continent during the 1st half of the 14th century. The 

Great Famine of 1315–1317 hit all of northern Europe. The 

death rate leapt to 10 times the norm. 

As the medieval economy expanded in the 12th and 13th 

centuries there came the trend to turn labor services into 

money rents, whereupon landlords leased their demesnes to 

the more prosperous farmers. As growth continued, the 

prices of agricultural goods rose while wages fell, owing to 

surplus population. 

While those with land made out well, peasants found 

themselves in steadily worsening straits. Meantime, kings 

and other rulers were increasing the tax burden. 

The Black Death reversed the wage-price squeeze. De-

mand diminished with the sharp population drop. Prices fell 

precipitously while the labor shortage shot wages skyward. 

The first reaction by the authorities were wage controls. 

With all the dramatic upheavals, long-simmering resent-

ments against oppression turned violent. Flemish workers 

and peasants rose up against their lords and masters during 

the Great Famine. During the 2nd half of the 14th century, 

revolts, revolutions, and civil wars erupted all over Europe. 

The violence seldom achieved its intended aims; but, in west-

ern Europe, the changed economic conditions released peas-

ants from manorial bondage.  
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Despite the strength of the ruling classes, controlling la-

bor proved impractical, as landlords competed with one an-

other to attract peasants to work the land. Real wages were 

the highest ever in history to date and remained unmatched 

until the 19th century. 

The Black Death and its aftermath proved a strong social 

purgative. Western Europe was poised to enter a period of 

renewed vigor as the 15th century dawned. 

Increased competition resulted in regional shifts in man-

ufacture and trade. Some cities, such as Venice and Florence, 

exercised military force to extend their dominion. 

Regional alliances jockeyed for power. The German 

Hansa – a league of trading cities – revived, and for almost a 

century dominated trade in the North and Baltic seas, until 

overwhelmed by Dutch and English organizations toward the 

end of the 15th century. 

In contrast to western Europe, social evolution in eastern 

Europe went in reverse. There were fewer towns in this less-

populated region. Market forces were weaker. After the Black 

Death, town life withered and markets mummified. The 

economy reverted to subsistence. Peasants had the unhappy 

alternatives of serfdom or fleeing to unoccupied or uncharted 

lands, a prospect fraught with peril. Unchecked by higher au-

thority, landlords forced peasants into a servitude not expe-

rienced in western Europe since the 9th century. 

 The Early Modern Period  

The economic revival that began in earnest in western 

Europe in the mid-15th century continued through the 16th. 

Western Europeans were traveling the globe. Early in the 

17th century, the usual checks of plague, famine, and war 

decimated the population of central Europe. 

 

The roots of unbalanced development and inequality 

around the world today grew from European expansion. The 

Western industrializing world was able to live beyond the 

constraints of its resource base by pillaging other lands and 
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seas. This formed the basis for a vast increase in unsustain-

able consumption, and an obscene standard of living for mas-

ters of capital in the upper class. Much of the price of that 

achievement was paid for by the poverty and suffering of peo-

ple in the places exploited: in Africa, Asia, the Caribbean, and 

central and south America. The current economic and envi-

ronmental problems in the world can only be understood in 

the context of global dynamics that evolved from the 15th 

century. 

 Age of Discovery  

The introduction of foreign technologies to Europe, as 

well as domestic advances, enabled the Age of Imperialism: 

pillaging on a massive scale; but what history books kindly 

call the Age of Discovery, starting in the early 15th century 

and continuing to the end of the 18th. 

Before the Europeans set sail, Beijing was the world's 

largest city and nearly all the other sizable cosmopolitan cen-

ters were in warm regions outside Europe. European explor-

ers sought reliable routes to Asia partly because 

technologically advanced civilizations were there. 

The Europeans saw the rest of the world not just as potential 
suppliers of luxury foods and industrial crops but also a source 
of timber, minerals, and other raw materials. The impact of 
these trades also produced dependent economies characterised 
by underdevelopment and poverty. ~ English historian Clive 
Ponting 

Developments in navigation and shipbuilding were vital 

to seaborne exploration. The Chinese magnetic compass 

came to Europe by way of the Arabs, reducing guesswork. 

Cartography improved. Larger, more seaworthy ships, with 

more masts and better sails, and greater cargo area, enabled 

longer voyages. 

The practical mechanics that started with clocks was ap-

plied to firearms, which were crucial for conquest when out-

numbered. Like the compass, gunpowder came from trading 

with Muslims. 

There were no major technological breakthroughs in Eu-

rope, either in industry or agriculture, in the 15th and 16th 
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centuries. Instead, incremental improvements were enough 

to set sail and subdue resource-rich savages wherever they 

may be found. 

Prior to having magnetic compasses, the Italians were 

ahead of others in navigation. As early as 1291, a Genoese 

expedition in oared galleys headed down the west coast of Af-

rica in search of India. They were never seen again. 

Among the Italians were excellent explorers who were 

leaders in the art of navigation; among them were Columbus, 

Cabot, Vespucci, and da Verrazano. Italian ship designs were 

conservative, so their lead in the open sea was lost to the 

Flemish, Dutch, and Portuguese. 

 Portugal  

A small, backward country, Portugal was the most sur-

prising success in Europe's imperialist impulse. It owed to 

fortuitous timing, as well to the skill and courage of Portu-

guese shipbuilders and explorers. 

Henry the Navigator (1394–1460), the 3rd child of the king 

of Portugal, was devoted to reaching the India by sea. He set 

up an institute to study navigation and cartography, and, 

from 1418, sent expeditions down the African coast almost 

every year until he died. 

Henry did not live to realize his ambition. During his life 

Portuguese sailors had barely passed Cape Verde, the west-

ernmost point of Africa. But the work carried out under his 

patronage laid the foundation for subsequent exploration. 

After Henry's death, exploration slackened for lack of 

royal patronage. But when a new king, John II, came to the 

throne in 1481, sailing to the India got fresh wind in its sails. 

Portuguese explorer Vasco da Gama succeeded in his 

1497–1499 voyage, at a cost of 2 of his 4 ships and 2/3rds of 

his crew: to disease, mutiny, storms, and unpleasant encoun-

ters with Arab merchants and his Hindu hosts. But the spices 

in his cargo hold paid for the expedition many times over. 

Feeling flush, the Portuguese lost no time in sailing forth 

to further profits. Within a dozen years they had swept the 

Arabs off the Indian Ocean and had established trading forts 



 Economics 119 

from Mozambique and the Persian Gulf to the fabled Spice 

Islands. 

The Portuguese reached South China in 1513. They ar-

rived in Japan in 1543: the first Europeans to do so. Trade 

followed. 

The Portuguese were masters of the Indian Ocean by 

1515. Despite the mocking references to the Portuguese ruler 

as the "Pepper Potentate" and "Grocer King," the Portuguese 

were unable to secure the spice trade monopoly they sought.  

At the beginning of the 16th century Portugal had only a 

million inhabitants. Other than a few small cities, the econ-

omy was predominantly subsistence. On the coast, fishing 

and salt-panning were the primary occupations outside agri-

culture. 

Portuguese economic prowess entirely owed to the small 

number of able-bodied seamen who sought their fortunes 

overseas: a number which averaged at any time only about 

2,400. 

Rather than conquer or colonize territory, the Portuguese 

focused on controlling the sea lanes from strategic seaside lo-

cations, thus facilitating hugely lucrative trade. Their initial 

success in the Indian Ocean disrupted the traditional trade 

routes, but these were gradually reestablished. By the end of 

the 16th century those routes handled more trade than the 

Portuguese fleet. 

Owing to a paucity of people the Portuguese were spread 

thin. Even at their peak maritime strength in the 1530s, they 

possessed only about 300 ocean-going ships, with some of 

those on the Atlantic Ocean – African and Brazilian – routes. 

It proved impossible to police routes over 2 oceans with so 

few ships. The crown was obliged to rely upon on contractors 

as well as royal officials. Both were inefficient and corrupt. 

Royal officials, while endowed with extensive powers, were 

poorly paid, so they supplemented their scant salaries by 

bribes from smugglers or their own illicit trading. Crown con-

tractors simply took what they could when they could. 

While the spice trade is most famous, it was only one of 

several that Portuguese kings attempted to monopolize for 
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fiscal solvency. Among them were gold, ivory, and slaves. At-

tempts were even made to monopolize maritime trade with 

domestically produced staples, such as salt and soap. 

What the crown could not monopolize it tried to heavily 

tax. This of course encouraged evasion, which was wide-

spread. The higher the tax, the greater the incentive to smug-

gle. 

The upshot was that Portuguese kings, like their Spanish 

counterparts, had to borrow to support their lavishness. This 

was mostly for short terms at high interest rates, against fu-

ture deliveries of highly salable commodities such as pepper. 

The lenders were most often foreigners – Italians and Flem-

ish – or those that had effectively been forced to specialize in 

portable wealth: Jews.  

In the 1530s the Portuguese crown became alarmed at 

French freebooters along the Brazilian coast. As the English 

did in the 17 century, the king made land grants to private 

individuals in hopes of securing settlers at little expense. 

The early Portuguese colonies did not flourish. The na-

tives were often hostile and provided neither a market for 

Portuguese products nor reliable labor for the Brazilian econ-

omy. Not until the 1570s, with sugarcane and African slave 

labor, did Brazil amount to much to the Portuguese imperial 

economy. 

In 1580 Portugal fell to the Spanish crown. From there its 

colonial legacy was picked apart by depredations from the 

Dutch and others.  

 

 Christopher Columbus  

For the execution of the voyage to the Indies, I did not make 
use of intelligence, mathematics or maps. ~ Christopher Co-
lumbus 

In 1484 a Genoese who had sailed for the Portuguese and 

had a Portuguese wife asked Portuguese King John II to fi-

nance a voyage to the East by heading west, across the At-

lantic Ocean. 

As the world was generally thought a globe by that time, 

the proposal had possibility, if not feasibility. John's advisors, 
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with a better sense of the planet's girth than the optimistic 

Christopher Columbus, were skeptical.  

The Portuguese King stuck to rounding Africa, so Colum-

bus shopped his proposal to the rulers of Spain, England, and 

France without success. 

Catholic Monarchs Ferdinand and Isabella of Spain, who 

were preoccupied and financially drained by their Spanish 

Inquisition and war against the Moors, at first turned Co-

lumbus away. But in 1492 Isabella relented.  

As something of a victory celebration, she agreed to finish 

underwriting the expedition, even as she did not really be-

lieve Columbus would ever return. Columbus had already se-

cured half of the financial backing from Italian merchants. 

Columbus set sail on 3 August 1492. A little over 2 

months later he spied land. 

In landing in the West Indies, Columbus believed he had 

made his way to the Indian subcontinent. Though dismayed 

by the poverty of the natives, he dubbed the inhabitants In-

dians.  

Columbus spent a few weeks reconnoitering the islands, 

then sailed back. He returned the following year with 17 

ships, 1,500 men, and enough livestock and cargo to establish 

a permanent settlement. 

Altogether, Columbus made 4 voyages to the West Indies. 

His deluded belief that he had discovered a direct route to 

Asia remained unshaken. 

Columbus' voyages brought a plague to the natives. 

European contact transmitted diseases to previously isolated 
communities, causing devastation far exceeding that of even the 
Black Death in 14th-century Europe. ~ Canadian economist 
Nathan Nunn & Chinese American economist Nancy Qian 

 

Immediately upon Columbus' return, Ferdinand and Isa-

bella petitioned the Pope to bifurcate the non-Christian 

world. The western half, from pole to pole, was to be titled to 

Spain, while the eastern half went to Portugal. 

The news of Columbus' discovery galvanized merchants 

more than the courts of other countries, though kings com-

missioned ventures which were largely privately financed.  
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In 1497, Italian John Cabot, backed by Bristol merchants 

and under commission of Henry VII of England, sailed forth 

to discover Newfoundland and Nova Scotia. The next year he 

made a 2nd voyage.  

Cabot's failure to return with marketable commodities, 

such as spices or precious metals, meant that his commercial 

backers lost interest. So it went with other efforts to find a 

western passage to India, even as new lands were discovered.  

Meanwhile, sovereigns who backed these ventures laid 

claim to the future countries of the New World. What started 

as a gold rush ended up as a land grab, though lunging for 

lucre never went out of fashion. Persistence did pay off in 

riches for some while claims for nascent empires were being 

laid. 

 Spanish Conquistadors  

Although Spain got off to a slow start, with only trinkets 

plundered from savages on Caribbean islands to show for 

their efforts, they quickly switched to pursuit of precious met-

als. Continued efforts for the westward passage to India re-

vealed wealthy civilizations on the Mexico mainland and 

northern South America. 

Spanish conquistador Hernán Cortés conquered the Az-

tec Empire 1519–1521. Following in the moral tradition of 

the Inquisition, as a demonstration designed to invoke fear, 

Cortés massacred thousands of unarmed nobility on his way 

to Tenochtitlan, the capitol city, for a meeting with Mocte-

zuma II, the Aztec ruler.  

Though death tolls and situations varied, such atrocities 

would become commonplace by conquerors, and carried on in 

wars throughout the world to the present day. Metals may be 

precious but human life is always cheap. 

 Spanish conquistador Francisco Pizarro, on his 3rd at-

tempt, conquered the Peruvian Inca Empire in the 1533. In 

1532, Pizarro invited Atahualpa, the Incan emperor, to par-

ley. Instead of diplomacy, Atahualpa received an ambush. Pi-

zarro slaughtered Atahualpa's entire retinue. Pizarro held 

the emperor for ransom, which was paid.  
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Pizarro then decided to kill Atahualpa. Atahualpa was to 

be burned alive, but was told that if he converted to Catholi-

cism, he would be spared. As the Incas believed that a soul 

could not go to the afterlife if its body was burned, Atahualpa 

agreed; whereupon Atahualpa was garroted instead. 

By the end of the 16th century, Spain wielded effective 

power over much of the hemisphere from Florida and South-

ern California down through South America, Brazil excepted. 

The Spaniards at first merely plundered the natives of all 

their portable wealth. After quickly exhausting that, they in-

troduced European mining methods to gouge silver out of the 

ground in Mexico and the Andes. 

Unlike the Portuguese, who lacked population to spare, 

the Spanish colonized the areas they conquered. That meant 

forcibly importing their civilization: people, equipment, fire-

arms, institutions, religion, crops, livestock, and disease. 

Before the Spanish arrived, the native population num-

bered well over 25 million. By the end of the 16th century 

only a few million indigenes remained. 

Beginning in 1501, African slaves were shipped over to 

address the labor shortage. By 1600, the majority of people 

in the West Indies were Africans and those of mixed races.  

 

Much flowed back to Europe from conquest besides great 

quantities of precious metals. Exotic dyestuffs, such as in-

digo, spruced up European clothing, making a more tradable 

commodity at home and overseas.  

Tea from Asia, coffee from Africa, and cocoa from America 

became staple European beverages. Cotton and sugar, 

though previously known, came in larger quantities than 

ever before. Numerous new foodstuffs made their way to Eu-

rope: corn, potatoes, tomatoes, peppers, pumpkins, squash, 

string beans, and turkey, all from the western hemisphere. 

Rice imported from Asia adapted to both European and 

American climates. Tobacco from America arrived and 

thrived in Europe, despite determined efforts by both church 

and state to stamp it out. In later years, tropical fruits, nuts, 
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and exotic woods were imported, as well as the valued re-

mains of animals slaughtered on a horrific scale: furs and 

hides. 

 

The great influx of commodities and monetary metals 

spurred prolonged inflation. By the end of the 16th century 

most prices were 3 to 4 times what they had been at the be-

ginning. Many causal factors were influential, but monetary 

debasements by impecunious and unscrupulous sovereigns 

must be near the top of the list. 

The effect was to redistribute wealth. Those with assets 

and price-elastic incomes – merchants, manufacturers, and 

landowners – made out relatively well. Workers, peasants, 

and pensioners paid the price. 

Population dynamics played a part. A booming popula-

tion in the 16th century begat surplus labor which sup-

pressed wages. That agricultural productivity did not keep 

pace exacerbated the situation, at least as far as food prices 

went. Population growth ceased in the 17th century after it 

became fatally obvious that there were too many people and 

not enough to eat for those on the bottom rungs of the socio-

economic ladder. 

In the eastern, more backward region of Europe, the sit-

uation provided an exploitative opportunity. In Russia and 

parts of Poland, peasant status, already parlous in the 15th 

century, took a turn for the worse: those who worked the land 

did so on terms tantamount to slavery. 

In contrast, the Low Countries were a paradigm of 

productivity. By the end of the 15th century Dutch and Flem-

ish agriculture had already outpaced the European average. 

The reason was historical. The settlement of the region dur-

ing the Middle Ages left the people freer than those under 

manorialism. Agricultural innovation was practically a tra-

dition. 

 30 Years' War  

The 30 Years' War (1618–1648) was a continuous series of 

conflicts involving most European countries. It amounted to 
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one of the longest and most destructive wars in modern his-

tory. 

The conflict began as a war between Catholics and 

Protestants for the religious domination of the Holy Roman 

Empire, although political disputes were also involved. As 

the struggle continued, it turned into an escalation of the 

Bourbon–Habsburg rivalry (the rulers of the kingdoms of 

France and the Holy Roman Empire, respectively), which had 

simmered since 1516, and would ultimately continue to 1756. 

Even as the quarrels that provoked the 30 Years' War 

went unresolved, armed conflict ended with treaties in 1648, 

termed as a whole the Peace of Westphalia. This Peace also 

ended the hostilities of the 80 Years' War (1568–1648), which 

was the Dutch war of independence from Spain. 

These wars devastated entire regions: denuded by forag-

ing armies. Famine and disease followed. 

The armies involved, although not strictly mercenary, 

were expected to be largely self-funding. That translated in 

practice to pillaging the settlements encountered. 

 The Dutch Golden Age  

The 17th century was the Dutch Golden Age, in which the 

Dutch excelled in trade, science, and art, and in military 

prowess. The United Provinces – Netherlands, Belgium, and 

Luxembourg – gained independence from Spain in 1648, 

when the 80 Years' War ended. 

During the course of the 16th–17th centuries, the indus-

trious Dutch created a capitalist economy of the 1st degree, 

both in agriculture and commercial enterprise. 

The Dutch East India Company was chartered in 1602. It 

was the first company to issue stock and became the first 

multinational corporation. The Dutch stock exchange, the 

oldest in the world, also started up in 1602. 

One of the keys to Dutch success, particularly in cultiva-

tion, was specialization, coupled with an interdependence be-

tween commercial and agricultural sectors. Neither would 

have advanced so well without the other.  

The key was buoyant demand from the prosperous and 

growing Dutch cities. Instead of striving to produce as much 
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as possible, either on the farm or in the workshop, the Dutch 

produced to meet market demand.  

The Dutch also relied upon the market for their own 

needs, both for capital and intermediate goods. In some in-

stances, farmers would sell their entire wheat crop and buy 

cheap rye for their own consumption.  

The efficiency of Dutch shipping, and the commercial ag-

gressiveness of Dutch merchants, meant that food imports 

could often be had cheaper than growing domestically, espe-

cially from the backward Baltic region. In the mid-17th cen-

tury over 25% of the food consumed by the Dutch was 

imported; much of it lesser grains for the lower classes. 

The demand for fertilizer was so great that some entre-

preneurs profitably specialized in collecting urban night soil 

and pigeon droppings, which they sold by the cart or boat 

load. One positive externality of this was keeping Dutch cit-

ies more sanitary than they would have been otherwise. 

 Tulip Mania  

In 1551, Flemish herbalist and diplomat Ogier de Besbe-

que was the Viennese ambassador to the Ottoman Empire. 

He found an unusual flower there, having a long stem leading 

to a cup-shaped blossom with silken petals. 

de Besbeque wrote of his find to a botanist friend in Flan-

ders, Carolus Clusius. Seeds soon followed the letter, and 

subsequently a crate of bulbs. 

Inspired by Marco Polo and others, Europeans had been 

intrigued by exotic imports from the East for more than 2 

centuries. The tulip was a flower of rare beauty. 

In their natural state, unaffected by disease, tu-

lips are a solid color in every hue except true blue: 

from pure white to an almost-black deep purple. 

Attacked by the mosaic virus, tulip flowers dis-

play what is known as breaking: the natural color 

interrupted by irregular streaks. Once infected, a 

tulip bulb will produce flowers of the same pattern 

year after year. 

The mosaic virus does no harm to a bulb or its longevity. 

It affects only the regularity of a flower's coloring. 
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A desirable broken pattern can be replicated by planting 

a solid-color flower bulb in the same soil. The virus creates a 

known pattern in what may be a distinctive color. Hence, va-

riety can be controlled: rendering the tulip a flower both 

unique and selectively variable. Clusius sussed this and laid 

the foundations for Dutch tulip breeding.* 

Starting as a fad of prized beauty, tulips soon grew in de-

mand. With such a long supply chain in the 16th century, 

demand quickly created scarcity; whence the first speculative 

economic bubble bloomed. 

By the start of the 17th century, single bulbs of new tulip 

varieties were considered acceptable dowry payments for 

brides in many parts of Europe. One French businessman 

traded his flourishing brewery for a particular tulip bulb. 

What was generally true in Europe struck strongly in the 

Netherlands. In a small, homogeneous society, word travels 

fast. Greedy impulse feeds the social fear of being left behind. 

The impetus for mass hysteria was in place. 

Geology favored the Dutch. Tulips flourish best in sandy, 

well-drained soil. For eons, the mountains of Europe eroded 

into sand that flowed out to the Low Countries. Large tracts 

of the Netherlands were tulip fields in waiting. 

Maritime trade had made the Dutch people relatively 

prosperous, especially after the Netherlands had won its in-

dependence from Spain in the wake of the 80 Years' War. 

Bitter religious wars would punctuate the decades ahead. 

But at the start of the 17th century, Amsterdam – long one 

of northern Europe's principal trading centers, and free of 

sectarian strife – was ready to head the Netherlands to con-

tinental ascendance. 

Had they been merely pretty flowers, tulips might have 

simply taken their place in Dutch gardens. Instead, their 

beauty came an increasingly steep price; hence, tulips be-

came badges of prosperity: a way of announcing social stand-

ing. 

Many individuals grew suddenly rich. A golden bait hung 
temptingly out before the people, and, one after the other, they 

 
* That tulip breaking was caused by a virus was not discovered until 

the late 19th century. 
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rushed to the tulip marts, like flies around a honeypot. Everyone 
imagined that the passion for tulips would last forever, and that 
the wealthy from every part of the world would send to Holland, 
and pay whatever prices were asked for them. The riches of Eu-
rope would be concentrated on the shores of the Zuyder Zee, 
and poverty banished from the favoured clime of Holland. No-
bles, citizens, farmers, mechanics, seamen, footmen, maidser-
vants, even chimney sweeps and old clotheswomen, dabbled 
in tulips. ~ Scottish journalist Charles Mackay in Extraordinary 
Popular Delusions and the Madness of Crowds (1841) 

The bubble peaked when contract prices for bulbs of a re-

cently introduced tulip briefly went for more than 10 times 

the annual income of a skilled craftsman; then the market 

abruptly collapsed.  

Haarlem was a major trading center for tulips and other 

flowers. Market disintegration began in Haarlem, when, for 

the first time, there were no buyers at a routine auction. The 

no-show auction coincided with the height of an outbreak of 

bubonic plague. 

Tulip mania was only the first of innumerable speculative 

bubbles, all flowing from the same mass psychology that fuels 

capitalism at its greediest: the prospect of profit for little ef-

fort. 

 

The profitability of Dutch agriculture is attested to by in-

tensive land reclamation efforts. These included reclaiming 

land from the sea, by draining marshes and lakes, and by 

planting peat bogs after the peat had been taken for fuel. 

Efforts to reclaim land began in the Middle Ages, but 

gathered pace in the 16th–17th centuries, particularly when 

prices were high for farm products. Farmers were not the 

only ones involved.  

Dikes and drainage required large capital spending. Ur-

ban merchants and other investors formed companies to re-

claim land which they then sold or leased to farmers. 

Diffusion of Dutch agriculture and business techniques 

did occur in the 16th–17th centuries, notably to England and 

northern France, but to a limited extent. Other countries 



 Economics 129 

lacked Dutch productivity, and their markets were not devel-

oped enough to justify the specialization that characterized 

Dutch agriculture. 

 Industrial Technology  

Nothing dramatic distinguished the Middle Ages from the 

early modern period in either agriculture or industry. Inno-

vation was incremental: mostly refinements to known tech-

nologies. But some improvements possessed latency to much 

larger economic effects later on. 

 Printing  

The first-known movable-type printing system was in-

vented in China ~1040 by Bi Shēng, using ceramics. Wood 

was tried but uneven swelling resulted after the wood was 

soaked in ink.* Metal movable type was invented in Korea in 

1234 by Choe Yun-ui. This meant little to the Chinese, who 

had been using copper blocks to print money from the begin-

ning of the 12th century. 

German blacksmith and goldsmith Johannes Gutenberg 

introduced printing via metal movable-type to Europe in 

1450. While a technological breakthrough, the immediate 

economic impact of printing was miniscule outside the book 

trade in terms of employment or the value of goods. 

 

Other innovations of the period – weaponry, navigational 

instruments, clocks and watches – had minor economic effect 

at the time, though their cultural and political significance 

was enormous; which meant, in time, the productivity im-

provements of these inventions made a large and lasting eco-

nomic impression.  

Somewhat similarly, in the 20th century computers had 

a time lag between invention and economic effect. Much of 

this owed to the difficulty of squeezing more productivity 

 
* Wang Zhen reinvented wood type in 1298, which was used in 

China for centuries. 
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from machines that were hard to program and use owing to 

deficient design. 

The Dutch excepted, the market orientation in Europe 

during the early modern period was greater in industry than 

agriculture. This encouraged entrepreneurs to reduce pro-

duction costs and respond to changes in consumer demand. 

There were powerful forces aligned against innovation, espe-

cially opposition by political authorities who feared the ef-

fects on unemployment from labor-saving devices. 

 Knitting Trouble  

English parson William Lee invented the stocking frame 

knitting machine in 1589. He did so because the woman 

whom he was courting was more interested in knitting than 

him. 

Lee's machine was the only such one in use for centuries, 

and its principle of operation remains to this day. Whereas a 

skilled knitter could make 100 stitches per minute by hand, 

the stocking frame averaged 1,000. 

That sort of thing was dangerous. Lee was refused a pa-

tent by Queen Elizabeth I. When he attempted to introduce 

frames in Nottinghamshire, they were destroyed by mobs of 

hand knitters. 

Lee took refuge in France, where he established a factory 

under the patronage of Henry IV. When Good King Henry 

died the factory failed, but the technology continued to 

spread. 

 

England was especially active in banning machines that 

took jobs, beginning in 1551, when Parliament passed a law 

prohibiting gig-mills, a device used for cloth finishing. De-

spite the law, new gig-mills continued to be built. 

Market opportunities repeatedly overcame legislation. 

The swivel-loom, a Dutch invention, could weave a dozen or 

more ribbons simultaneously. It was banned in England in 

1638 but spread anyway, especially in the Manchester area. 
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 Textiles  

The textiles trade, followed closely by the building indus-

try, offered the most employment in the early modern period. 

The typical textile product during the Middle Ages was a 

coarse heavy wool fabric. In the late 15th century, Flemish 

cloth makers introduced a lighter, cheaper cloth, termed new 

draperies, which gained popularity throughout Europe by the 

end of the 16th century. 

Mexicans had cotton fabric by 5000 BCE. Cotton clothing 

was widespread in India by 1000 BCE.  

Europe got a late start. In late medieval times, cotton fi-

ber was imported into northern Europe without knowing an-

ything more about it than that it came from a plant. 

Cotton was produced in Italy in the Middle Ages, with 

raw material from the eastern Mediterranean. The fabric 

gradually spread northward during the 16th century, reach-

ing Lancashire, England around 1620. 

The organization of the textile industry in Europe re-

mained largely unchanged from the later Middle Ages. Cloth-

ing manufacture was widely dispersed. 

Most production for households and the local market was 

locally made. But some regions specialized in export produc-

tion. 

The prominence of the once-great Italians declined from 

competition, losing market share to Dutch, French, and Eng-

lish producers. Spain expanded briskly during the 1st half of 

the 16th century, until its clothing industry was waylaid by 

high taxes and government interference. 

For the first 70 years of the 17th century, the locus of the 

export cloth industry, in both woolens and linens, was the 

Low Countries: Flanders and Brabant in particular; but the 

Dutch revolt against Spain severely damaged clothing com-

merce until decades after the war. 

During the Middle Ages, raw wool was England's princi-

pal export. In 1660, woolen and worsted cloth accounted for 

2/3rds of English exports by value. These were undyed and 

undressed. Then the English textile industry went upscale. 

By the end of the 17th century, virtually all cloth exported 

from England was in finished condition. Well before the rise 
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of modern industry, England became the largest exporter of 

clothing, which was Europe's largest industry.  

Clothing continued as the principal English export into 

the industrial age. From the late 18th century, the city of 

Manchester was known as Cottonopolis. 

 

In the late 15th century and early 16th century, Italian 

polymath Leonardo da Vinci designed several machines that 

could not be built at the time for lack of proper materials and 

machine power. These same obstacles – of power sources, and 

adequate supplies of materials – frustrated greater indus-

trial productivity. 

The sophistication of waterwheels and windmills was 

well developed by the 17th century, but their obvious limita-

tions limited their employment. Still, water-powered mills 

for spinning silk proliferated in the Po Valley in northern It-

aly and the Rhone Valley in eastern France. The large size 

and complexity of the machinery involved required factory 

buildings. These production facilities were precursors to 

modern industrial installations. 

 Shipbuilding  

Construction of buildings underwent little technological 

change from medieval times; but one specialized sector in the 

construction industry did, especially in one country. Ship-

building in the Dutch Netherlands underwent a profound 

transformation. 

Thanks to flourishing Dutch commerce, in the 150 years 

to the mid-17th century there was a 10-fold increase in the 

size of the Dutch merchant fleet, and a more manifold multi-

plication in tonnage. The Dutch merchant fleet was 3 times 

that of the English, which was 2nd, and probably larger than 

the rest of Europe combined. That meant a huge demand for 

shipbuilding, considering the short life of wooden sailing 

ships. The Dutch responded by rationalizing their shipyards, 

including introducing mass production. Windmills powered 

mechanical saws and hoists. Interchangeable parts were pro-

duced and stored. 
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Merchant ships in the Atlantic trades went from 180 to 

540 tonnes during the 16th century. Some warships bulked 

to over 1,300 tonnes. 

While incremental improvements abounded, there were 

few radical innovations in ship design between the late 15th 

and 19th centuries. The most significant was the specialized 

cargo carrier introduced by the Dutch at the end of the 16th 

century, known as the vlieboot (flyboat). Its great advantage 

was a draft shallow enough to navigate a river estuary. 

The flyboat was designed for bulky, low-value loads, such 

as grain and timber. It could be operated with a smaller crew 

complement than conventional ships. 

 Metallurgy  

Europe was never naturally rich with precious metals, 

though more ordinary ores were relatively abundant.  

Silver mining was well-established in the Middle Ages. It 

hit a boom in the early 16th century with the discovery of the 

mercury amalgamation process which concentrated silver 

ore. The rather obvious toxicity of mercury went largely un-

appreciated. 

Copper, iron, lead, and zinc were found in many areas of 

Europe, and have been mined since prehistoric times. Tin 

was more localized, found most abundantly near Cornwall. 

Tin had been an item of commerce before the Romans con-

quered Britain. 

Responding to demand, mining techniques improved in 

the 16th–17th centuries: deeper shafts, better ventilation, 

and pumping machinery. Most mining innovations came 

from Germany. The technology spread as German miners 

went abroad. In the 1560s, the British government granted 

monopolies to brass and copper companies which then hired 

in German engineers. 

In medieval times, iron was wrought from various types 

of bloomeries. The iron was heated using charcoal until it be-

came a pasty bloom, whereupon it was alternately hammered 

and heated to drive the impurities out. Output was small, 

owing to a slow, laborious, inefficient, and costly process in 

terms of ore and fuel. 
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The blast furnace was invented in China in the 1st cen-

tury, and incrementally reinvented in Europe, beginning in 

the late 14th century, with the height of furnaces progres-

sively increasing. The same fuel – charcoal – was used, but 

the process was different. 

Fuel, ore, and a flux to remove impurities – typically lime-

stone – go in from the top. A blast of air from a bellows in-

creases the heat. Chemical reactions take place as the 

material flows down the furnace. Metal and slag emerge at 

the bottom while flue gases escape from the top. Thus, in the 

16th century, the blast furnace evolved.  

Numerous innovations occurred to facilitate the blast fur-

nace, including water-powered bellows, tilt hammers, and 

stamping mills for crushing ore. Other related inventions fol-

lowed, including rolling and slitting mills, and wire-drawing 

machines. While more efficient, blast furnaces were also 

more capital-intensive, though much of that went to main-

taining inventories of ore and charcoal. 

The Low Countries, particularly the southeast region 

around Liège and Wallonia, were involved with metallurgy 

during the Middle Ages. At the beginning of the 16th century, 

this region led Europe in iron-making innovation. Germany, 

northern Italy, and northern Spain were also major centers, 

with Germany accounting for around half the production by 

volume. 

Metallurgy technology spread over the next 100 years. 

England especially embraced iron. By 1625 it had 100 fur-

naces producing 23,000 tonnes per year. 

The iron industry was a voracious consumer of fuel. In the 

17th century, the high price of charcoal hindered expansion. 

In a larger context, energy resources became a limitation to 

industrial growth throughout Europe. 

 Energy Production  

There was great demand for timber for various purposes: 

construction, shipbuilding, metallurgy, and home heating. 

Norway and Sweden were integrated into the more industri-

ally advanced western Europe for both their timber and 

metal resources, much as, centuries later, Australia would 
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prosper primarily from exploiting its natural resources of raw 

materials. 

In the 17th and 18th centuries, North America too faced 

rising timber prices. The trees could not be chopped down fast 

enough to meet demand.  

Insufficient lumber led to a search for substitute materi-

als and fuels: coal and peat for energy, brick and stone for 

building. Iron and other metals could also substitute, though 

those ironically exacerbated the energy shortage, especially 

the timber these metals were intended to replace. England 

reserved some of its forests for its royal navy. 

 Coal had been mined since medieval times in Germany, 

England, and the Low Countries. This noxious fuel was often 

legally banned, but that did not stop it from being used, es-

pecially in energy-intensive industries. 

 Trade  

Though capitalism was in its salad days in the early mod-

ern period, its dynamics were already established. New raw 

materials created opportunities for new goods, thus stimulat-

ing new industries. 

The printing press inspired a new industry, as well as 

adding to timber demand. By the end of the 15th century, 

there were more than 200 printing presses in Europe, and 15 

million copies of 35,000 books had been published. 

The numbers grew exponentially. By the last half of the 

17th century, Europe's largest book fair, in Frankfurt, listed 

40,000 current titles. 

Commerce itself drove the European economy between 

the 15th and 18th centuries. By far the greatest volume and 

value remained in local trade. But overseas trade became in-

creasingly important. There, country leadership changed 

through the centuries, from the Italians to the Portuguese to 

the Dutch. The English determinably kept up. 

Early on, the Italians realized they had lost their edge, 

and made an impotent stab at recovery. In 1521, in an at-

tempt to recover their monopoly in the spice trade, the Vene-

tians offered to purchase the entire Portuguese import. They 

were refused. 



136 Spokes 6: The Fruits of Civilization  

There were other European East India Companies be-

sides the Dutch (founded in 1602): the English (1600); Danish 

(1616), Portuguese (1628), French (1664), and Swedish 

(1731).  

The British Company got its 15-year monopoly charter 

from Queen Elizabeth. The crown held no shares and had 

only indirect control. The company was owned by aristocrats 

and wealthy merchants. 

Chartered under King Christian IV, the Danish East In-

dia Company got off to a poor start. Its first expedition took 

2 years to reach Ceylon, losing over half its crew on the way. 

By the time the Danes arrived, the island had already been 

claimed by Portugal. The Danes unsuccessfully tried to fight 

the Portuguese off. Instead, the Danes settled on the main-

land. 

During its heyday, the Danish Company smuggled more 

tea into England than the native Brits managed to import, 

making a huge profit. It was not to last. The original Danish 

East India Company dissolved in 1650, ruined by wars in 

which Denmark partook. 

The character of the commodities that constituted distant 

trade changed somewhat during the 16th and 17th centuries. 

In the Middle Ages, European imports were of luxury goods. 

By the 16th century, a much larger proportion was of staples: 

metals, timber, textiles, grains, salts, fish, and wine. 

At the end of the 17th century, half of English imports by 

volume was timber. More than half the volume of England's 

exports was coal, though its cloth exports were more valua-

ble. 

Trade in bulky staples was made possible by better ships 

and navigation. It helped that royal navies kept piracy in 

check. The Portuguese navy doubled as a merchant fleet. 

The significance of precious-metal imports subsided in 

the 17th century. As several countries had colonies in the 

western hemisphere, European imports from there increas-

ingly became sugar, tobacco, hides, and even timber. To their 

colonies the Europeans exported manufactured goods and 

emigrants. 

European trade with the East had an altogether distinc-

tive character. From the onset of direct contact, Europeans 
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had little to offer in exchange for the spices and other goods 

they wanted. Hence, what constituted "trade" was actually 

plunder. Where pillage was not possible, Asians accepted 

firearms, but the dominant demand was for gold and silver, 

which was hoarded, albeit some turned into jewelry.  

Asia became a sink for European monetary metals. This 

was not reversed until the British conquest of India in the 

18th century. 

 The Slave Trade  

The blunting effects of slavery upon the slaveholder's moral 
perceptions are known and conceded the world over; and a 
privileged class, an aristocracy, is but a band of slaveholders 
under another name. ~ American author Mark Twain 

Though the largest purchases of slaves were for Spain's 

colonies, the Spanish themselves were not very actively en-

gaged in the trade. Instead, slaves were acquired by contract 

with traders of other nations. 

The slave trade was dominated first by the Portuguese, 

then successively by the Dutch, French, and British. Trade 

was typically triangular in nature.  

A European ship carrying firearms, knives, and other 

metal wares, cheap trinkets, colorful cloth, and liquor, would 

sail for the west African coast. The cargo would be exchanged 

for slaves with local African chieftains, who traded in war 

captives or undesirables in their own tribes. 

When a slave trader had filled his ship with as many 

manacled and chained slaves as it could possibly carry, he 

sailed across the Atlantic to the West Indies, or to the main-

land of North or South America. Once the slave cargo was 

unloaded, a trader would return to Europe with desired 

goods. 

The spoilage rate of slaves in transit was fearsome. Often 

over 50% died from disease or other causes. But the profits 

were handsome. All told, an estimated 12 million Africans 

were taken as slaves by both Europeans and Arabs. 

The slave trade flourished despite its illegality. Spain was 

the first country to abolish slavery, in 1542, by imperial de-

cree. Though slavery was illegal in the Netherlands, it 
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thrived there, helping to support the economy. By 1650, the 

Dutch were the preeminent European slave traders.  

The ever-determined Brits overtook the Dutch around 

1700, with something akin to religious fervor. The Church of 

England had slaves on its sugar plantations in the West In-

dies and used them domestically.  

When England entirely outlawed slavery in 1834, the 

government compensated slave owners. The Bishop of Exeter 

in Canterbury was among them. 

The profitability of slavery and threats of a war between 

races retarded abolition movements. Of the numerous slave 

revolts in the Caribbean, only one was successful. In the 

1790s, slaves in the French colony of Haiti rose up and 

slaughtered the whites and mulattoes there and established 

an independent republic. Europe recoiled in horror. 

While the northern states in the United States outlawed 

slavery between 1777 and 1804, it took a bloody Civil War 

(1860–1865) for the south to be coerced into abolition. Even 

then, racial discrimination and exploitation enthusiastically 

continued. 

Brazil and Cuba ended slavery in the 1880s, only after it 

was no longer profitable for owners. Meanwhile, slavery con-

tinued in Africa, where Arabs slavers raided for new captives 

to be sold. European colonial rule and diplomatic pressure 

brought the slave trade to a supposed end in Africa. 

In Europe, Asia, and elsewhere, slavery persists. Millions 

are enslaved for sexual and economic exploitation. 

 Nationalism  

Nationalism is power hunger tempered by self-deception.  
~ English author George Orwell 

A nation-state is a historical artifact: the product of power 

over peoples, and, occasionally, of people revolting against 

power. States vary considerably in character, by their his-

tory, and geographic circumstances. 

In the early modern period, most continental powers were 

absolute monarchies. England's monarchy was more meas-

ured, in the crown being checked by social contract dating 
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from the early 13th century. In contrast, the United Prov-

inces, Swiss, and Hanseatic cities had burgher republics. 

Whatever their schisms in sovereignty, all states at the 

time shared a commonality: nationalism rested upon the up-

per class, not the mass of its people. Differences in economic 

policy depended upon the composition and interests of the 

ruling classes. 

Sovereign wishes superseded all other concerns in abso-

lute monarchies. Whatever scant understanding they may 

have had of economics, kings were accustomed to having 

their orders obeyed. 

Day-to-day administration of kingdoms filtered through 

a hierarchy of ministers and civil servants who were unfamil-

iar with commercial and industrial enterprise. Their con-

cerns echoed the attitudes and values of their master. 

Regulations added to the cost of doing business. This en-

gendered evasion. 

Ignorance and indifference meant that monarchs often 

sacrificed the economic well-being of subjects, and by doing 

so undermined the foundation of their own power. 

In the 16th century, Spanish kings relied upon regressive 

taxes for revenue. With 97% of the land being owned by 2% 

of the population, landowners were exempt from taxation. 

The tax burden fell upon artisans and tradesmen, and espe-

cially peasants. Hence, in spite of a great empire, with vast 

quantities of monetary metals flowing from their colonies, 

Spain's rulers continually outspent their income while hin-

dering commerce, ensuring inexorable decline. 

Even France, the most populous and powerful European 

nation, struggled to support the territorial ambitions and 

pomp of Louis XIV's court. When Louis the Great died in 

1715, the staunch advocate of the divine right of kings and 

grand government centralizer left as a legacy a country on 

the brink of bankruptcy. 

In contrast, the United Netherlands had an absolute 

monarchy of merchants. The wealthy commercial class con-

trolled the principal cities with a more informed economic 

program. Themselves having prospered from trade, they 
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knew well enough not to view commerce as a form of unde-

clared war. Their ports and markets were welcome to mer-

chants of all nations. 

 England  

England sat in the center of the spectrum. The upper 

class was politically well-aligned by the landed aristocracy 

intermarried with wealthy merchant families, lawyers, and 

officials. 

After the Glorious Revolution of 1688, a plutocratic Par-

liament took power. Laws concerning economic regulation re-

flected the balance of interests between the agricultural 

aristocracy and the commercial combine of domestic manu-

facturers and traders. 

With public finances under the control of Parliament, 

debt was contained, which brought down the cost of borrow-

ing, and freed up capital for private investment. Capital con-

centration was assisted by highly regressive taxation which 

robbed the poor while leaving the wealthy flush. In the large, 

this capital accumulation had little to do with direct invest-

ment, as most industrial enterprises were started by small-

time entrepreneurs and organically grew by reinvesting prof-

its. 

The euphoria engendered by the Glorious Revolution re-

sulted in the creation of several joint-stock companies in the 

1690s. Some of them, like the Bank of England, had royal 

charters and monopoly grants. At the time, the law was am-

biguous about business organizations. 

 The South Sea Bubble  

The South Sea Company was a joint-stock company char-

tered in 1711. Its monopoly grant was trade in South Amer-

ica, at a time that Spain controlled that trade.  

The South Sea Company was a public-private partner-

ship to fund England's portion of the War of Spanish Succes-

sion (1701–1714). There was never any realistic prospect that 

any trade would take place. No profit was ever realized.  

Yet shares of the stock soared as the Company expanded 

its government debt operations. The South Sea Bubble burst 
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in 1720, when Parliament passed the Bubble Act, which for-

bade all joint-stock companies not authorized by royal char-

ter. Share prices plummeted to a less than the original 

flotation price, even though the South Sea Company had a 

charter.* 

Many moneyed men were ruined by the collapse. The na-

tional economy was diminished. 

The South Sea Bubble was fostered by insider trading. 

Founders finagled handsome profits by purchasing debt in 

advance of its consolidation. Politicians profited from huge 

bribes to support the scheme.  

Company money was employed to deal in its own shares. 

Privileged persons purchasing stock were given loans backed 

by those same shares to spend on buying more shares. 

The expectation of vast wealth from South American 

trade was foisted upon an unsuspecting public, despite its im-

probability. The only consequential trading that did take 

place was in slaves, and the company managed that at a loss. 

A parliamentary inquiry afterwards garnered the dis-

grace of some politicians, and men found to have illicitly prof-

ited had assets confiscated commensurate with their gains. 

These rich men remained comfortably so. 

Parliament was loath to grant authorization for joint-

stock companies after the Bubble Act. England entered the 

industrial era bereft of the business organization that would 

predominate modern capitalism. Most enterprises were part-

nerships or simple proprietorships. 

 

 The Mississippi Bubble  

Some in clandestine companies combine; 
Erect new stocks to trade beyond the line; 
With air and empty names beguile the town, 
And raise new credits first, then cry 'em down; 

 
* The motivation behind the Bubble Act is obscured: whether it was 

to protect unwary investors, or whether the South Sea Company 

itself finessed the legislation to ward off other bubble companies. 

Either way, the Act cast the South Sea Company in a light which 

doomed it. 
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Divide the empty nothing into shares, 
And set the crowd together by the ears. 
~ English trader, writer, and spy Daniel Defoe 

While England was sinking from the South Sea debacle, 

France was blowing its own Mississippi Bubble, ostensibly 

over French possessions in North America, then called Mis-

sissippi. 

Scottish economist and gambler John 

Law (1671–1729) believed that money was 

merely a means of exchange that did not, in 

of itself, constitute wealth. Law thought that 

national wealth was based upon trade. 

Law had a mind for math. He won card 

games by mentally calculating the odds. 

Anticipating monetarism, Law held that printing money 

would stimulate the economy. Law favored paper money ra-

ther than metal, which he would have banned.  

To Law, shares were a superior currency, as they paid 

dividends. Stock punters would forever agree. 

The War of the Spanish Succession had left France's econ-

omy stagnant, and its national debt crippling. Law proposed 

simulating the economy by replacing gold with paper money, 

then increasing the country's capital stock. Sovereign debt 

would be salved by replacing it with shares in economic ven-

tures.  

Desperate, France's Regent, Philippe d'Orléans, ap-

pointed Law as Controller General of Finance in 1715. Law 

instituted numerous reforms: he endeavored to break up 

large land holdings to benefit the peasants, abolished road 

and canal tolls, encouraged road building and new industry 

through low-interest loans, and aimed to revive maritime 

trade. 

In 2 years, industrial production leapt 60% The number 

of French trading ships went from 16 to 300. 

Law set up General Private Bank in 1716. Although a pri-

vate bank, 3/4ths of its capital came from government bills 

and government-accepted notes.  

The next year, Law established the joint-stock Missis-

sippi Company, for which he obtained a trade monopoly in 
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the West Indies and North America from the French govern-

ment. 

In 1718, Law's bank became the Royal Bank, meaning 

that its notes were guaranteed by the king. Meantime, the 

Mississippi Company absorbed rival trading companies.  

By 1719, the engorged entity had a monopoly on all over-

seas trade. Simultaneously, the Royal Bank was issuing 

more notes than it could back. This led to inflation. 

Meanwhile, Law was hustling the fabulous wealth of Lou-

isiana in an effective marketing dodge. Wild speculation over 

the Company ensued, which sparked printing more paper 

banknotes. When shares generated profits, they were paid in 

the notes. 

In 1720 the Company and Bank merged. To attract capi-

tal the Regent appointed Law as Comptroller General of Fi-

nances. 

The bubble burst at the end of 1720. The government ad-

mitted that there were more paper notes than precious-metal 

coinage could cover.  

Investors attempted en masse to cash in. The Royal Bank 

had to stop payment on its notes. 

The Regent dismissed Law. Impoverished, Law fled to 

Brussels.  

Law spent years gambling in Rome, Copenhagen, and 

Venice, but never regained prosperity. In Venice, Law con-

tracted pneumonia and died a poor man. 

The fiasco haunted French memories for generations, 

eliminating banknote issuance in France on a wide-scale ba-

sis until 1790. This tardiness in financial evolution, along 

with irresponsible governance, retarded the country's indus-

trial development through the next century. 

 France  

Owing to a scarcity of coinage, deflation gripped Europe 

from 1780, disrupting trade and business. France's precari-

ous fiscal situation in the face of the recession resulted in the 

notorious Revolution of 1789. 

The new government set about printing paper money, at 

first judiciously. But the unrest did not abate, and so France 
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provoked the Revolutionary Wars (1792–1802), as much to 

distract its people from the internal political and economic 

tribulations as from the supposed threat of invasion. 

So much paper money was printed as to provoke severe 

inflation, creating an economic crisis that peaked in May 

1795, with starving Parisians rioting in the streets. 

In 1796, France's currency reverted back to silver and 

gold coins. Deflation was dodged by France's success in its 

military ventures, which resulted in inflows of precious met-

als from abroad. 

Beyond the meteoric rise of Napoléon Bonaparte, the 

French Revolutionary Wars had lasting consequences: 

spreading revolutionary principles over much of Europe and 

the Middle East, inciting the rebirth of professional armies, 

and the emergence of total war, which defined future con-

flicts, most immediately the 1st World War. 

 Merchant Navies  

States valued a large merchant navy, as it took revenue 

from foreigners for shipping services and encouraged domes-

tic exports on the cheap, at least in theory. Moreover, as the 

chief difference between a merchant vessel and a warship 

was merely the number of guns that it carried, a merchant 

fleet could be converted into a navy if war broke out. 

The mental milieu of European policy makers in the 

17th–18th centuries was that trade was a form of undeclared 

warfare: a zero-sum game. Underlying this was the silly 

assumption that there was a fixed volume of international 

trade; so, the fight there was over market share. 

Britain and other countries sought to maximize their 

advantage while minimizing that of rival nations. The 

primary weapon in this war was a tariff on imported goods. 

Exports were lauded as money spinners, whereas imports 

were disdained as a financial drain. Most nations had 

"navigation laws" which aimed to restrict seaborne carriage 

to domestic ships. 

Governments encouraged fisheries, both as a means for 

greater self-sufficiency in food supply, and for furnishing an 
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export commodity. It also helped in training seamen and 

stimulated shipbuilding. 

 Russia  

During the 16th and 17th centuries, Russia developed 

largely in isolation from the West, both economically and po-

litically. Virtually landlocked, the boyars (great nobles) of 

this feudal empire crafted a centralized bureaucracy. 

During the 16th century, early in the Romanov dynasty, 

the state sanctioned serfdom by curtailing peasant rights to 

leave a landlord. Taxation left those tethered to the land im-

poverished.  

The movement of tradesman and craftsman was similarly 

restricted. All segments of the working population were sub-

ject to heavy taxes. This guaranteed regular peasant riots. 

The greatest peasant revolt in 17th century Europe was in 

1667, as the Cossacks – free settlers of south Russia – reacted 

against state centralization and heavy tax burden.  

Serfs escaped their landlords and joined the rebels. The 

Cossack leader, Stenka Razin, incited peasant uprisings as 

he led his followers up the Volga River. The tsar's army fi-

nally crushed the rebellion in 1670. Razin was captured and 

beheaded a year later. 

Urban citizens were equally bumptious. Muscovites re-

volted against the Romanovs over taxes in the Salt Riot 

(1648); the Copper Riot (1662), over inflation from debasing 

the currency; and the Streltsy Uprising (1682), a civil revolt 

by state-employed guards (streltsy) in Moscow, who easily in-

cited mobs of impoverished residents to riot and loot. 

The coming to power of Peter the Great in 1682 led to 

Russia becoming a more modern and bellicose state. Peter 

deliberately set out to economically modernize and culturally 

westernize his country. Peter subsidized western European 

entrepreneurs and artisans to settle in Russia and practice 

their commerce and crafts. He built St. Petersburg on land 

conquered from Sweden. This provided a convenient port 

onto the Gulf of Finland, which led into the Baltic Sea. Peter 

set out to build a navy. 
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All of Peter's policies and reforms had a singular goal: to 

render Russia a great military power. The country was at 

war, mostly offensively, for all but 2 years of Peter's reign. 

Government administration was centralized and ration-

alized. An efficient tax system was devised, as Peter put it: 

"to collect money, as much as possible, for the artery of war."  

When domestic industries could not produce government 

demand for armaments, Peter set up state-owned mines, 

foundries, factories, and shipyards, staffed by Western man-

agers and technicians.  

These managers were supposed to train a native labor 

force. But since the labor supply consisted of illiterate serfs, 

the effort met with scant success. Only copper and iron in-

dustries in the Ural Mountains, where ore, timber, and wa-

terpower were plentiful and cheap, became viable. 

Peter's highly regressive tax regime failed to deliver suf-

ficient income to fund his army and bureaucracy. All the 

while, the only truly productive force in the economy – peas-

ants – toiled away for a bare subsistence after the extractions 

of their masters and the state. 

 The American Revolution  

The newly established colonies in the Americas were an 

opportunity to exploit raw materials and garner crops for the 

British luxury market that could not be grown at home, ei-

ther owing to unsuitable climate or because the requisite 

cheap labor was unavailable. Despite the empire's best ef-

forts, things got out of hand with the uppity colonists. 

Britain did not furnish coins to the American colonies and 

forbade colonials from making them. The British hoped that 

keeping money scarce would force colonists to trade exclu-

sively with England. Economic development in the American 

colonies was stymied as the colonies could not issue convert-

ible banknotes. 

To circumvent the shortage of precious metals upon 

which to found a decent currency, some colonies issued paper 

notes which were treated as legal tender. Some southern 

states had long used tobacco leaves in lieu of printed paper. 
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The notes were labeled in values of rare coins, notably Eng-

lish pounds, but especially Spanish dollars. These notes were 

bogus in not being backed by deposits of the currencies they 

claimed – but it worked, as it was backed by trust in the local 

colonial government. 

This monetary system resembled the Roman Empire, in 

that monetary creation was entirely in the hands of the gov-

ernment. Scriptural money was not created via synergy be-

tween individuals and private banks, as was happening 

contemporaneously in England. 

The indebtedness which Britain had incurred during the 

7 Years' War (1756–1763) caused consternation among the 

British political elite. This led to novel forms of taxation. 

Among them was trying to milk the American colonies with 

a variety of taxes. The response was revolt. 

When war broke out in 1775, the confederation of states 

did not want to resort to taxation, which was the wellspring 

of the revolution, and therefore hated by most Americans. 

The Continental Congress had no choice but to finance itself 

by printing credit notes, called "continentals." 

Acceptance of continentals was voluntary. The artifice 

that justified their fabrication was the promise of later ex-

change for gold or silver, with interest. 

American continentals constituted history's first large is-

sue of fiat money: inconvertible paper currency backed only 

by assurance. By comparison, banknotes were an intermedi-

ate commodity, while credit notes approached pure money. 

Paper money was immediately controversial. The Quak-

ers of Pennsylvania refused it on religious grounds. For their 

righteousness (some thought it avarice) they were fined, im-

prisoned, and their property confiscated. The American way 

got off to an early start. 

Individual states followed the confederation's lead. The 

egregious exercise of printing presses for fiat notes took the 

nascent nation from deflation from want of currency to hy-

perinflation that was matched only by Germany in the wake 

of the 1st World War. 
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In 1781, American soldiers paid in valueless paper money 

mutinied, leaving the American army on the brink of col-

lapse. France saved the day, sending warships and reinforce-

ments, as well as precious silver coins. 

With that, continentals became utterly worthless. De-

spite victory in the War of Independence, the country was 

wracked by financial chaos and attendant violence. 

Paper money polluted the equity of our laws, turned them 
into engines of oppression, corrupted the justice of our public 
administration, destroyed the fortunes of thousands who had 
confidence in it, and went far to destroy the morality of our peo-
ple. ~ American merchant and economist Pelatiah Webster 

With the war over in 1783, the new American government 

had the power to keep its promise to repurchase continentals. 

In 1791, those still holding the paper were "generously" of-

fered exchange at 1/100 their face value in Federal Treasury 

bonds, not noble metal.  

The federal government repurchased and exchanged 

state notes in the same way. Treasury bonds were denomi-

nated in the new currency, which was ostensibly based upon 

a bimetallic standard (gold and silver). 

To grease the acceptance of government bonds via in-

creased liquidity, Alexander Hamilton, the first Treasury 

Secretary, favored creation of a financial market. His envi-

sioned stock and bond exchange opened in 1792, when 24 

merchants met under a buttonwood tree in New York City. 

This followed the establishment of the Philadelphia stock ex-

change 2 years earlier. 

Initially influenced by the inflation brought about by Con-

tinental currency, the new country's financial policy was con-

servative. The Constitution forbade the federal government 

and the states from issuing paper money. Business was to be 

done with gold and silver, and bank notes redeemable in 

these precious metals. A central bank, the First Bank of the 

United States, was created in 1791 to enforce discipline on 

state-chartered banks, by refusing to accept the notes of 

those that did not pay out in specie on demand. 

The by-now conservative northeastern states approved. 

The needy south and west most certainly did not: they valued 
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easy credit. So, in 1810, under attack for its financial rigor, 

the charter of the First Bank was not renewed. 

Prices rose in the wake of the War of 1812 (1812–1815), 

which was financed by public borrowing. State banks, re-

lieved of the burden of forced redemption, were chartered 

with abandon. These banks issued notes, as did other trust-

worthy establishments, from barbers to bartenders. Leverage 

magically levitated throughout the country.  

Following the War, property values rose wonderfully, at-

tracting speculation from those who were convinced that 

greater increases were in the offing. This gave rise to the feel-

ing that a higher regulatory authority was once again 

needed. 

The Second Bank of the United States was chartered in 

1816. It initially added to the boom by enthusiastically in-

volving itself in real estate loans. 

The boom collapsed in 1819. Prices and property values 

plummeted. Loans were foreclosed. Bankruptcies soared. 

In this first speculative episode in American history, the 

term panic entered the language as pertaining to money. 

Later, capitalist apologists sought less alarming references; 

hence: crisis, depression, recession, and growth adjustment 

successively denoted the aftermaths of greedy optimism run 

amok. 

Sobering up before the bottom fell out in 1819, the Second 

Bank had begun calling in some notes for payment. So, in the 

aftermath, it was pinned with the blame.  

Populist President Andrew Jackson derided the Bank, 

and so rallied opinion against renewing its charter. Nearly a 

century would pass before a central bank was again tolerated 

in the United States. 

Suspicions are entertained, and charges are made, of gross 
abuse and violation of its charter. ~ President Andrew Jackson 
to Congress in 1832 on the Second National Bank 

With no central bank, new banks sprang up like weeds, 

pollinating the economy with a flood of notes. The speculative 

bubble was once again in real estate, especially in the west, 

including claims on public lands. 
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Manufacturing and commodities took advantage of the 

ample liquidity, which poured in from across the Atlantic, es-

pecially Britain. State-backed infrastructure investments, 

such as canals and turnpikes, were especially considered 

safe. Meanwhile, small investors across America and Europe 

were snapping up exotic financial instruments based on slave 

holdings. 

The inevitable disenchantment and collapse came in 

1837. A period of marked depression ensued. With it arose 

the distinctly modern attitude toward outstanding loans: re-

pudiation. Several states dismissed their debts, expressing 

anger that foreign banks and investors should now, in hard 

times, demand payment for capital so foolishly given. This 

sentiment would echo over a century later when Third World 

debtor nations went insolvent. 

 Industrialization  

The way of industrialism is the way of the machine. ~ Amer-
ican farmer and environmentalist Wendell Berry 

By the beginning of the 18th century, European busi-

nesses had increasingly focused on and achieved productivity 

improvements. There were sizable concentrations of rural in-

dustry in western Europe, mostly in textile manufacture. 

With the advent of industrialization, life for workers be-

came dire, both in the factory and at home. British cotton tex-

tile workers succumbed to lung diseases from the dust 

generated during production. This was typical of working 

hazards, which were multifarious. 

Have mercy, cried the blacksmith. How're you going to re-
place human hands? Found guilty, said the judge, for not being 
in demand. ~ Canadian musician Robbie Robertson in the song 
"Last of the Blacksmiths" (1971)  

Under the crushing wheel of industrializing capitalism, 

those with craft skills lost their livelihoods; replaced by 

poorly paid, unskilled workers at unsafe machines. 70–80 

hours per week labor was the norm, and many worked over 

100, with just half of Sunday off. 
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Laws to protect workers were nonexistent. Men rebelled 

so frequently that factory owners took to hiring women and 

children, subjecting them to horrendous working conditions. 

The urban working class lived in crowded hovels, some-

times 15 to 20 in a room. Hundreds typically shared a single 

toilet.  

Workers died off like flies. In poor areas of Manchester 

England, life expectancy was 17 years: 30 years less than 

what it had been for the English before the Norman conquest, 

9 centuries earlier. 

This privation was according to plan. The economic think-

ing that dominated Europe from the 16th century was that 

poverty was instrumentally beneficial. Albeit miserable for 

those caught in the merciless grip of the market system's "in-

visible hand," plentiful cheap labor was what kept the eco-

nomic engine humming – to the great benefit of investors and 

industrial masters. 

In a free nation where slaves are not allow'd of, the surest 
wealth consists in a multitude of laborious poor. ~ 18th century 
Dutch political economist Bernard Mandeville 

Not until the 1990s did economists manage to fashion a 

coherent theoretical framework which suggested that high 

levels of poverty might be an economic drawback. 

 

The misery that industrializing capitalism created 

sparked reaction. Some tried to turn the clock back. The Lud-

dites – supplanted English textile craftspeople – took to de-

stroying the machines that had replaced them.* 

Others sought a more constructive response. Welsh entre-

preneur Robert Owen tried to build a communal community 

to illustrate how socialism could work for the benefit of all. 

The most notorious respondent to industrializing capital-

ism was English academic Karl Marx, who derided the efforts 

of Owen and others as "utopian." Marx imagined a "scientific 

socialism": a polity which took the reins of capitalism and 

 
* Mill owners replied to the Luddites by shooting them. The move-

ment was eventually extinguished by military force. 
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turned it into an egalitarian society with a command econ-

omy. Marx had no impact during his lifetime, but his legacy 

became legendary.  

 

Until 1750, peasant life expectancy in France was 35 

years; no better than hominids a million years earlier. Brit-

ain was little better. This owed to malnutrition. Chronic hun-

ger continued for the mass majority in the industrializing 

world into the 19th century. The exception was the United 

States, where people were better fed. 

Though facing dismal prospects, people kept breeding. 

Population growth rose rapidly during the early stages of in-

dustrialization. Although infant mortality declined, the 

chances of surviving childhood did not improve with indus-

trialization. 

Industrial processes and organization have robbed the worker 
of his craft and its heritage. ~ American political economist 
Harry Braverman 

 Child Labor  

With limited opportunity for education, and long a source 

of easy exploitation, children were put to work. There was no 

need for strength to operate a machine, and, as industrial 

systems were new, there was no experienced adult labor pool. 

Some machines were even designed for child operators. 

Most importantly to those needing laborers, a child could 

be paid much less, even as its productivity was comparable. 

This made children the labor of choice in the 18th and 19th 

centuries. 

Children as young as 4 years worked. Beatings and long 

hours were the norm. Animals in preindustrial times were 

treated far better than children during industrialization, 

who, beyond being abused, were regularly mutilated or poi-

soned at their place of work, if not killed outright. Many 

working children starved to death. 

The first laws against child labor were passed in Britain 

in 1833 and 1844. A scarcity of inspectors effectively eviscer-
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ated the legislation for decades. In the United States and con-

tinental Europe, child labor remained a norm into the 20th 

century. For much of the rest of the world, child exploitation 

remains common. Child labors powers the economies of most 

of sub-Saharan Africa. 

 India  

India has more child laborers than any other country: es-

timated in 2012 to be ~45 million. ~20% work as domestic 

help. 

Child labor and trafficking is commonly considered a 

symptom of poverty: destitute families sell their offspring, 

who end up as prostitutes and manual laborers. In India, the 

exploitation of children is a sign of growing wealth: a bur-

geoning middle class has created a surging demand for do-

mestic workers. These jobs are often filled by children. 

There is a huge, huge demand. ~ Indian lawyer Ravi Kant 

Indian law offers only limited safeguards against child 

exploitation, and enforcement of those safeguards is practi-

cally nonexistent. Public attitudes are permissive. 

There is no fear of the law. ~ Ravi Kant 

Even in the lowest rungs of the middle class, families of-

ten have at least 1 live-in servant. The well-off have a retinue 

of attendants in various capacities. 

A kidnapping industry arose to meet demand. Every 6 

minutes, a child goes missing in India. Over 90,000 children 

are officially reported missing every year (2011 statistic). 

The cheapest and most vulnerable workforce is children – 
girls in particular. The demand for cheap labour is contributing 
to trafficking of children from remote parts of India to big cities. 
~ Indian children's rights advocate Kailash Satyarthi 

 

One of the most salient points to be made about the na-

ture of capitalists, the exploitative evil of which was most ob-

vious during industrialization, is that most put up fierce 

resistance to reform. This same objection to decency remains 
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apparent today, with concerted efforts to block regulations 

which may protect workers, consumers, or the environment. 

 

Concentration of wealth into the hands of a tiny minority 

is one of human history's few economic continuities. Capital 

was always available to exploit resources. What changed was 

technology: machinery, and the means to power it. 

The transformation to the industrial age had 3 distin-

guishing characteristics: 1) extensive employment of me-

chanically powered machinery, 2) greater use of energy from 

inanimate materials, notably fossil fuels, and, 3) prevalent 

use of materials not found in Nature. 

The most meaningful technology improvements involved 

machinery and mechanical power, affording production that 

was previously done by human or animal power more slowly 

and/or laboriously, or not at all.  

Since antiquity, pulleys, wheels, and levers had effec-

tively multiplied applied power. Water and wind had long 

been used for mills and sailing ships. During the 18th cen-

tury, these garnered even more use for a greater diversity of 

tasks. But power from these sources was still limited, and 

therefore limiting.  

In the early stages of industrialization, the substitution 

of coal for charcoal and wood, and the introduction of the 

steam engine – for mining, manufacturing, and transporta-

tion – made all the difference. This large leap in power also 

produced prodigious amounts of pollution. It concomitantly 

created, much later, the perception of a trade-off between 

growth and environmental quality, with growth always win-

ning, at least until the environment had been made obviously 

uninhabitable. Then the false issue became one of sustaina-

bility: how much rape could Nature take before it became un-

livable. 

With greater power resources, the use of processed metal-

lic ores became manifold. As chemical science advanced, syn-

thetic materials took an ever-increasing prominence. This too 

created a pollution problem, in production and especially af-

ter consumption. Synthetics were often created for their du-

rability, which meant that they were not biodegradable. 
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Garbage grew exponentially in scale from consumption-

driven growth. But its disposal raised no fuss greater than in 

earlier times. 

In the Middle Ages, urban dwellers dumped their wastes 

into the streets from their doors and windows, letting the 

rain wash it away. Medieval European cities were rank. By 

the 1200s, the overwhelming stench led to laws requiring 

cesspits (holes in the ground), which were emptied regularly 

by town workers, with the waste carted to larger dump sites 

outside of town. 

 Industrial Evolution  

The Industrial Revolution was another of those extraordinary 
jumps forward in the story of civilization. ~ English architect, 
teacher, and writer Stephen Gardiner 

The term industrial revolution became common in the 

late 1830s. Serious scholars protested the term as inaccurate, 

to no avail. Catchy color commentary often trumps actuality 

in the popular imagination. Stephen Gardiner's foregoing 

fantastic characterization is illustrative of myth perpetua-

tion. 

Although the pace picked up owing to the number of peo-

ple working at it, technological advance was ever incremental 

during the Age of Enlightenment. Industrialization in the 

form of factories was a process of evolution. There was no rev-

olution of industrial prowess, only a propagation of its appli-

cation.  

Scientific progress during the early modern period sowed 

the seeds of technological advance that led to industrial evo-

lution. In England, the influence of philosopher, politician, 

and scientist Francis Bacon led to the founding of the Royal 

Society in 1600, "for improving Natural Knowledge." 

Knowledge is power. ~ Francis Bacon 

Science was slow to lend its brain wattage to industriali-

zation. It was not until the last half of the 19th century, with 

the flowering of the electrical and chemical sciences, that in-

dustry benefited from scientific theories.  
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In contrast, the practical part of the scientific method – 

observation and trial-and-error experimentation – had an in-

creasing influence on production processes from the late 17th 

century on. Tinkering was not confined to men with training. 

Indeed, much technological advance in the 18th to early 19th 

centuries was the product of self-taught enthusiasm. The 

term engineer acquired its modern meaning in the early 18th 

century. 

The institutional setting in Europe for the economic 

changes that transpired during the 19th century, especially 

in Britain, was a juxtaposition of conducive elements, none 

individually new. Rule of law for commercial concerns, social 

mobility, private property, and a functional private banking 

system all provided a framework for those with material 

means to exploit opportunities. 

The advancement of capitalism in the Western European 
countries and their offshoots in the 19th century is often at-
tributed to the spread of free trade and free market. This could 
not be further from the truth. The government played a leading 
role in the early development of capitalism both in Britain and 
the US, as well as in other Western European countries.  
~ South Korean economist Ha-Joon Chang 

The sine qua non of industrialization was replacing ani-

mal power – including that of humans – with machines. In-

creased production did, for a time, provide jobs, albeit 

requiring less skill than those supplanted.* This aspect of in-

dustrial evolution is familiar in the present day. 

The promise economists dreamed of – of a better society 

– was not met. Socially, the onslaught of industrialization 

transformed exploited and overtaxed peasants into an ex-

ploited and overtaxed urban proletariat. 

To spare the wealthy, taxes were designed to be regres-

sive. The political influence of wealth and accompanying eco-

nomic thought as to the importance of capital let money 

 
* Industrialization continued to evolve in waves. From the mid-20th 

century, the physical displacement of work began to take cerebral 

form, with computerization usurping mental labor, such as ac-

counting and file-keeping. This trend accelerated into the 21st 

century with industrial robots. 
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sweet talk its way to favoritism. This too was a historical con-

stant. 

Just as the pace of technology increased, so too the con-

centration of economic power. Amalgamation of capital be-

came increasingly important to fund the emergent machine 

regime. 

If there was a revolution in the making, it was within the 

minds of the mass populace. The stratification of society that 

always existed became somewhat more economic as opposed 

to generational, though, by virtue of inherited wealth, that 

too remained. 

Opportunities were gradually created where more fortu-

nate, diligent, and creative workers might transcend the so-

cioeconomic class of their forefathers. This hope, along with 

propaganda by a plutocratic press, fertilized the myth that 

capitalism was a natural economic order. 

Capitalism is the legitimate racket of the ruling class. ~ Amer-
ican gangster Al Capone, who understood rackets 

 England  

England being the first nation to industrialize on a large 

scale owed to it being the first to ramp its agricultural 

productivity. By the end of the 17th century, England was 

ahead of continental Europe, with only 60% of its workforce 

producing food. The proportion steadily declined to 36% by 

the beginning of the 19th century, 22% mid-century, to less 

than 10% when the 20th century dawned. This improvement 

came from experimenting with new crops and crop rotations.  

Probably the most important agricultural innovation 

came in the 19th century with convertible husbandry: alter-

nating field crops with pastures, which were frequently sown 

with fodder crops. The dual advantage was restoring soil fer-

tility through better crop rotations, and carrying more live-

stock, thus producing more dairy, meat, produce, wool, and 

manure fertilizer. There was also the selective breeding of 

livestock to gain desired traits. 

A prerequisite to these innovations was consolidation and 

enclosure of fields. Under the traditional system of open 

fields, it was often excruciatingly difficult to get agreement 
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about new crops or rotations. Likewise, livestock grazing in 

common herds made selective breeding problematic. 

Enclosure by private agreement had been ongoing since 

the late Middle Ages. It picked up pace in the late 1600s, into 

the 1760s. By that time, over half of England's arable land 

had been enclosed. Since then, Parliament passed laws to fin-

ish the property partitioning. There was considerable opposi-

tion to this, particularly from cottagers and squatters 

without open field holdings of their own. With enclosure, the 

prospect was lost of grazing a beast or 2 on the common pas-

ture. Hence, those with the least lost out. 

Enclosed farms of 40–120 hectares replaced nucleated ag-

ricultural villages surrounded by open fields. Along with en-

closure came consolidation. By 1850 over 30% of cultivated 

acreage were farms larger than 120 hectares. Only 22% of the 

land went to farms smaller than 40 hectares. Even so, there 

were twice as many people on these small properties.  

Small farms were family owned and occupied, worked by 

the residents. In contrast, the larger lands were capitalistic 

tenant farmers, who rented the land and hired landless agri-

cultural laborers. 

Apportioned agriculture increased the demand for labor. 

Not until the last half of the 19th century did the absolute 

number of agricultural workers begin to decline. The reason 

was the introduction of farm machinery: steam plows, 

threshers, and harvesters. 

In the meantime, improving productivity enabled feeding 

a burgeoning population. England exported food from 1660 to 

1760, until population growth outpaced agricultural produc-

tivity. 

England was also ahead of continental Europe in having 

a relatively prosperous rural population. Hence, there was a 

ready market for manufactured goods, ranging from agricul-

tural implements to clothing and housewares. 

By the end of the 17th century, only the Netherlands ex-

ceeded British foreign trade per capita. London had already 

developed into a sophisticated commercial and financial cen-

ter and was beginning to rival Amsterdam. 
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Already by the 16th century, London was a locus of 

growth for the English economy. This owed to the ancient im-

perial Romans, who selected the city's site. The network of 

roads that the Romans built still served London area 

transport in the 16th century, and in later centuries. By 

around 1700, London surpassed Paris as the largest city in 

Europe. 

 Finance  

Commercialization depended upon financial support. 

England's efficiency there was stunted by governmental cen-

tralization. 

The origins of England's banking system are obscure. Af-

ter the Restoration of 1660, when a unified monarchy of Eng-

land, Scotland, and Ireland was restored, a number of 

goldsmiths in London began acting as bankers: issuing de-

posit receipts that circulated as banknotes. Creditworthy en-

trepreneurs got loans. 

The Bank of England, founded in 1694, forced private 

bankers to stop issuing banknotes, as the bank was granted 

a legal monopoly. But private bankers still accepted deposits, 

drafts, and discounted bills of exchange. 

The Bank of England established no branches. Its large-

denomination banknotes did not circulate outside the capitol. 

Areas outside London were without formal banking facilities. 

In the provinces, wealthy merchants, brokers, and attorneys 

performed some elementary banking functions. 

The Royal Mint's practices were inane. Its gold coins were 

too big for paying wages or retail trading, and it minted a 

scant number of silver and copper coins. 

The dearth of small change prompted private enterprise 

to step in. Merchants, industrialists, and even publicans is-

sued scripts and tokens that acted as currency. 

Thus arose country banks: any bank not in London. Their 

growth was especially explosive during the 2nd half of the 

18th century. By 1810 there were 800 country banks. 
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 Transport  

The growing industrial economy de-

pended upon moving copious quantities of 

bulky goods: grains, timber, coal, and ores. 

The cost and dependability of delivery di-

rectly affected economic growth. 

 Britain owed much of its enviable posi-

tion at the onset of industrialization to be-

ing an island nation, close to others with which trade was 

convenient. The watery buffer that kept it away from conti-

nental warfare, except when it chose to participate, also pro-

vided a means for inexpensive transportation.  

Internally, the many navigable rivers and streams of the 

British Isles lessened the need for overland transport. This, 

and the relatively compact land mass, put England at an ad-

vantage compared to most of the European continent. 

For all that, Britain busied itself with improving 

transport facilities. From 1660–1749, Parliament passed 

hundreds of private acts for river and harbor improvement. 

In the 1750s came the canal age. Artificial waterways 

were created to connect navigable rivers with each other, or 

to more readily get mining ores to their markets. By 1820, all 

the major production centers and markets were linked, as 

well as ready access to foreign trading ports. 

Traditionally, road maintenance responsibility belonged 

to the parishes, using the forced labor of local inhabitants. 

Road conditions were generally deplorable. 

Beginning in the 1690s, Parliament created, by private 

acts, turnpike trusts, to build and maintain toll roads. The 

greatest spurt of turnpike construction was during the 1750s 

and 1760s. Road mileage peaked in 1836, by which time rail-

ways had begun to diminish the commercial importance of 

roads and canals. 

The first railways in Britain were built at coal mines. 

Railed coal carts were pulled by horses until the early 19th 

century, when stationary steam engines became employed to 

pull carts via cables. By the time the locomotive steam engine 

arrived – the earliest in 1801 – Britain already had several 

hundred kilometers of railways. 
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 Industrial Innovation  

Cotton products were imported into England from India 

during the last half of the 17th century. This influx competed 

with the endemic wool and the linen industries. So, in 1700, 

Parliament banned imported cotton goods. 

Cotton's popularity led to a home-spun industry using 

raw material from the colonies. A series of successive inven-

tions in the 18th century vastly improved productivity. 

By 1800, cotton mills were constructed using the latest 

technology. Spinners and weavers no longer worked for 

themselves. The investment required to render economies of 

scale meant textile workers became employees of capitalists. 

Low wages, 18-hour workdays, and child labor became the 

norm. 

While cotton is often cited by historians as emblematic of 

England's industrial evolution, 2 other innovations – respec-

tively involving coke and steam – were also especially im-

portant. 

Into the early 18th century, many attempts were made to 

replace charcoal with coal in a blast furnace, but impurities 

in raw coal doomed them all. In 1709, English metalworker 

Abraham Darby "charked" coal the same way that timber 

was processed to get charcoal. The resultant residue was 

high-carbon coke with few impurities. This may have been a 

repetition of a process known to the Chinese in the 4th cen-

tury.  

Darby's breakthrough only slowly diffused. In 1750, only 

5% of British iron was produced via coke fuel. 

An innovative process for refining pig iron into higher-

quality wrought iron, patented by English ironmaster Henry 

Cort in 1783, along with continuing charcoal price increases, 

finally led to the widespread use of coke. This led to ironmas-

ters achieving economies scale by placing production facili-

ties near coal mines. Coal and iron output soared.  

By the end of the 18th century, England was making 

180,000 tonnes of coke-smelted iron annually. The country 

became a net exporter of iron and its wares. 
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 Steel  

Steel is harder and more durable than iron; 

hence it had been prized for centuries. But mak-

ing steel was costly. 

English engineer Henry Bessemer wanted to 

improve gun construction; so, in the early 1850s, 

he developed a manufacturing process that al-

lowed steel to become an industrial commodity. 

The Bessemer process was not in and of itself sufficient to 

produce high-quality steel. The remaining problem lay in at-

taining the exact combination of ingredients. English metal-

lurgist Robert Mushet carried out thousands of experiments, 

turning the Bessemer process into a practicality, something 

Bessemer himself had failed at. 

In trying to license his innovation, Bessemer was at first 

rebuffed by industrialists. So he started his own company, 

and undersold the competition; whereupon licenses were ap-

plied for in such numbers as to render Bessemer a very rich 

man. 

Bessemer gave Mushet neither credit nor cash for his con-

tribution. By 1866, Mushet was destitute and in ill health. 

That year Mushet's 16-year-old daughter paid Bessemer a 

visit, confronting him with the fact that his success was 

partly the product of her father's work. To avoid the prospect 

of legal action, Bessemer paid Mushet a tidy pension for over 

20 years, though it was a tiny fraction of what Bessemer had 

made. 

Steel had a profound impact on other industries. Steel 

made rail travel safer and less expensive. Ships of steel were 

lighter, faster, and larger. Steel enabled skyscrapers. Steel 

became the standard material for hundreds of products, from 

engines to hair pins. 

 

Steam engines were first put to work in mines. Beginning 

in 1785, engines put steam in the stride of the cotton indus-

try. Production became more industrialized and capital-in-

tensive, while lessening the need for manual labor. 
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Unlike cotton, the linen and wool industries were en-

crusted with tradition and regulation. Further, the physical 

characteristics of the raw material hindered mechanization. 

Mechanical innovation for these fabrics only began in the 

early 1800s, and these industries were not fully transformed 

until the latter half of the 19th century. 

Not all industrial innovation was a product of machinery. 

While James Watt was working his steam engine, economist 

Adam Smith was writing about pin factory productivity via 

specialization and division of labor. 

2 facets embodied industrialization: the increasing em-

ployment of machines, and the rationalization of human en-

deavor. Smith's pin factory was emblematic of many 

industries that produced consumer goods: from simple pots 

and pans to sophisticated clocks and watches. 

 Industrial Chemistry  

Advances in chemical science and industrial application 

were intertwined. In the 18th century, chemists learned 

much from industrial experimentation, as manufacturers of 

soap, paper, paints, dyes, and other products sought to cope 

with raw material shortages. 

Sulfuric acid etches an example. Known to medieval al-

chemists, this versatile and imminently useful substance was 

both dangerous and expensive because of its corrosive power. 

In 1746, English industrialist and chemist John Roebuck 

devised an economical production process employing lead 

chambers – thus sulfuric acid was commercialized. The acid's 

most popular use at the onset was as a bleaching agent, until 

replaced in the 1790s by chlorine gas. 

At the other pH extreme, alkalis – especially caustic soda 

and potash – were widely used in industrial processes. In the 

18th century, alkalis were had by burning vegetative matter, 

especially kelp and barilla. Inelastic supply encouraged a 

substitute. 

In 1791 French chemist and surgeon Nicholas Leblanc 

discovered how to make soda ash from salt and sulfuric acid. 

Hydrochloric acid was a useful by-product. Artificial soda, as 
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it was called, had many industrial uses, including the making 

of soap, glass, paper, paint, and pottery. 

 

Industrialization was a regional phenomenon, both 

within countries and across the continents. After England's 

early lead, the United States, Belgium, France, and Germany 

were early industrializers. Belgium's proximity to Britain 

was helpful, but the region had a long industrial tradition, 

beginning with textile production in the Middle Ages. The 

economic growth of the US during the 19th century was most 

spectacular, positioning the country well for the world-chang-

ing events that transpired in the early 20th century. 

 France  

France had the most aberrant growth pattern. While its 

scientists and inventors took the lead in several industries, it 

lacked the coal resources that helped fuel other early indus-

trializers. Though modern economic growth began in the 

18th century, it was tripped up by the 1789 revolution and 

its aftermath. France suffered a long run of inept governance.  

The French government unwittingly slowed the country's 

economic development via the Méline tariff: a protectionist 

measure introduced in 1892.* The tariff raised food prices by 

more than a quarter, in the process boosting agricultural 

wages. It had considerable societal impact.  

Countries go through a demographic transition during in-

dustrialization, from high fertility and mortality to lower 

rates of both. If a greater proportion of children survive, par-

ents tend to have fewer of them and to invest more in their 

education. This in turn increases the useful qualities of a 

country’s people, and thus improve a country's growth pro-

spects. 

Fertility rates rose and primary-school attendance fell in 

the regions that benefited most from the Méline tariff. Higher 

farm wages engendered offspring while discouraging parents 

from sending them to school. Whereas a child on the farm is 

 
* The tariff was named after French politician Jules Méline. 
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an extra pair of helping hands, one being educated is less use-

ful to its keepers. 

For France, the Méline tariff halted a century-long de-

cline in birth rate and set educational development back 15 

years. This helps explain why Britain's economy – which did 

not protect agriculture at all at the time – outperformed 

France in the early 20th century. 

 Germany  

Germany was the laggard of the early industrializing 

countries. A divided polity meant that Germany was poor and 

backward during the 1st half of the 19th century: predomi-

nantly rural and agrarian. Yet, by the eve of the Great War, 

the unified German Empire had become the dominant indus-

trial nation in Europe. Its ascent in the last half of the 19th 

century was especially rapid. The country's extensive railway 

network and its exploitation of coal in the Ruhr valley were 

key. 

 Energy  

Energy was critical to industrializing economies. Water-

power was limited. Wood was never a very efficient fuel, as it 

gives off comparatively little heat: not enough to melt metals. 

In comparison, charcoal gives off twice as much heat as wood 

when burned. That left fossil fuels, which were abundant. 

 Fossil Fuels  
Humanity is rapidly extracting and burning fossil fuels with-

out full understanding of the consequences. ~ American clima-
tologist James Hansen 

Fossil fuels are ancient organic matter protractedly 

pressed and heated via subterranean processes into various 

forms. Whereas coal comprises dead plants pressed into rock 

resemblance, petroleum originates from archaic algae and zo-

oplankton, oozed into a viscous brew.  

Coal came from the demise of mighty trees during the 

aptly named Carboniferous period (359–299 MYA). It was an 

oxygen-rich time when insects grew to horror-movie size: 
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foot-long cockroaches, dragonflies with meter-long wing-

spans, and gigantic spiders. 

When the trees toppled, the stagnant swamps in which 

they grew protected them from rotting. Over millions of years 

the erstwhile trees dried, were compressed, and naturally 

cooked into coal. 

Making crude oil is a more delicate process than crunch-

ing trees into coal. The dead bodies of tiny sea creatures had 

to have been trapped, preserved, and cooked at precisely the 

right pressures and temperatures. If the process went awry, 

the oil broke down into methane, also known as natural gas. 

Crude petroleum consists of several chemical components 

called fractions, which make for distinct products. 

These fossils lay near the surface and within Earth's 

crust for hundreds of millions of years; decayed organic re-

mains transformed by pressure and heat into combustible hy-

drocarbons with rich energy content. Tapping that energy 

incurs considerable externality in polluting the air with par-

ticulates and greenhouse gases.  

The hydrogen content of fossil fuels provides most of the 

energy. Much of the once-trapped carbon is released into the 

atmosphere, where it acts as a warming agent. 

 Coal  

Coal was the calling card of early industrialization: re-

placing wood, charcoal, wind, and water. At the onset of the 

20th century, coal dominated energy supply. As the century 

wore on, other fossil fuels, particularly petroleum and natu-

ral gas, came to the fore.  

In 1928, coal still accounted for 75% of world energy pro-

duction. Petroleum was 17%, while water was 8%. 

In 1950, coal provided 50%, with petroleum and natural 

gas 30%. By 1980, those percentages had more than reversed. 

Nonetheless, in several countries, including the US and 

China, coal continues to play a critical role in energy supply, 

particularly in electric power generation. China is the world's 

largest producer and consumer of coal, accounting for 25% of 

the world's total. 
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 Clean Coal  

Coal-burning power plants invariably spew massive 

quantities of greenhouse gases and other pollutants into the 

air. The most ambitious effort to develop "clean coal" technol-

ogy was at Southern Company: the electric-power provider 

for much of the southern US.  

The company began construction on a prototype "clean 

coal" plant in Kemper county, Mississippi in 2010. The Kem-

per project was to be completed by May 2014, at a cost of $2.4 

billion. By mid-2018, the plant was still not in service, after 

nearly $8 billion had been sunk into it: the most expensive 

power plant in history. The Kemper design has what proved 

to be an insurmountable problem: it requires twice the 

maintenance downtime than predicted (50% versus 25%). 

The company hid known problems from regulators for 

years, deceptively touting progress while mired in intractable 

difficulties. Having received government subsidies, the com-

pany decided upon the stratagem of denial. Despite the reve-

lation of deception, as of mid-2018, the government has not 

asked for any money back. After all, doing so would be an 

admission to taxpayers that oversight was lacking – so, de-

nial all around. 

 

In the 2nd decade of the 21st century, cheap oil from 

fracking sent coal prices plummeting. As US coal companies 

collapsed into bankruptcy, they left billions of dollars in man-

datory cleanup for taxpayers to pay; this after decades of sub-

sidizing the coal industry to massively pollute in the first 

place.  

These groups collectively are the heart and soul of climate 

denial. ~ American environmentalist Kert Davies 

Before their decline, America's largest coal companies 

spent millions funding dozens of groups that cast doubt on 

man-made climate change and oppose environmental regula-

tions. This was on top of funding politicians favorable to their 

cause (mostly Republicans). 
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As a secondary energy source, electricity became essen-

tial to industrialization, as it afforded precise power applica-

tion. 

 Electricity  

Electricity is really just organized lightning. ~ American co-
median George Carlin 

Electrical phenomena were appreciated in prehistory, but 

as late as the 18th century, electricity was nothing but a cu-

riosity. Toward the end of that century, researchers flipped 

the switch of electricity's status from parlor trick to scientific 

pursuit. While there was rapid progress in electrical science 

in the early 1800s, it was not until the late 19th century that 

scientific understanding began to have an economic impact. 

American inventor Samuel Morse developed the electric 

telegraph 1832–1844, following on work by English scientist 

Michael Faraday, who discovered electromagnetic induction 

and other electrically related phenomena. Faraday's work 

formed the foundation for electric motor technology and led 

to generating electricity on an industrial scale.  

Replicating lightning on a small scale entranced many re-

searchers. In 1800, Italian physicist and chemist Alessandro 

Volta invented the battery and made a wire glow.  

British physicist and chemist Joseph Swan invented the 

incandescent light bulb, which he first demonstrated in 1878. 

American inventor Thomas Edison claimed credit the next 

year for inventing a practical light bulb, based upon work by 

his assistant, Serbian-American electrical engineer Nikola 

Tesla. 

Also in 1879, German inventor and industrialist Werner 

von Siemens improved the telegraph by pointing to letters 

rather than requiring Morse code interpretation. Siemens 

had already invented the moving-coil transducer in the mid-

1870s, which led to the loudspeaker. In 1880 Siemens in-

vented the electric elevator. 2 years later he came up with the 

streetcar. 

In 1882, Edison had an electrical generating station 

working in lower Manhattan. Streetlights sprouted there. 

But these small power stations, such as Edison's DC system, 
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could only distribute electricity short distances without se-

vere power loss. 

American entrepreneur and engineer George Westing-

house invented the rotary steam engine when he was 19 

years old. It was the first of many innovations he made, sev-

eral of which went to railway technology. 

Westinghouse became interested in electrical power dis-

tribution. He investigated Edison's scheme, but decided that 

it could not be scaled up. 

Westinghouse went to work developing a practical AC 

electric power generation and distribution system. He began 

by importing the best technology at the time, including a Sie-

mens AC generator, then went about making improvements 

as needed. In 1888, Tesla invented a practical multi-phase 

AC induction motor and transformer, which Westinghouse li-

censed. 

Westinghouse built a few test generating systems. The 

first was in Great Barrington, Massachusetts in 1886. His 

systems used high-voltage distribution (3,000 volts), stepped 

down to 100 volts for lights. 

Westinghouse's promotion of AC power led him into bitter 

confrontation with Edison, who favored DC. The feud became 

known as the "War of Currents." 

Edison claimed that high-voltage AC systems were inher-

ently dangerous. In 1903, Edison cruelly electrocuted an ele-

phant to make the point, not bothering to note that high-

voltage DC current could have done the same. 

Edison pushed the absurdity of the war to an apex with 

another execution. Edison, who ostensibly opposed capital 

punishment, to humans at least, set out to discredit AC 

power by secretly paying for the first electric chair to be built 

for the state of New York. Edison told the state board that 

alternating current was so deadly that it could instantly kill. 

30-year-old convicted murderer William Kemmler was 

the first to be executed by electrocution. Westinghouse had 

hired a top-drawer lawyer to defend Kemmler. The lawyer 

condemned electrocution as a "cruel and unusual punish-

ment;" but the powerful tycoon J.P. Morgan, who was back-

ing Edison, had more pull with the court. 
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In August 1890, Kemmler was electrified for 17 seconds 

and still survived. Jailers were horrified but turned the juice 

back on until the convict expired. Edison lied and Kemmler 

was fried until he died. 

The electric chair went on to become a common American 

execution method for decades, even as its tortuous nature 

was apparent. Despite his success with barbarity, Edison was 

unable to popularize his pet slogan: "to be Westinghoused."  

Edison – a vicious, unscrupulous, sharp-tongued man – 

became celebrated as a "wizard." In contrast, the fair-minded 

Westinghouse, comparably inventive and of upstanding char-

acter, but lacking Edison's taste for grandstanding, garnered 

less renown. 

By the end of the century Westinghouse had demon-

strated a working hydroelectric station at Niagara Falls. The 

power commission there had rejected Edison's proposal. Gen-

eral Electric, which absorbed Edison's electric company, com-

pleted a 2nd AC station in 1904. 

Though AC won the War of Currents worldwide, DC 

power continued in some cities, including Stockholm and 

parts of Boston, Massachusetts, into the 1960s. Consolidated 

Edison did not eliminate DC power provision in New York 

City until 2007. 

 Generation & Distribution  

Electricity is typically generated via turbines driven from 

fluid flow: water, steam, or gas. Commonly, coal or petroleum 

is combusted to boil water. Pressurized steam spins turbine 

blades, which generate electricity through electromagnetic 

induction: producing a potential difference – voltage – across 

a conductor exposed to a varying magnetic field. 

Wind or waterfall can also power turbines, as can pres-

surized gas from combusting natural gas or other light fossil 

fuel. Huge mirrors may be used to focus the sun's heat, 

thereby generating steam. Via controlled massive radioactive 

decay, nuclear fission can also generate steam, as well as cre-

ate waste that is incredibly difficult and expensive to dispose 

of. 
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Any engine that can power a rotating wheel can be used 

to generate electricity. Reciprocating (piston) engines, such 

as those used in automobiles, may be employed for power 

generation. 

Electricity can also be generated more immediately: by 

converting the sun's heat energy into direct current. Solar 

panels perform this trick.  

While sunshine is free, photovoltaic cells are relatively 

expensive, owing largely to their conversion inefficiency. But 

photovoltaic technology continues to advance and will in-

creasingly be deployed in the sunnier parts of the globe, es-

pecially in developing countries which lack inexpensive 

access to fossil fuels.  

Commercially, the fuel used to generate electricity is de-

termined by load generation characteristics. Base load is the 

level of power always needed. As electric utilities always face 

a large base load, the cheapest fuel is preferred to meet that 

load. Historically, this has been coal; then came a day favor-

ing beta decay. 

 Nuclear Power  

Our children will enjoy in their homes electrical energy too 
cheap to meter. ~ Lewis Strauss, Chairman of the US Atomic 
Energy Commission, in 1954 

The devastating intensity of nuclear reactions was under-

stood from striving to make horrendous bombs during the 

2nd World War. The potent sway of beta decay was then ap-

plied to boiling water – a humbling comedown from being 

Hell incarnate but offering the prospect of steady employ-

ment. 

Russia built the first nuclear power reactor in 1951, fol-

lowed by the British in 1956, and the Americans in 1957. 

As so little raw material was needed for fuel, there was 

tremendous optimism from the late 1950s to the end of the 

1970s that nuclear power would offer salvation from man's 

unquenchable thirst for energy, which before could only be 

slaked by burning prodigious quantities of fossil fuels.  
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Nuclear power plants globally bloomed in the 1960s and 

1970s. In 1973 the US had 42 reactors. By 1990 there were 

112. 432 nuclear plants were operating worldwide in 2013.  

France gets 75% of its electricity from water heated by 

decaying uranium. France made its decision about electricity 

generation in the 1970s. The country has quite limited fossil 

fuel resources and scant uranium. But former French colo-

nial countries in Africa had uranium, and it was readily 

available on the world market; so the French government 

ambitiously built reactors. 

Both coal and uranium are suitable fuels for base-load 

generation. The mining of either invariably entails grotesque 

pollution on a horrendous scale.  

Using coal involves burning dangerously dusty lumps 

which horrifically pollute the air. In contrast, handling radi-

oactive uranium requires extensive safeguards, but nuclear 

power generation is almost emission-free.  

The sanguine scenario of atomic power to the rescue was 

dashed as the nuclear plant construction suffered stunning 

cost overruns. The promise of nuclear power was exhausted 

by insufficient technical skill, and further compounded with 

the unreasonably unexpected dilemma of storing spent fuel. 

Nuclear power's problems begin with lack of foresight and 

planning. Owing to uranium's toxicity by proximity, atomic 

power is a much more complex undertaking than other elec-

trical generation. Compared to dirty coal, nuclear energy is a 

high-risk venture which pays off only if you disregard sound 

economics and ignore radiation, both of which are admittedly 

invisible. 

Power generation is the most capital-intensive enterprise 

on the planet. To make a bad situation worse, a nuclear 

power plant can easily cost over twice as much to build per 

kW output as a comparable coal-fired plant. 

Ignoring subsidies, which are considerable, constructing 

a 1,000 MW nuclear plant runs to $8 billion (2010 dollars) if 

construction goes according to plan, which it never does*; and 

 
* Westinghouse, which claimed to be "the world's leading supplier 

of nuclear technology," went bankrupt in March 2017. Westing-

house built the 1st commercial nuclear reactor in 1957. Since then 
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that cost does not capture the complete life-cycle cost of oper-

ating and decommissioning a nuclear plant and safely storing 

the waste.  

History shows that the expense involved in nuclear power 
will never change. Past construction in the United States exhib-
ited similar cost increases throughout the design, engineering, 
and construction process. The technology and the safety needs 
are just too complex and demanding to translate into a facility 
that is simple to design and build. ~ American nuclear power 
regulator Gregory Jaczko 

Total direct life-cycle cost of nuclear energy is easily 4 

times that of coal-fired electricity, though that figure ignores 

the indirect but extensive damage of pollution caused by 

burning coal. Which means that coal and nuclear power are 

ultimately twin devils to choose between. 

Coal often contains uranium from the mined ore. Operating 
a coal-fired power plant emits more radioactive material in its 
exhaust than an operating nuclear power plant. ~ American 
physicist Charles Ferguson 

The other part of the nuclear energy equation is that 

spent fuel must be stored so as not to leak deadly radiation 

for hundreds of thousands of years. This was never realisti-

cally planned for, and so its cost never figured in.  

A typical nuclear plant generates 20 tonnes of spent fuel 

each year. As of 2010, the nuclear industry had chewed 

through 270,000 million tonnes of enriched uranium world-

wide since the dawn of the atomic power age.  

Nuclear waste can be contained indefinitely in certain ge-

ological formations. There is no engineering roadblock to do 

so. Numerous appropriate sites are known, and several used. 

In some countries, politics has prevented long-term nu-

clear waste storage. The US has been notably negligent in 

letting petty politics prevent decent siting for radioactive 

waste disposal. This dereliction has increased the cost and 

risk associated with nuclear energy. 

 
Westinghouse built half of the nuclear power plants in the world, 

more than any other company; but it never learned to construct 

plants on schedule or within budget. Cost overruns on plants un-

der construction finally felled the company. 
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Private generation of nuclear power is subsidized by gov-

ernments across the globe. The US government pays for over 

1/3rd of the costs associated with nuclear power while power 

companies profit off consumers. From 1947 to 2015 the US 

government gave its nuclear industry over $3 trillion.  

It's just like a mule. A mule is a docile, patient beast, and he 
will give you the power to pull a plow for decades, but he wants 
to kill you. He waits for years and years for that rare, opportune 
moment when he can turn your lights out with a simple kick to 
the head. ~ Jerry Poole, referring to nuclear power 

History has shown that humans are neither methodical 

nor careful enough to be messing around with radioactive 

material. Of course, that logic is easily extended to dangerous 

substances all sorts, from toxic chemicals to DNA. 

Globally, there have been many thousands of radioactive 

mishaps. As a result, the atmosphere and waterways have 

been irradiated, and soil irredeemably contaminated. Statis-

tically, Americans and Russians have been especially care-

less, though the Japanese have also been frequent fumblers 

in the nuclear realm (which is strange, since the Japanese 

are the only people to have had massive radiation inflicted 

upon them, and so should be most acutely aware of its devas-

tation potential). 

There have been at least 115 severe nuclear plant acci-

dents 1942–2015. This does not count the other several hun-

dred foul-ups where beta decay made for a very bad day. That 

withstanding, the pollution from coal-fired power generation 

has been much more damaging to the environment and hu-

man health. 

The 1979 accident at Three Mile Island in Pennsylvania, 

with a partial meltdown of the plant and modest radioactive 

gas release, galvanized anti-nuclear sentiment in the US. 

Public panic was abetted by the movie The China Syndrome 

being in theaters at the time. The movie dramatized a nu-

clear plant mishap and subsequent cover-up, which the 

Three Mile Island foul-up made seem all too plausible. 

The safety of the environment and even workers was not ex-
actly a primary concern in the Soviet Union. ~ American re-
search scientist James Mahaffey 
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In 1986, a reactor vessel at the Chernobyl nuclear power 

plant in the Ukraine ruptured during an unauthorized test 

by inept operators, causing the core to catch fire, with exten-

sive release of radioactive steam into the atmosphere.  

It did not help that the reactor had a dangerous design: a 

Soviet-made reactor built to produce both electricity and plu-

tonium for bombs. The plant also lacked the common concrete 

containment structure that would contain a core meltdown. 

The Soviets tried to cover the incident up, which made 

matters much worse: people were unknowingly exposed to le-

thal doses of radiation.  

The Chernobyl disaster caused lasting environmental 

and political damage. Chernobyl was instrumental in chang-

ing government policies toward more transparency, termed 

glasnost, which culminated in the disintegration of the Soviet 

Union in 1989. 

 Nuclear Power in Japan  

Aside from chopping down its forests, Japan lacks fuel re-

sources. Japan has to import fuels to meet ~90% of its energy 

needs. This deficiency was a prime motivator in the milita-

ristic fever that infected the Japanese government in the 1st 

half of the 20th century.  

With scant fossil fuels, it is unsurprising that Japan was 

an early and enthusiastic adopter of atomic energy (despite 

being a victim of 2 atomic holocausts). Slowdown in nuclear 

plant construction in Japan only happened after several se-

rious accidents which provoked protests and resistance to 

new plants. Japan has had over a dozen major nuclear inci-

dents, and many more of modest consequence. Revelation of 

repeated cover-ups involving mishaps did not endear the 

public to the cause of nuclear power. 

The Japanese public had never been in favor of nuclear 

energy. The industry, abetted by the government, did its best 

to manipulate public opinion.  

Geologically, Japan is ill-suited to host nuclear power 

plants. Situated in the Pacific Ring of Fire, atop 3 tectonic 

plate boundaries which are fond of geophysical friction, Ja-

pan sports earthquakes like Idaho sprouts potatoes. 
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In the wake of an earthquake 153 km offshore, a tsunami 

hit the northeast coast of Japan on 11 March 2011, resulting 

in 18,500 deaths. A 13-meter wave crested the 10-meter sea-

wall at the Daiichi nuclear power facility, flooding the low-

lying rooms housing the diesel generators that powered 

pumps critical to the cooling system. Core meltdown ensued 

in 1 reactor, followed by hydrogen-air chemical explosions in 

2 other reactors. Building the hapless facility at Fukushima 

was considered ill-advised 600 years ago. A few kilometers 

inland from the nuclear power site are a set of inscribed 

stones set in a roughly semicircular pattern. The stones mark 

that distance that a tsunami had washed ashore. The inscrip-

tion on the stones reads: "don't even think of building any-

thing between here and the ocean." 

The 2011 disaster was merely the last in a series of mis-

haps at Daiichi. Besides lamentable siting, the plant was 

never well managed.  

There were design problems that led to the disaster that 
should have been dealt with long before the earthquake hit. 
Fukushima Daiichi was a sitting duck waiting to be flooded.  
~ Turkish civil and environmental engineer Costas Synolakis 

The radiation leak at Daiichi was massive and went un-

contained for years. Evacuation from the area incurred 1,600 

deaths. Even now, the cancer toll from radiation exposure is 

just beginning. By 2014, at least 40% of the children in Fu-

kushima prefecture had thyroid tumors. Radiation exposure 

had killed 10,000 by 2014.  

Investigation into the accident found the disaster "fore-

seeable" and "man-made." Plant owners and government reg-

ulators bungled their way through the aftermath, making 

matters worse.  

The accident destroyed people's trust in the industry, in the 
government, and experts. ~ Japanese nuclear scientist Ikuro 
Anzai 

The Japanese government is determined to rebuild Fuku-

shima prefecture. The power company is decommissioning 

the Daiichi reactors; a process that may take 3 to 4 decades 

and cost over $15 billion.  
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The Fukushima disaster provoked a rethink regarding 

nuclear power around the world. The Germans and Swiss 

swore off nuclear power, ostensibly opting to go back to coal.  

Meanwhile, China, South Korea, and India were unfazed. 

Operation of existing facilities and plans for new reactors 

were unaffected. 

The reaction in Japan was especially stark. Prior to the 

Fukushima incident, Japan had been getting nearly 30% of 

its electricity from nuclear reactors and was headed toward 

40%. That immediately dropped to zero in the wake of Fuku-

shima, which shook the government's faith that atomic power 

was safe. 

Practical considerations prevailed a very few years later. 

In 2014 the government sought to reopen nuclear plants, 

aiming for "a realistic and balanced energy structure": pabu-

lum which masked desperation.  

 

As electric power demand varies during the day, peak 

power is met by running plants that can quickly be brought 

on-line and then shut off. Oil is suitable. Natural gas is even 

better.  

Historically, gas was more expensive than petrol. But 

that changed at the end of the 20th century as fracking took 

off.  

In 2009 in the US, natural gas provided 23.4% of electric 

power generation, while petroleum was only 1%. Hydroelec-

tric power generation, by damming rivers, contributed 7%. 

Electric power transmission is the bulk transfer of elec-

trical energy from a generating power station to electrical 

substations located near demand centers. Electricity is then 

distributed locally to customers via distribution lines. 

Transmitting electricity at high voltage over long dis-

tances is not especially efficient: 6–10% is lost to resistance, 

turning electricity back into heat.  

As power lines may be loaded from various plants, trans-

mission lines form an interconnected grid. The transmission 

grid system embodies a self-organized criticality. Excess load 
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may be overcome by shifting electrical flow, but a large, sud-

den loss in supply or surge in demand can bring down an en-

tire system, causing a blackout (power outage).  

Failure protection is built into grid systems to prevent, or 

at least localize, blackouts. But the physical components be-

hind electricity grids are surprisingly fragile, and hard to 

come by. 

The US runs on roughly 2,500 large transformers, most 

of unique design. Only 500 or so can be built per year glob-

ally. It typically takes a year or more to receive an ordered 

transformer. Some transformers exceed 400 tonnes. The av-

erage American transformer is 40 years old. 

Downing the transformers at just 9 critical substations 

could shutter America's electricity grid down for months. The 

easiest way to do so would be shooting them with a high-cal-

iber rifle. Which 9 substations are crucial is secret. 

A surge of energy from the Sun took down Quebec's elec-

tricity grid for 9 hours on 13 March 1989. Had such a solar 

storm hit America, it may have destroyed a quarter of the 

high-voltage transformers, knocking out power for quite 

some time. 

An electromagnetic pulse, which can be prodigiously pro-

duced by a nuclear bomb designed to maximize gamma radi-

ation, could knock out electric power for years. 

More mundanely, a country's electricity grid can be 

knocked out by cyber-attack. Hackers cut power in the 

Ukraine for a few hours in December 2015. The same could 

be achieved elsewhere with determined effort, though power 

outage would likely be measured in hours, not days. 

Despite the risks and consequences, startlingly little has 

been done to protect the electricity grids in most countries, 

including the United States. The electric power industry ex-

pects the government to take the lead in protecting its assets. 

It took a decade for the North American Electric Reliability 

Corporation to draw up a vegetation-management plan after 

an Ohio power line sagged into tree branches and cut power 

to 50 million northeasterners at a cost of roughly $6 billion.  
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National security in many countries amounts to bullying 

foreigners, harassing dissidents, and maintaining a war ma-

chine, not looking after economic well-being beyond subsidiz-

ing favored corporations and industries. 

 Petroleum  

Petroleum is another energy source that came into prom-

inence in the back half of the 19th century, though the sub-

stance was known since ancient times. Asphalt was used in 

constructing the walls and towers of Babylon in the 18th cen-

tury BCE. By 347 there were bamboo-drilled oil wells in 

China. 

Scottish chemist James Young distilled 

kerosene from petroleum in 1847. Kerosene 

was to prove a cheaper alternative to whale 

oil, to cetacean relief. 

Polish pharmacist and petroleum indus-

try pioneer Ignacy Łukasiewicz invented the 

modern kerosene lamp and street lamp in 

1853, then proceeded to construct the first 

modern oil well (1854) and oil refinery 

(1856). 

One of the first engine-drilled oil wells belong to Ameri-

can oil driller Edwin Drake, who sank a gusher in 1859 near 

Titusville, Pennsylvania. 

Like electricity, the first employment of petroleum distil-

lates was for illuminants. While the lighter fractions first 

went to lighting, thicker fractions served as machine lubri-

cants, while the heavy, residual fractions, once waste, be-

came heating oils. The lightest, most volatile fractions – 

naphtha and gasoline – were regarded for decades as danger-

ous nuisances. 

Fossil fuels went everywhere pipelines, planes, ships, 

trains, trucks, and automobiles would take them, and from 

everywhere they were exploited, with little regard to the con-

tinuing viability of the environment to support life. 
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Everywhere that oil is extracted, transported, or pro-

cessed, it spills. Everywhere.* Sooner or later, there are sig-

nificant spills at every major find where oil is extracted. The 

economics of oil is the practice of accident. 

Affected ecosystems do not fully recover for centuries. 

Water polluted by petroleum simply cannot be made potable 

for any plant or animal life. 

There are no fish in the lakes. ~ Peruvian Galo Vásquez after 
an oil spill in the remote Amazon 

Ships carrying petroleum regularly have spills, most of 

which are ignored. Only those where the vessel does not get 

away are polluters even identified. 

Most major offshore oil spills involve tankers being hit or 

running aground. Time and again, carelessness is the cause. 

Exploding oil rigs are more spectacular but less frequent. 

America has had such 2 historic events, though there have 

been hundreds of others. 

On 28 January 1969, an oil rig exploded off the coast of 

Santa Barbara, California, spilling ~14,000 tonnes of oil into 

the channel and onto the beaches. The marine and coastal 

ecosystems were devastated.  

At the time, the US government had no regulations on 

offshore drilling. It took 9 years for the federal government 

to take any interest, to scant effect. The government does not 

enforce safety or environmental quality regulations on off-

shore drilling sites. 

On 20 April 2010, an oil rig in the Gulf of Mexico – the 

Deepwater Horizon – exploded and then sank. The rig was 

66 km off the coast of Louisiana. The massive leak, the larg-

est in history, was never stopped and continues as you read 

this.  

The environmental destruction from the spill has been es-

timated to be over $17 billion. This ridiculous price tag – 

based on projected loss of revenues from other exploitation of 

 
* There were 5,712 significant leaks or ruptures in US oil and gas 

pipelines 1998–2017. Offshore oil drilling in US waters resulted 

in 2,441 spills 1964–2015. 
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Nature no longer possible – does not account for ongoing 

damage nor that ecosystems will never recover. 

British Petroleum, owner of the rig, paid a tax-deductible 

fine equivalent to ~10% of its annual revenues, and helped 

with the cleanup. No effective regulations were put into place 

to prevent a recurrence. 

Another long-standing leak of gross proportion in the Gulf 

of Mexico is from an oil-production platform 19 km off the 

coast of Louisiana that sank during Hurricane Ivan in 2004. 

Nothing has been done to cap the many leaking wells which 

spew 300–700 barrels of oil per day into Gulf waters. 

Almost all oil pipelines leak at some time. Even pipelines 

that do not visibly leak exude toxins which kills fish and 

other aquatic creatures. Universally and unequivocally, pe-

troleum is a death sentence for life. 

 Renewable Energy  

American geologist King Hubbert presciently predicted at 

the 1956 meeting of the American Petroleum Institute that 

US oil production would peak by 1970. Coupled with the oil 

shocks that the Western world received from the Arabs in the 

1970s, the idea of alternative energy sources became attrac-

tive.  

Nuclear was the fuel of the future at first, but environ-

mentalists envisioned energy from "renewable" sources, such 

oil spill 
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as the Sun, wind, and water. The 1979 Three Mile Island ac-

cident soured a generation of Americans on nuclear power. 

The appeal of renewable energy is its supposed endless-

ness: taking what Nature inexhaustibly provides. The reality 

is quite different. The resources required, and pollution put 

out, in producing presumed "clean" energy belies the attrib-

ution. All human energy production is environmentally de-

structive. 

So-called "sustainable development" is meaningless drivel. 
~ James Lovelock 

 Biofuel  

Biofuels are associated with lower greenhouse gas emissions 
but have greater aggregate environmental costs than gasoline. 
~ ecologists Jörn Scharlemann & Bill Laurance 

Biomass was man's main energy source for the many mil-

lennia before industrialization. Even after, ethanol found fa-

vor for powering vehicles. 

American industrialist Henry Ford was an enthusiastic 

ethanol proponent. His Model T could run on it or gasoline. 

Ethanol is ethyl alcohol (C2H5OH) used as engine fuel. 

Grain alcohol for guzzling and other medicinal applications 

is made by fermentation. Industrial ethanol is had via hydra-

tion of ethylene. Both come from sugary crops such as beets, 

sugarcane, and corn. 

 Increased fuel demand during the 1st World War boosted 

US ethanol production, but the introduction of leaded gaso-

line and the increasingly inexpensive refining of crude oil 

took the crops out of the gas tank. 

The 1970s oil shocks brought Brazil back to ethanol, but 

it was not until the 21st century that the US got back into 

biofuel in a big way, thanks solely to government mandates 

and subsidies. 

Growing crops for vehicular rather than dietary consump-

tion has played a significant role in food price inflation. Fur-

ther, the environmental dilemma associated with cultivation 

is compounded by trying to grow both food and fuel. 

The energy content of ethanol is only 65% that of gasoline. 

Low power density and the acreage required to grow fuel 
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stock alone makes ethanol an ill-advised energy source. But 

biofuel gets worse when considering its environmental im-

pact beyond growing the biomass to derive it. Ethanol pro-

cessing produces airborne heavy metals, copious amounts of 

wastewater, and other pollutants. 

Rivers and waterways in Brazil have been biologically 

dead since the 1980s owing to biofuel effluents. Ethanol is 

~1/3rd of Brazil's automotive fuel. 

Whereas America feeds its biofuel frenzy with corn, Bra-

zil grows sugarcane to make its ethanol. For its energy inputs 

sugarcane delivers a whopping 8 times output than does 

corn. But sugarcane doesn't grow well in the US Midwest. So 

American farmers are subsidized to grow an insensible fuel. 

 Hydroelectricity  

Only 1/3rd of the world's great rivers remain free flowing. 

The rest are dammed. 

Hydro power involves damming mighty rivers so that 

their majestic flows turn turbines to transform rotary motion 

into electricity. Every dam is an ecological disaster that de-

stroys the ecosystem where it is located. The larger the dam, 

the greater the damage. The horrendous Hoover Dam, near 

Boulder, Colorado, has caused earthquakes. 

The damn cost of dam construction and maintenance 

makes hydro power uneconomic on top of being environmen-

tally outrageous. There were 3,185 hydroelectric dams in the 

world as of 2016, built at a total cost of ~$2.4 trillion. 

The ecological impoverishment of rivers is particularly dra-
matic when a series of dams prevents interlinking different hab-
itat types. ~ German biologist Juergen Geist 

 Wind Power  

Reaping the wind has come quite a 

way from the windmills of yore that 

provided the power to grind grain. 

Wind power now consists of spindly 

propeller-driven turbines that gener-

ate electricity from gusts.  
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Environmental-impact studies of wind farms prior to 

their planting consistently underestimate the damage they 

do. Birds and bats succumb to the deadly rotors, including 

endangered species. Bats are fascinated with wind turbines, 

to their great peril. Though some birds are savvy enough to 

realize the threat whirling wind turbines pose, the construc-

tion of wind farms causes avian populations to plummet be-

cause of their habitat disruption. 

The noise from wind farms is fierce. A planned facility on 

the coast of Germany was delayed due to the threat posed to 

porpoises by the din of wind turbines.  

A porpoise is doomed if its hearing is shattered. ~ German 
marine biologist Kim Detloff 

Though the prospects of wind power are promising, the 

electricity to be had is limited. Wind farms must be situated 

in remote spots where winds are strong and consistent.  

Further, wind turbines extract kinetic energy and pro-

duce a plume of low-velocity air downstream; hence wind 

farms must be spread out to be economic. This exacerbates 

the habitat degradation of onshore wind power. 

In every country where wind energy has a presence, it is 

only thanks to government subsidies.  

Wind energy doesn't make sense without the tax credit.  
~ American business magnate Warren Buffett 

The US has subsidized this blustery energy sector for over 

a quarter century. The outlay of taxpayer money in 2014 

alone was $12 billion. That year, wind energy supplied a pal-

try 1.6% of American electricity. Government-sponsored 

wind power met 5.6% of British electricity consumption in 

2014.  

 Solar Power  

As any plant would happily tell you if it could talk, the 

Sun is the ultimate renewable energy source. The plant may 

then rightly remind you that its kind is the only truly green 

energy technology there is. 

The feeble attempts by men to turn solar rays into elec-

tricity take 2 forms: solar concentrators and photovoltaic 
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panels. Solar concentrators are thermal conversion systems 

which focus the Sun's rays to heat a fluid that produces 

steam, thereby driving a turbine. Photovoltaic cells more di-

rectly convert solar energy to electricity, requiring only an 

electrical inverter to achieve their aim. 

 Solar Concentrators  

There are 3 main solar concentrating thermal conversion 

systems: parabolic troughs, parabolic dishes, and central re-

ceivers. 

Parabolic troughs are the simplest of the solar thermal 

systems. A curved trough covered with reflectors rotates to 

track the sun. The mirrors focus sunlight onto a fluid-filled 

pipe at the center of the trough. The heat transfer fluid, typ-

ically a thermal oil, may reach 400 °C. The hot oil is then 

used to make steam for a standard turbine generator that 

produces electric power. Trough systems can concentrate so-

lar radiation to 100 times the intensity of normal sunlight. 

In 1866, French inventor Auguste Mouchout used a par-

abolic trough to power a steam engine. American inventor 

and engineer Frank Shuman built the first parabolic trough 

system in 1897. He patented the entire system in 1912.  

Cheap oil subsequently supplanted all interest in solar 

energy until the 1970s, when Shuman's basic design found 

favor, albeit updated with better materials. 

Parabolic dishes are like troughs, except they focus light 

to a point instead of a line. Such systems can concentrate up 

to 10,000 times the intensity of sunlight. 

Central receiver systems use an array of computer-con-

trolled sun-tracking mirrors (heliostats). The heliostats focus 

sunlight onto a single central tower, termed a receiver. The 

receiver is filled with a 

mixture of molten thermal 

salts. Hot molten salt is 

pumped through heat ex-

changers which produce 

steam to turn a turbine 

that generates electricity. 
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Commercial deployment of concentrating solar power 

plants commenced in the US in 1984, lasting only to 1990. 

Then, from 1991 to 2005, no plants were built anywhere in 

the world. 

Since then, plants have built in Spain, US, India, and the 

Middle East. Sunny countries have a promising future of de-

cently clean energy technology with concentrating solar 

power. But concentrators have not got nearly the attention of 

their downright dirty solar cousin: photovoltaics. 

 Photovoltaics  

It takes a lot of energy to extract and process solar-grade sili-
con. ~ American chemist Seth Darling 

French physicist Edmond Becquerel discovered the pho-

tovoltaic effect in 1839. Becquerel's discovery was a mere cu-

riosity, as his selenium cells could only convert 1% of sunlight 

to electric power. 

That changed in 1954, when Bell Labs physicists devel-

oped silicon-based solar cells that worked at 6%. Suddenly, 

photovoltaics fell within the realm of semiconductor technol-

ogy development. 

Solar cell electrical output is directly related to photonic 

input. Engineers sometimes incorporate mirrors to up the in-

cident sunlight striking the cells. 

Solar cells are put together into panels for deployment. 

An electrical inverter is employed to convert photovoltaic out-

put into usable electricity. 

In stark contrast to concentrators, the most atrocious 

fraud of clean energy is photovoltaics, the fawned-upon star 

of the solar show. Producing solar panels is an egregious ex-

ercise in pollution, and the environmental destruction does 

not come cheap. The silicon material used in solar cells is the 

same as for semiconductors, but far more is required for pho-

tovoltaics. 

Producing silicon wafers is energy intensive and produces 

mostly waste. 80% of the initial high-grade silicon is lost in 

the process.  

Sawing silicon wafers releases dangerous dust as well as 

dispensing sodium hydroxide and potassium hydroxide. 50% 
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of the material is lost in the air and water used to rinse wa-

fers. All told, 90% of the silicon used to make solar cells is 

wasted. 

Silicon solar cell processing involves the use or release of 

numerous toxins, including arsenic, arsine, hexavalent chro-

mium, lead, phosphine, phosphorous oxychloride, silicon tet-

rachloride, silicon trioxide, sodium hydroxide (lye), stannic 

chloride, trichloroethane, and trichloroethylene. Further, 

caustic and corrosive chemicals, including various acids, are 

used to remove impurities and clean materials. Perhaps the 

most dangerous chemical employed is silane, a highly explo-

sive gas involved in accidents on a routine basis. The latest 

thin-film solar panels also employ numerous toxins, most no-

tably cadmium, a potent carcinogen, and selenium.  

Beyond the photovoltaic material, making solar panels 

produces pollutants such as lead, nitrogen oxide, and sulfur 

dioxide. 

The manufacture of solar cells involves hexafluoroethane 

(C2F6), nitrogen trifluoride (NF3), and sulfur hexafluoride 

(SF6). These greenhouse gases make CO2 seem harmless.  

C2F6, which is entirely man-made, is 12,000 times more 

potent than CO2 and survives in the atmosphere for 10,000 

years. NF3 is 17,000 more virulent than CO2, while SF6, the 

most treacherous greenhouse gas, has 25,000 times the 

warming effect of CO2.  

The photovoltaics industry is the leading emitter of these 

gases. Since photovoltaic production has ramped up in the 

21st century, atmospheric concentrations of these gases have 

been rising at an alarming pace, except that no one seems 

alarmed. 

Solar panel proponents tout photovoltaic efficiencies 

(~20%) that can only be achieved under ideal laboratory con-

ditions. Those are the only numbers you will ever read. In the 

field, solar panels produce less than half that percentage on 

their best days. 

The first common cut in efficiency comes with placement: 

panels not aligned with Sun greatly reduces performance. 

This is ubiquitous in rooftop placements. 
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Atmospheric humidity and haze disperse the Sun's rays, 

and so cut photovoltaic productivity. Dust downs efficiencies 

even more; often by 20% or more. 

Even modest blotches, such as from bird droppings or 

leaves, can cut solar cell outputs dramatically. Due to wiring 

characteristics, small obstructions disproportionately drop 

solar panel productivity. Small soiling losses can rob as much 

80% from potential output. 

Everyone in the solar industry knows that photovoltaic 

systems are expensive. That is why this solar technology had 

scant application before governments stepped in and granted 

heavy subsidies, misguided into considering this a clean en-

ergy technology. 

Silicon represents only 20% of the cost of solar panel fab-

rication. Copper, aluminum, glass, and plastics comprise the 

bulk of the costs. None of the components are obtained with-

out considerable pollution somehow. 

Manufacture and installation are only the beginning of 

the expense for photovoltaics. Repair and maintenance costs 

of solar panel systems remain stubbornly high. 

At the end of a solar panel's life (25 years at best), the 

embedded chemicals can either leach into groundwater, if 

dumped, or released into the air if incinerated. As there is 

almost no recycling of solar panels, the rare and precious 

metals that go into them are wasted. 

Companies are surviving on razor-thin margins. They're not 
thinking 20, 30 years down the road, where scarcity might en-
ter. ~ American environmental scientist Dustin Mulvaney 

 Society  

By the middle of the 19th century, the transition to capitalism 
was complete. What was left of feudalism was a mere vestige.  

But rather than the promised equilibrium, 19th-century capi-
talism was racked by cycles and enormous disparities of wealth. 
A major depression occurred roughly every 20 years. Workers' 
conditions would improve and then rapidly deteriorate, prices 
rise and then fall, banks expand and then collapse.  

New 'robber barons' replaced the barons of old. It appeared 
that, while promising a meritocratic equilibrium, capitalism had 
instead delivered unbalanced chaos. ~ Steve Keen 
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In the Western world, the social order from the industrial 

age was an evolution from the hierarchy that had character-

ized feudal society. In earlier times, the rulers and owners of 

land were one and the same. Land to those who served nobil-

ity was a matter of grant, subject to revocation. 

As the divine right of kings diminished, property became 

the basis for preindustrial aristocracy, as well as providing 

income from agriculture. Peasants and a relative few arti-

sans comprised the great mass of society, with clergy and bu-

reaucrats in between. 

Pre-industrialization, the market system and correspond-

ing polity created an upper middle class (haute bourgeoisie) 

of wealthy merchants, professionals, and the top crust of gov-

ernment officials. Although these people may have owned 

property, their skills and contacts with the landed aristoc-

racy lifted them from the lower strata.  

Below that was a lower middle class (petite bourgeoisie) of 

handicraftsmen and artisans, retail tradesmen and others in 

service occupations, and independent holders of small prop-

erties. At the bottom rung were peasants, agricultural labor-

ers, domestic cottage industry workers, and many indigent 

and paupers. 

With industrialization came new social classes. Wealth 

and occupation increasingly determined social stratum, 

though inheritance counted, especially in Britain. 

At the beginning of the 19th century peasants were the 

most populous group. Even at the end of the century, they 

still constituted a majority in Europe, though in the more in-

dustrialized areas, their numbers had dramatically dimin-

ished, having been turned into the urban workers whose lot 

was just as dismal. 

Isolated by a poor communication network, and mentally 

bound to tradition, a peasant's greatest desire was a piece of 

land to call his own. Peasants participation in social move-

ments was sporadic and limited to immediate economic inter-

ests. 
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 The Working Class  

The 19th century witnessed a multiplication of industrial 

laborers. The catchall term working class belies a diversity of 

concerns by occupation.* Factory workers and miners, though 

in similar circumstances with regard to their exploitation, 

had different concerns. Craftsman and artisans of occupa-

tions that flourished in the Middle Ages especially suffered 

as their skills were obsoleted by machinery, while other 

workers found themselves in demand because their skills 

succored industrialization. For casual laborers, transport 

workers, clerks, and others, working life carried on much as 

it had in earlier times.  

What tied all these workers together into an economic 

class is the hand-to-mouth existence that characterized their 

lives. They depended upon their wages to survive. 

There were some bitter struggles for social and political 

recognition and dominance among rival groups in the 19th 

century. A proclivity for divisiveness rather than cooperation 

among those in the lower strata often retarded the prospects 

for success of these endeavors.  

Every social advance of the middle class was countered 

by a rearguard reaction from those whose felt their power 

slipping. Albeit exceptions, employers fought the obligation 

of decency for those that labored under them. 

 Labor Unions  

What does labor want? We want more schoolhouses and less 
jails. More books and less guns. More learning and less vice. 
More leisure and less greed. More justice and less revenge. We 
want more opportunities to cultivate our better natures.  
~ American labor leader Samuel Gompers 

 
* In 1941, American socio-anthropologist Lloyd Warner and Amer-

ican sociologist Paul Lunt identified 6 American social classes: 

upper (old | new), middle (upper | middle), and lower (upper | 

lower). The upper crust was divided between old money and nou-

veau riche (self-acquired rather than inherited). The middle class 

was bifurcated by income and associated prestige. The working 

class was split by skill and steadiness in employment. 



 Economics 191 

Trade unions have a long history, dating back to journey-

man associations in later Middle Ages.  

The guilds of medieval Europe were different. The mas-

ters of guilds employed apprentices and journeymen who 

were not allowed to organize.  

Guilds were hierarchical groups that controlled the sup-

ply of both goods and labor: in effect, securing a local monop-

oly. Guilds so squeezed the labor supply that admission and 

advancement became difficult, begetting journeyman associ-

ations. 

Trade unions and/or collective bargaining was outlawed 

in England from the mid-14th century. Other countries fol-

lowed.  

Facing antagonistic employers and repressive legislation, 

unions were often weak, localized, and short-lived through 

much of the 19th century.  

The 1848 March Revolution in the German states was an 

early breakthrough for unionization: the unrest created 

broad-reaching repercussions throughout the continent. As 

well as empowering workers, the March Revolution led to the 

unification of Germany. The revolution also inspired an ex-

iled German who spent much of his time in the London li-

brary. 

 The Prophecy of Marx  

Workers of the world unite; you have nothing to lose but your 
chains. ~ Karl Marx 

Karl Marx & Friedrich Engels prophesized in the mid-

19th century that a trajectory of socioeconomic polarization 

would culminate in bifurcation of industrialized societies: a 

ruling capitalist class, who historically had absorbed and re-

placed the earlier landed aristocracy, and an industrial pro-

letariat: the working class.  

Marx and Engels concluded that workers, by sheer weight 

of numbers, might successfully revolt against their exploita-

tion and establish a more equitable society. 

Instead, class antagonism diffused, as workers swelled 

into a middle class with modest material aspirations. Suffi-
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ciently satisfied with their station, and unrealistically opti-

mistic about their individual futures, workers became in-

creasingly conservative, even as their economic status quo 

was threatened by the very force that Marx had hoped would 

impel a revolutionary spirit: capitalists. The United States 

embodies this historical arc of contented idiocy. 

 

In the United States, the Knights of Labor, founded in 

1869, had mushroomed to nearly 800,000 members by 1886, 

only to quickly become a rump of its former self 

owing to mismanagement and unsuccessful 

strikes.  

The American Federation of Labor, founded 

in 1886, led by English American cigar maker 

Samuel Gompers until his death in 1924, 

proved much more durable, thanks to his canny leadership. 

In the large, not until the 20th century, by dint of sheer 

numbers, were workers able to overcome the political clout 

invested in their suppression. Even then, the fruitless strug-

gle of workers on the lower economic rungs for decent wages 

never ended and continues to this day. 

 Education  

Exceptions notwithstanding, publicly supported educa-

tional institutions were rare in Europe before the 19th cen-

tury. The well-off hired private tutors for their offspring. 

Religious and charitable institutions provided elementary 

education for children of town folk. There were a few private 

schools. 

No one dreamed of universal literacy; to the contrary. The 

general opinion that counted opposed literacy as inapposite 

to the station of the lower classes. Technical education was 

gained exclusively through apprenticeship. Secondary and 

higher education was reserved for the sons of the privileged, 

except for aspiring clergymen.  

With the exception of Scotland and the Netherlands, the 

ancient universities of Europe had long ceased to be centers 

for the advancement of knowledge. These institutions were 
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ossified with traditional teaching heavy in the classics, 

deemed suitable for church and state bureaucrats, and acting 

as an appropriate serving of liberal education for the sons of 

the ruling class. 

Education and literacy grew in the 19th century, typically 

as a social by-product of industrialization. Sweden was an ex-

ception. A relatively poor country in 1800, its culture and pol-

ity begat a highly literate country antedating its onset into 

industrialization. This ample stock of human capital put 

Sweden in good stead once it did begin to industrialize, af-

fording a rapid economic growth in the last half of the 19th 

century. 

To a lesser degree, the peoples of other Scandinavian 

countries, the United States, Prussia/Germany, and Scotland 

were relatively well-educated prior to industrialization.  

The original 13 colonies of the United States opened pub-

lic schools in the 17th century. The first was in Boston in 

1635. Well into the 19th century, New England was the most 

conscientious about public education.  

Public secondary education in US cities became more 

common after the Civil War and was widespread by the mid-

20th century. The South lagged behind, especially for blacks 

who lived there. Racial discrimination still pervades the US 

in every way, soiling the American societal fabric. 

 Latecomers  

Those late to industrialization – notably the Mediterra-

nean countries, southeastern Europe, and imperial Russia – 

shared commonalities. The most telling was an abysmally 

low level of human capital. Adult literacy rates and primary-

school enrollment rates were subjacent to the rest of Europe. 

Another factor was the lack of agrarian reform, leaving 

agricultural productivity low and the mass populace desti-

tute. Impoverishment especially owed to autocratic, corrupt, 

and ineffective governance.  

Although some industrialized countries suffered bouts of 

authoritarian government, repression was primarily of polit-

ical opposition rather than economic. If anything, plutocratic 
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tendencies consolidated capital into fewer hands more 

quickly than capitalism's natural gyre.  

In contrast, latecomer governments retarded industriali-

zation by economic repression and confiscation. For instance, 

the Spanish government in the 1840s decreed tax payment 

in cash rather than in kind. This sparked a peasant revolt, as 

no markets existed for produce to be sold. 

 Russia  

Politically, the Russian Empire at the turn of the 20th 

century was regarded as one of the great powers. Yet it was 

economically weak, and only a few years from a humiliating 

military defeat from upstart Japan. 

While in gross measures Russia loomed large, behind 

only the United States, Germany, Britain, and France, its 

per-capita productivity was wretched.  

Russia was still a predominantly agrarian nation. Half of 

its national product was agricultural, and 2/3rds of its labor 

force toiled in the fields. Primitive technology and lack of cap-

ital meant abysmal productivity. The institutional shackles 

of serfdom still weighed heavily, having only been legal re-

moved in 1861. 

Russian industrialization in earnest started with railroad 

construction. In the 1880s, French entrepreneurs persuaded 

the tsarist government to build a railway line between the 

coal fields in the southeastern Ukraine region and rich iron 

ore deposits 500 km to the west, near Kryvyi Rih in central 

Ukraine. Blast furnaces at both locations turned Russia into 

a prodigious producer of pig iron in the 1890s. 

After a brief burst of economic vitality, the 19th century 

closed with Russia in a slump. This was followed by disas-

trous defeat in the Russo-Japanese War of 1904–1905; then, 

on its heels, the 1905–1906 revolution. 

Though the revolution was suppressed, it prompted both 

political and economic reforms. The most important economic 

boon was agricultural reform, initiated by Prime Minister 

Pyotr Stolypin. His aim was to stem peasant unrest by 

creating a class of market-oriented land holders. 
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While the Russian economy underwent substantial 

change in the half century leading to the 1st World War, it 

still lagged far behind the more advanced Western nations, 

most notably Germany. This contributed to its defeat in 

WW1, setting the stage for the revolutions of 1917.  

Food shortages were created by the government introduc-

ing hyperinflation through the massive printing of rubles. 

Food production had held during the war, but the market sys-

tem had been ruined by inflation, and so distribution to the 

cities failed. 

 

Stalin's industrialization drive was a statistical success 

and otherwise an atrocity. From a low base, the Soviet Union 

managed an estimated annual per-capita growth of 5% 1928–

1938: an astonishingly rapid rate at a time in which income 

elsewhere grew 1–2% per year, owing to the capitalist Great 

Depression. 

Soviet per-capita growth came partly from having fewer 

people: political repression killed 10 million, and 10 million 

died in the 1932–1933 famine. Moreover, Soviet industriali-

zation was a planned exercise in extreme environmental de-

struction – a course which China would later follow in a more 

chaotic way. 

 Japan  

The last and most surprising of industrializers in the 19th 

century was the island nation of Japan. Historically in the 

Chinese sphere of influence, the land of the rising Sun ended 

up adopting the worst of Western folkways and paying the 

price for it. 

Japan was run by regional warlords until the decisive 

Battle of Sekigahara in 1600, whereupon Tokugawa Ieyasu 

took power as shogun. The Tokugawa period lasted 15 gener-

ations: over 2 and a half centuries of societal stability. 

Japan during the Tokugawa period epitomized feudal so-

ciety. It was a holdover from the earlier Azuchi–Momoyama 

period, when Toyotomi Hideyoshi was the preeminent dai-

myō (warlord).  
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Hideyoshi had imposed a strong caste-based society, in-

cluding the stricture that only the samurai (warrior) class 

could bear arms. During his rule Hideyoshi lavished money 

on the tea ceremony and other cultural refinements. This 

patronage of the arts continued in the Tokugawa regime. 

While the samurai were the highest-status caste, the 

lower orders comprised peasants, merchants, and artisans. 

80% of the population were peasants. As producers, peasants 

had a higher social status than merchants and artisans, but 

were much poorer, as they bore the brunt of heavy taxation. 

The lowest rung of the social ladder was occupied by enter-

tainers, prostitutes (intimate entertainers), servants, day la-

borers, beggars, thieves, and hereditary outcasts. These 

people were tightly controlled by local officials and not al-

lowed to mingle with those of higher standing. 

In the early 17th century the shogunate suspected foreign 

missionaries and traders as front men for military conquest 

by European powers. Foreign possession of firearms was 

frightening, but more so the spiritual disease these aliens 

were infected with: Christianity, which had spread among 

the populace, especially peasants.  

The loyalty of Christian converts was doubted by the Jap-

anese political elite. Persecution ensued, which led to the 

Shimabara Rebellion in southwestern Japan in 1637. 30,000 

rebels faced a samurai army of more than 100,000. The revolt 

was crushed at a heavy toll in lives. 

After eradicating the rebellion, foreign access and trade 

was tightly restricted. Only Dutch and Chinese merchants 

were allowed at a trading post on the man-made island of 

Dejima in Nagasaki Bay. Whereas the Tokugawa rulers had 

used firearms to establish political unity and stability, guns 

were outlawed, to prevent their spread. 

While exclusion was policy, Japan was not so isolated. 

The Dutch brought Western innovations, such as clocks, tel-

escopes, microscopes – and scientific knowledge. That the 

Dutch were Japan's sole Western trading partner was fortu-

itous, as the Dutch were at the time the most economically 

and scientifically advanced. 

Samurai comprised some 6% of the population. Paid a sti-

pend for services no longer needed (as there were no external 
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enemies, and samurai were not policemen), samurai were es-

sentially unemployed. The ruling daimyō (samurai civic lead-

ers) grew increasingly wary of the large numbers of their idle 

brethren, so samurai were corralled into castle towns where 

they could be easily watched and controlled. 

The wealth and status of the average samurai slowly de-

teriorated as the Tokugawa era wore on. It was not unusual 

for a down-on-his-luck samurai to sell his treasured swords 

and title to a commoner. Even worse was for a samurai to 

lower himself to engaging in commerce. 

Meanwhile, the condition of peasants was desperate. Dai-

myō often viewed them as livestock: forbidding peasants to 

move or sell their possessions and extracting as much as half 

of their meager crop yields. The lives of these Japanese serfs 

were even more wretched than their European counterparts. 

The primary paradox of Tokugawa rule – by samurai – 

was that its chief victims were samurai. Samurai were the 

easiest target for revenue-starved daimyō, who gradually 

ratcheted down samurai stipends, which amounted to half of 

government expenditure. When the clock ran out on the sho-

gunate, disaffected samurai were on the front line of the rev-

olutionary vanguard. 

Simultaneous with the Spanish economic self-immolation 

half a world away, the Tokugawa regime methodically throt-

tled the dynamics that might have provided economic secu-

rity. Rigid social structure, heavy tax extraction on peasants, 

artisans, and merchants, and lack of property rights meant 

no development of capital markets, and hence no engine for 

economic growth. That the daimyō themselves had no inter-

est beyond self-preservation in the status quo spelled stagna-

tion.* 

Shogunate fear of foreign invasion came to frightening 

fruition in 1853, when US naval Commodore Matthew Perry 

sailed into Yokosuka harbor in Tokyo Bay in his black ships. 

Perry responded to Japanese demands to go to Nagasaki by 

bombing some buildings in Uraga, the nearby town. Perry's 

own demand was that Japan open itself to trade; this from 

 
* 1600–1820, Japan's per capita growth was an estimated 0.14% per 

year: sluggish, but impressive for an isolated feudal state. 
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President Millard Fillmore, one of America's sorrier sover-

eigns (of which there have been several). 

The Japanese had already been alarmed by the outcome 

of the 1839–1842 Opium War in China, then shocked by Per-

ry's arrogance. This was followed by British naval bombard-

ment of Kagoshima in 1863, along with a multinational 

incursion at the Shimonoseki Strait 1863–1864. In response 

to forcible demands by militarily superior foreigners, the To-

kugawa shogunate had opened the country to foreign trade, 

along with other reforms: measures bitterly resented by 

many daimyos and met with bellicose opposition which pro-

voked belligerent foreign response. 

When a country first opens itself to trade, it experiences 

"price convergence": a euphemism for economic shock from 

tectonic price movements in commodities, labor, land, and 

capital. Since the prices of Japan's export products – rice, tea, 

and silk – were far below world levels, price adjustment made 

traders and landowners rich, while creating scarcity for do-

mestic consumers. Simultaneously, cheap foreign cotton and 

industrial equipment caused prices in Japan to drop precipi-

tously, distressing Japan's domestic producers. Peasant and 

samurai alike blamed the shogun. 

Despite economic difficulties, what Japan did have was a 

well-educated people. Literacy was highly prized throughout 

Japanese society. By the 1780s, 3,000 books a year were be-

ing published in Japan, comparable to western European 

countries. Russia at the time published 400. 

In the 1850s, geographic books and translations of West-

ern scientific literature were trendy, reaching a wide audi-

ence. By 1860, 40% of rural men and 10% of country women 

could read and write. Literacy was much higher in towns and 

cities. In Edo (Tōkyō) it was 80%. 

In 1868, a group of capable southern samurai overthrew 

the shogunate, ushering in the Meiji Restoration. One thing 

was clear: the clock could not be turned back. The new regime 

accelerated what the Tokugawa had already started.  

Japan immediately embarked upon rapid modernization. 

In came a new constitution, with legal and educational sys-

tems modeled upon Germany. The Japanese picked its insti-

tutional role models from Western civilization. Western 
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culture became fashionable. The military was modernized; 

Japan again followed the German/Prussian model. 

The 1st World War proved a boon to the Japanese econ-

omy, as it was able to expand into foreign markets. Entering 

the war on the Allied side meant that Japan took over Ger-

man colonies in the Pacific and concessions in China. Exports 

went from 6% of total output in the 1880s and 15% in the 1st 

decade of the 20th century to 22% by 1915. Deprived of the 

ability to erect tariff barriers, the rigors of international com-

petition toughened Japanese companies. 

Japan presented a most astonishing story of industriali-

zation. Growth was relatively stable. The Japanese economy 

suffered less during the Great Depression than most other 

nations. 

Japan's adoption of Western ways included outsized ag-

gression. In 1894–1895 it quickly defeated China in a short 

war, joining the ranks of imperialist nations by annexing ter-

ritory. 

Japan gave Russia a bloody nose 10 years later but gained 

scant territory or recompense in the treaty that followed, ow-

ing to pressure from the US. Riots in major Japanese cities 

erupted, demonstrating that the seed of discontent against 

American power had been planted. 

Japanese capitalism followed the same exploitative arc 

that it did in Western countries. In the mid-1930s, Japanese 

wages were 10% of those of Americans, while Japan's price 

level was 43% that of the US.  

The purchasing power of the average Japanese was 32% 

that of an American in 1935. High energy and housing costs 

especially crimped consumers' pocketbooks. 

Depressed wages and low consumption owed to weak un-

ions, corporate collusion (zaibatsu), and militarism. The Jap-

anese government was on a war footing, intent on empire 

building. The government was completely content with a cor-

poratism which served under its thumb. 

As the 1930s wore on, Japan was increasingly perceived 

as a threat by Westerners, especially in America. Foreign 

trade suffered. By the end of the decade, a US trade embargo 

was cutting off Japan's raw material supply. Japan went to 
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war because US economic aggression had given it no other 

option. 

Japan's militarization ultimately led to ruin. World War 

2 economically turned back the clock; but not for long. 

40% of the country's infrastructure and industries were 

destroyed in the War. Devastated, the Japanese devoted 

themselves to restoring their nation. The US occupation 

(1945–1952) facilitated rebuilding. 

The Japanese suffered none of the guilt that wracked the 

German conscience over its Holocaust. Instead, the pacifist 

constitution imposed upon them was taken to heart by the 

majority of the populace. 

Japan had, as ever, a relatively pitiable base of natural 

resources beyond its own people. That was enough. The Jap-

anese were well-educated and disciplined. Despite military 

defeat, its unity as a nation was unshaken. 

While physical assets had been devastated in the War, 

Japanese retained the social infrastructure for production, 

distribution, and finance. Released from the demands of a 

militarist regime, the economy quickly rebounded. By the 

mid-1950s production matched pre-war levels. 

In 1955, 40% of the labor force made their living in agri-

culture. This declined to 17% by 1970 and dropped to 7.2% by 

1990. 

As the country began to prosper in the 1960s, Japanese 

workers were disciplined in their wage demands. Labor un-

ion cooperation kept salaries in line with productivity gains. 

The Japanese continued to be a thrifty people, saving as 

much as they could. This provided the capital base for growth 

in the first 2 decades following the War. 

Prior to the War, concentrated wealth – zaibatsu – domi-

nated industry. After the War, in place of zaibatsu rose 

keiretsu: concentrated wealth that dominated industry. For 

instance, Mitsubishi, the maker of the formidable Zero 

fighter airplane and other military hardware, transformed it-

self into Mitsubishi, the maker of non-military industrial 

products. The other keiretsu had similar roots. 

Keiretsu were a vertical integration of suppliers, manu-

facturers, and distributors, backed by a large bank. Oligop-

oly, the natural maturity of capitalist endeavor, was in full 
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flower in post-war Japan, allowing rapid economic advance, 

just as it had afforded efficient militarization before the War. 

In the minds of industrialists, only the venue for domination 

had changed. 

In the 1960s, cheap Japanese imports into the US de-

lighted consumers with their cost but were derided for their 

quality; a deficiency soon remedied. 40 years later, the Chi-

nese would repeat this performance, though with much less 

panache. 

Rapid growth in Japan and China were accompanied by 

massive pollution. Careless fouling of the environment was 

consistent with every country that has industrialized. Only 

when catastrophe strikes can a nation be turned to some de-

gree of appreciation that filth can only go so far. Even then, 

the response is always muted, as there is always opposition 

to environmental sustainability. No government beholden to 

capitalism is going to take its industrial conglomerates to 

task. For Japan, Minamata is symbolic. 

 Minamata  

Chisso Corporation opened its chemical factory in Mina-

mata in 1908. It initially made fertilizer before expanding 

into an array of industrial chemicals. 

Chisso dumped its waste products into the neighboring 

Minamata Bay. Fish kills resulted in compensation agree-

ments with local fishery cooperatives in 1926 and 1943. 

Other than capital outlays, nothing changed. 

In 1932, Chisso started producing acetaldehyde: a carcin-

ogen with numerous industrial uses as a solvent and reduc-

ing agent. Acetaldehyde is made using mercury sulfate as a 

catalyst. 

Chisso produced 190 tonnes of acetaldehyde in 1932. By 

1951, 5,400 tonnes of acetaldehyde were churned out by 

Chisso. In 1960, Chisso produced over 41,000 tonnes of acet-

aldehyde. All the while, the company dumped its waste into 

the bay. 
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In 1956, after finding numerous people, including chil-

dren, stricken by severe neurological damage, local health of-

ficials declared an "epidemic of an unknown disease of the 

central nervous system."  

Wastewater from the Chisso plant was immediately sus-

pected. But it was not until 1959 that mercury levels in the 

bay were investigated, to the shock of researchers. 

This should have come as no surprise. Fishing catches 

from Minamata Bay had declined by 91% between 1953 and 

1957.  

The prefectural government responded with a partial ban 

on the sale of fish from the polluted bay. They declined to 

declare an all-out ban, as the government would have been 

obliged to compensate fishermen if they had done so. Only 

after breaking into the Chisso factory and rioting, with at-

tendant press coverage, were fishermen able to obtain com-

pensation from the central government. 

Those with Minamata disease had less political clout. In 

1959, they managed to eke out from Chisso ¥100,000 (US 

$278) per year for adult victims and ¥30,000 ($83) for chil-

dren. Families of the certified dead were granted a one-time 

payment of ¥320,000 ($889). 

Ordered by the government to install wastewater treat-

ment, Chisso deceived all involved that it had done so. The 

crisis was declared at an end.  

Chisso did not stop dumping substantial quantities of 

mercury into the bay until 1969. In the interim, the govern-

ment ignored continued reports. 

Other Japanese companies followed in Chisso's footsteps, 

though none gained as much infamy.  

 

Japan's economic growth in the 1960s and into the 1970s 

was industrial: steel, ships, vehicles, chemicals, and electron-

ics. By the late 1970s services had become a more prominent 

part of the economy.  

In the 1980s telecommunications and computers surged 

in commercial importance. Tokyo became a major financial 

center. Industrial growth begat some the world's major 

banks. 
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By the 1970s, by dint of relentlessness in their incremen-

tal quality improvements, Japan was increasingly considered 

an economic threat by US industry and its government ally. 

By the 1980s, Japan became synonymous with quality in the 

eyes of American consumers. 

Economically, on the world stage, the 1980s was Japan's 

heyday. Its export engine was helped by a strong US dollar. 

The Reagan administration pulled the US out of the 1981 

recession with deficit spending. This led to a strong rise in 

domestic demand. Still stuck in the doldrums, the export en-

gines of Germany and Japan revved up in response.  

Then, worried about the strong dollar, Reagan muscled 

through an international agreement (the 1985 Plaza Accord) 

to depreciate the US dollar in relation to the Japanese yen 

and German mark through concerted intervention in cur-

rency markets. 

A cheaper dollar improved the international competitive-

ness of American manufacturing, and accelerated US export 

growth. The Germans and Japanese suffered. 

The Japanese perceived this as a serious crisis, so the gov-

ernment and central bank met it with the stratagem of cheap 

money. Interest rates were drastically reduced. Construction 

companies and brokerage firms were given generously cheap 

loans. 

The scheme was to fuel speculation (particularly in real 

estate) and ramp the economy, with the hope that export cor-

porations would invest more, and so augment their competi-

tiveness. It worked. Growth got into gear. The trade surplus 

bloomed anew. 

But a tremendous asset bubble was being blown. By the 

summer of 1987, the Japanese Emperor's palace grounds in 

Tokyo was hypothetically priced higher than all the real es-

tate in California. 

Having succeeded in its excess, the government aimed at 

gradually deflating the bubble blown. Between May 1989 and 

August 1990, the prime lending rate went from 2.5% to 6% in 

a series of increments. 

Deflation duly began in 1990, but the economic effects 

weren't as gradual as the government had hoped. The bubble 

burst in a big way in 1992, and the economy refused to revive 
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over the next quarter century (to present day), despite re-

peated monetary ministrations. 

Falling asset prices and a sputtering export economy led 

to bankrupt companies, insolvent banks, and deflation. Ja-

pan lost its vaunted technological edge to South Korea, while 

China and southeast Asia gobbled the low end of the export 

market. 

The end of the Japanese bubble economy and long-lasting 

stagnation is rather easily understood. Companies had made 

their investment decisions based on the assumption that the 

good times would continue to roll, albeit curbed a bit by the 

central banks. Instead, assets worth many billions of yen 

vanished when the bubble popped. The consumption frenzy 

abruptly ended. With it died many investment plans. 

Fear spread. Companies found themselves sitting on 

enormous overcapacities. People saw their retirement pen-

sions endangered. Panic saving set in. 

The value of the yen rose 1985–1990 as its economy 

boomed. This hurt exports. But with their trade surplus, the 

Japanese invested a large portion of capital abroad, which 

tempered the effect on corporate profits. 

Then came the drastic drop in the home economy. Yet, 

after a brief decline 1990–1991, the yen rose again until early 

1996. Exports kept dropping with domestic demand in the 

doldrums. 

The longevity of stagnation was abetted by the structure 

of the Japanese economy. Unlike other countries, large Jap-

anese companies, warranted by the government, wove a web 

of relationships between finance and manufacture.  

This interlocked system had been a great boon when the 

Japanese needed to get off their economic knees in the post-

war period, and to finance its subsequent export push. But 

when the economy weakened, the mutual support system 

meant that the largest industrial and financial corporations 

could hang tough much longer than they should have. This 

delayed clearing the decks so that the economic dance could 

get back into swing. 

 



 Economics 205 

Governments variously push fiscal and monetary buttons 

to sway the vigor of economies. Successes are often short-

lived, as altered dynamics take on a life of their own. 

Both deflation and inflation are devilish demons to stop 

once they get a head of steam, as market economies are 

largely driven by mass expectation. As the government does 

not control production its credibility in economic counsel is 

invariably taken with more than a grain of salt. 

Shocks to the system aimed at changing expectations are 

difficult to engineer, and they seldom go as expected. 

 The 1997 East Asian Crisis  

The rise of the yen in the early 1990s was halted via 

American intervention, in the Reverse Plaza Accord of 1995. 

With the Japanese economy on its back, the US was con-

cerned that the Japanese would stop buying the bonds that 

cheaply financed US government debt. The Reverse Plaza Ac-

cord in effect subsidized American consumers’ purchases of 

Japanese and German manufactured goods.  

Reversing the dollar-yen exchange rate was accomplished 

by lowering Japanese interest rates with respect to those in 

the US. It also involved the Japanese gorging on US Treasury 

bonds, and the buying of dollars by Germany and the US gov-

ernment itself. 

Driving up the dollar let the US maintain its stance of 

monetary ease without incurring inflation, since the artifi-

cially low price of imported goods counteracted the price-rais-

ing effect of more money sloshing around. 

But liquidity has to go somewhere. Where it went was 

into the US stock market (blowing the dot-com bubble), and 

into asset markets in east Asian countries, whose currencies 

were tied to the dollar (Hong Kong, Indonesia, Malaysia, 

Philippines, South Korea, Thailand). 

These flows had perverse effects. Though the manufac-

turing profitability of American and east Asian producers 

was undermined by the rising exchange rate, asset prices 

were still artificially pushed up, as Japanese and European 

investors earned profits from both exchange rate movements 
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and the rise of the American and east Asian stock markets in 

terms of the native currencies of those markets. 

The deterioration of competitiveness in east Asian coun-

tries could have been countered by giving up pegging their 

currencies to the dollar and letting them float. This would 

have allowed the exchange rate to fall and reflect their actual 

market price. But none did. They instead held tightly to the 

dollar peg, for what seemed good reasons. 

The stable exchange rate had been an important boon to 

in the past, particularly in attracting foreign capital. These 

countries needed a continuous inflow of foreign funds to fi-

nance their mounting current-account (trade) deficits, which 

existed in spite of the export boom. Foreign creditors and in-

vestors had to be paid, and high-priced imports were still 

coming in. 

Pegging to the dollar propped up the exchange rate, 

which gave these countries the most money that could be had 

for their national currency; something which politicians 

looked upon quite favorably. In contrast, a floating exchange 

rate seemed risky. 

The policy of maintaining a large interest-rate differen-

tial between the US and Japanese gave rise to the profitable 

"carry trade": investors borrowed yen at low rates, which they 

then invested for a higher yield in the US.  

As long as the Reverse Plaza Accord held, investors had a 

nearly guaranteed profit by borrowing yen in Japan to invest 

in US financial assets denominated in dollars. Such an ar-

rangement could not help but artificially pump up the price 

of US financial assets. 

In East Asia, governments had their central banks relax 

monetary policy so as to let their currency exchange rate dip 

within the set fluctuation range. This move promoted exports 

and reinforced the credit boom that was well underway. It 

also generated a speculative bubble that was bound to burst, 

which it quickly did. 

The perils inherent in the Reverse Plaza Accord first ap-

peared in East Asia in early 1997, as companies struggled to 

profitably export with a stronger currency. To try to stay 

afloat, many firms stopped servicing their debts. 
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Stock and real estate prices dropped. Bankruptcies and 

bad bank debts quickly followed. 

International investment funds began an exodus, drying 

up liquidity. Stock markets plummeted. Currency specula-

tion quickly set in. 

To stop capital flight, central banks raised interest rates. 

This further pinched the real economy, as credit became in-

creasingly difficult to get. Stock and real estate prices fell fur-

ther.  

This led to panicked capital flight. In 1996, the east Asian 

region had a net inflow of US $93 billion. In 1997 $12 billion 

was sucked out. 

Debtors in the region – banks and companies – had to re-

pay their obligations in foreign denominations (mostly US 

dollars). To do so, they had to acquire hard foreign currency 

via exchange in local currency, which had undergone a dras-

tic devaluation. 

From July 1997, central banks, one after another, gave 

up the battle to defend their dollar-pegged exchange rate. 

Currencies were set afloat, and immediately sank in devalu-

ation. 

The situation worsened well into 1998. The crisis was fur-

thered by the International Monetary Fund (IMF).  

The IMF created a series of bailouts for the banks which 

had lent to the afflicted countries, but in doing so it de-

manded debilitating measures from the troubled nations. 

While the bridging loans that the IMF provided went directly 

into the coffers of the international creditor banks, the high 

interest rates and drastic cuts in public expenditures insisted 

upon by the IMF choked the economies of countries suppos-

edly being saved. 

 

The crisis spread to Russia. In the summer of 1998, the 

country defaulted on its sovereign debt, much of which was 

held by US investment banks.  

International investors themselves created the crisis via 

capital flight and currency speculation against the Russian 

ruble. This pullback by financiers was in panicked reaction 

to what had happened in East Asia. 
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The Brazilian economy started to melt down shortly 

thereafter. There too the IMF made matters worse with its 

demands for instant probity, beginning with jacked-up inter-

est rates. 

During the East Asian crisis, it had seemed as if Latin 

America might actually benefit, as investment advisors had 

turned their gaze and were recommending opportunities in 

the "emerging markets" of this region. But Latin America 

was soon caught up in the maelstrom that had begun half a 

world away. 

One facet lay in the real economy. As demand dramati-

cally fell for raw materials in the wake of the Asian tigers 

falling ill, the Latin American countries that exported min-

erals and petroleum were hard hit. 

Another facet was financial. Investors got the jitters 

about "emerging markets" altogether. 

Capital flight started. Stock markets tumbled, as did ex-

change rates. Terms of trade deteriorated. 

To attract capital, Latin American countries had to ramp 

interest rates, which in turn harmed those firms that made 

goods (as opposed to those who fiddled funds). 

So, what started as a way for the US to keep cheaply fi-

nancing its sovereign debt turned into a speculative bubble 

that blew ill for developing countries all over the world. 

 

Japan was of course harmed by the crisis in East Asia, as 

its exports fell and its banks accumulated more bad debts. 

Meanwhile, the Japanese government, itself deep in debt, 

tried a touch of fiscal rectitude which further weakened the 

economy. Raising taxes lowered domestic demand. Most 

damningly, deflation set in; the monetary nemesis which had 

prolonged the Great Depression.  

Companies reduced wages, which set consumption fall-

ing, aggravating the stagnation. It was altogether a vicious 

circle which Japan has yet to step out of. 
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 Africa  

The continent that spawned hominids has been the last 

to develop economically, and the process has been as ugly as 

possible. 

Sub-Saharan Africa first developed economically during 

European colonization, beginning with slaves in the 16th cen-

tury, followed by land appropriation and serfdom for the na-

tives under colonial rule. Political fragmentation facilitated 

European conquest and greatly affected its aftermath. 

Settler colonies, such as South Africa, had a worse record 

for poverty reduction than other forms of European conquest, 

but they invoked greater structural change.  

Lands were confiscated and settled in settler colonies. Un-

der the plantation system, land was controlled by colonists, 

with native Africans obliged to sell their labor. In peasant 

colonies, land ownership largely remained in African hands, 

but the services sector was effectively monopolized by Euro-

pean interlopers. 

Large-scale coercion was the basis for constructing the 

white-ruled economies. Especially in South Africa, with its 

hoard of gold, labor exploitation eventually became profitable 

enough for a partly politically impelled policy of industriali-

zation. 

Thus, rents from black African laborers were channeled 

into structural development. For the white masters, in con-

tributing to the fall of apartheid, this process ultimately 

proved self-defeating. 

The blacks that eventually took power in South Africa 

proved inept and corrupt. Within a very few decades, the 

economy there was a huge mess.  

Receding imperialism in the 20th century did not incite 

economic prosperity in Africa. It led instead to intra-African 

warfare, under the aegis of warlords who took the reins after 

their colonial masters left, and those that arose when power 

vacuums appeared. 

Once a continent synonymous with war, famine, and pov-

erty, foreign investment drove the growth of the modern Af-

rican economy in the late 20th century. It was a continuation 
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of exploiting the continent's natural resources, both minerals 

and crops, such as coffee and cocoa.  

The commodities trade boomed from foreign investment, 

at first largely organized by Europeans into cartels. China 

arrived late to the looting. Extraction continues to exceed in-

vestment.  

Though labor has been cheap, manufacturing did not 

blossom. That has changed only slightly in the early 21st cen-

tury.  

There is a lot of economic growth in the region, but this is 
bypassing much of the population. ~ English ecologist John 
Garrett 

Africa is developing economically without generating a 

mass middle class. Instead, a wealthy elite stand out as a 

stark contrast to the poverty which remains prevalent. Con-

sistent with earlier economic development across the world, 

high birth rates among the impoverished help perpetuate 

poverty. 

Habitat loss and environmental destruction grow apace 

with development. The masters may have changed but the 

rape of the continent continues. 

 The Modern World Economy  

Industrialization sparked trade. In 1913, on the cusp of 

the 1st World War, the volume of worldwide foreign trade 

was over 25 times what it had been in 1800. The period of 

most rapid growth was from the early 1840s to 1873, when 

total trade went up over 6% per year: 5 times population 

growth, and 3 times as fast as production increased. 

Migration and foreign investment flowed across borders. 

By the onset of the 20th century world economy was a mean-

ingful term. At the time, Europe was the epicenter of the in-

ternational trade gyre. 

 Trade  

The emergence of global trade owed to the lowering of 

natural and man-made barriers to trade.  
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The natural obstacle was the expense of long-distance 

transportation, especially on land. This was largely solved by 

railroads, later complemented by complex networks of road-

ways. In the latter 19th century ocean-going steamships 

turned the seas into highways. 

 Containerization  

Containerization – using standardized 

containers to haul cargo – greatly raised 

the efficiency and lowered the cost of transport.  

Containers were first applied for coal transport in Eng-

land, beginning in the late 18th century. By the 1830s, rail-

roads on several continents carried container crates that 

could be transferred to other transport modes. 

Steel begin to replace wood after the 2nd World War. The 

US military was an early adopter. 

Commercial seagoing container transport took off in the 

1950s. The first container ships were built in 1951. 

Standardization of containers was slow in coming, as the 

capitalist competitive instinct override more sensible cooper-

ation. International standards were first proposed in 1970, 

but it was over a decade before they were commonly followed. 

In the United States, the Interstate Commerce Commis-

sion (ICC) was a major obstacle. The government agency was 

created in 1887 to keep railroads from monopolist practices 

but became a captive creature of the industry. Only after de-

regulation in the 1980s, with the ICC cut out of protecting 

railroad interests, were standardized containers available for 

US cross-transport between ships, rail, and trucks. 

By 2010, 90% of non-bulk cargo carried by ships world-

wide was in portable and stackable containers; yet an ineffi-

cient plethora of container standards still exist. 

 

The man-made barrier to trade was governmental inter-

ference, most often in the form of tariffs, which raised costs 

enough to render trade uneconomic. 

In the 1860s and 1870s, through a set of negotiated trea-

ties, trade among European nations was as free as it would 
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ever be until after World War 2. In the 1st half of the 1860s, 

the United States was fighting a Civil War, and so more con-

cerned about embargoes on the enemy than international 

trade. 

There were numerous exceptions to freeing trade. Gov-

ernments still favored domestic industries which had politi-

cal clout. Though progress has been made to freer trade, 

economic corruption by special interests remains pervasive 

throughout the world to this day. 

Agriculture holds a particular place of privilege for pro-

tectionism. The governments of the United States and Japan 

have been especially enthusiastic in their coddling of domes-

tic agricultural producers, though practically every industri-

alized country has protectionist measures for its favored 

industries, of which agriculture always ranks high. 

 Imperialism  

Take up the white man's burden… ~ English writer and poet 
Rudyard Kipling 

As Japan exemplified, countries in the vast continents of 

Asia and Africa had minimal participation in the economic 

expansion of the 19th century until forced by aggression from 

Western powers.  

Britain pried open China to trade at the end of the 18th 

century. Perry's black ships sailing into Japan's Yokosuka 

harbor a half century later was an imitation by America. 

By the dawn of the 19th century, China and southeast 

Asia were cut-up colonies of various Western powers. Japan 

got into the act in snatching Taiwan and the Korean penin-

sula from the dying Qing (Manchu) dynasty. Africa was sim-

ilarly carved up by European powers from 1880. 

Prior to industrialization, only South Africa had previ-

ously been of interest to foreign powers; first by the Dutch, 

beginning in the mid-17th century, as a way station between 

the homeland and Indonesia. The British captured South Af-

rica during the Napoleonic Wars. 

Britain's abolition of slavery in 1834 angered the resident 

Boer slavers, who were the descendants of Dutch colonists. 

Whence issued Vryheidsoorloë: the "freedom wars." The 2 
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Boer Wars (1880–1881 & 1899–1902), with their scorched-earth 

policies and death camps, were an exuberant exercise in sav-

agery, and a foreshadowing of the World Wars ahead. 

There have been numerous explanations as to economic 

incentives for imperialism, but all of them bleed out in light 

of the facts. Imperialism was a political dynamic, not an eco-

nomic one: a product of aggressive nationalism, which was 

highly contagious.  

From a historical perspective, post-industrial imperial-

ism was simply a repetition of the empire-building upon 

which civilization itself was founded. A notable difference 

was the inherent racism in Western powers pillaging 

nonwhite lands. 

The Western intellectual climate in the late 19th century 

was strongly colored by Social Darwinism. Kipling's "the 

lesser breeds without the law" expressed the sense of superi-

ority that stirred the spirits of well-heeled men in the parlors 

and political circles of Europe and America. To general ap-

proval, US President Theodore Roosevelt grandly bandied 

"manifest destiny" for his foreign forays. 

 War & Economic Disintegration  

Before there were 2 of them, the 1st World War (1914–

1918) was known to the millions of Europeans who suffered 

through it as the Great War. The unsettling aftermath of the 

"war to end all wars" ensured that there would be another. 

Germans reparations insisted upon by France instilled a 

taste for revenge that would only be drowned in more blood. 

The toll of the 1st World War was tremendous, and un-

surpassed until the 2nd: 10 million combatants killed, and 20 

million seriously wounded in WW1; 10 million civilian casu-

alties, and another 20 million died from war-caused famine 

and disease. All told, over 60 million lives were lost in the 

Great War. 

Most of the material damage – housing, industrial, agri-

cultural, transportation, and communication facilities – oc-

curred in northern France, Belgium, a corner of northeastern 

Italy, and the battlegrounds of eastern Europe. Central and 
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eastern Europe, effectively economically cut off and dis-

rupted by armies, had its agricultural output drastically cur-

tailed, reducing large areas to famine. At sea, submarine 

warfare devastated shipping. 

Even more damaging was the continuation of economic 

dysfunction after the war. During the war, governments of 

every belligerent nation, and even some noncombatants, co-

erced a controlled economy: wages, prices, allocation of labor, 

and production we set by governments. These controls artifi-

cially stimulated certain sectors while restricting others. 

Capitalism functionally ceased to exist, though investors con-

tinued to profit from workers' toils.  

Although controls were lifted at war's end, the prior eco-

nomic ecosystem did not quickly or easily reestablish itself. 

Income from foreign investments was lost and not recovered. 

Capital flows that had withered in war did not return. 

Trade revived slowly, as the pre-war spirit of free trade 

was polluted with economic nationalism: the same beggar-

thy-neighbor mercantile philosophy of political economy that 

was practiced 2 centuries earlier was a stumbling block to 

imports.  

Inflation surged throughout the Western world after the 

Great War. This was, besides sheer shortages, a consequence 

of trying to paper over sovereign debt incurred during the 

war. Hanky-panky with the gold standard played a large 

part. 

 The Gold Standard  

In the absence of the gold standard, there is no way to protect 
savings from confiscation through inflation. There is no safe 
store of value. ~ Alan Greenspan in 1966 

Some economists attribute the economic integration 

achieved in the 19th century to having an international gold 

standard. The standard appeared to work quite well from 

1870 to the 1st World War, when international trade and cap-

ital flows increased with relative economic stability. Others 

cited the central role of Britain, particularly London, which 
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was on the gold standard. The gold standard was instrumen-

tal to the perceptions of moneymen, upon whose confidence 

the values of currencies relied. 

For most of history, money had to be backed by some tan-

gible asset base to hold value, as its worth was otherwise in-

evitably spoiled by its issuer's cavalier greed. Owing to the 

innate risk adversity of humans, the chosen backing asset 

has typically been the one that loses the least value over 

time. 

Various commodities have served as monetary standards 

through history, including land, cattle, and wheat; but gold 

and silver have been most often employed. Gold as money be-

gan in Asia Minor thousands of years ago. 

In medieval England, the "pound sterling" was legally de-

fined as pound weight of sterling silver, but its coins were 

relative slivers of silver to their stated value. This was 

stretched into fantasy in the 1790s, when Britain suffered a 

silver shortage. The government made do with tokens that it 

had its citizens consider as silver.  

During the Napoleonic Wars (1803–1815), England re-

fused to exchange banknotes for whatever metals were in its 

vaults. By denying convertibility, the country had fiat money, 

backed only by the authority of its say-so.  

After Napoléon suffered his final defeat, England re-

coined its empire, with convertibility between the old and 

new currencies. 

After allowing regional banks leeway in issuing small 

notes in the 1820s, the Bank of England got a monopoly on 

money in 1833.  

The 1844 Bank Charter Act established that Bank of Eng-

land notes were fully backed by gold, though the pound was 

still called "sterling." The amount of gold that the Bank of 

England held ostensibly determined the country's money 

supply. 

Gold flowed in and out of the country as a function of the 

balance of payments. This caused fluctuations in the total 

money supply, which in turn moved price levels. 

When international gold flows were slight, or inflows and 

outflows balanced, prices tended to be stable. Conversely, 
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large inflows – as happened with the gold strikes in Califor-

nia and Australia in 1849–1851 – caused inflation, inciting 

sudden withdrawal from banks, which brought on financial 

panic.  

Fluctuating precious-metal supply was a recurrent prob-

lem with metallic monetary standards through history; 

though, as the pace of trade picked up in modern times, con-

tagions came more quickly and were more profoundly felt. 

Numerous countries had tinkered with bimetallic stand-

ards. The US tried a gold/silver standard in the early 19th 

century. A fixed exchange rate proved impractical as metal 

supply gyration jerked the currency around. American banks 

suspending payment in silver propelled the country's 1857 

bank panic.  

Price stability was hard to come by when the supply of 

standard metals was volatile. The untoward flutter from the 

gold strikes inspired France in the 1860s and 1870s to try to 

create, with other countries' participation, an alternative 

money standard. After some success, the relative prices of 

gold and silver reversed from the discovery of new silver de-

posits. Rather than suffer the inevitable inflation, France 

and the others in its currency club fled back to a pure gold 

standard. 

Like Britain during the Napoleonic Wars, governments 

running deficits repeatedly suspended convertibility in the 

19th century. 

Toward the end of the 19th century, to attain price stabil-

ity, several silver-standard countries began to peg their cur-

rencies to the gold standards of the United Kingdom or 

United States. The gold standard reached its zenith in 1913 

before crumbling with World War 1.  

A run on sterling in England early in the war caused the 

country to impose exchange controls. This fatally weakened 

the gold standard. While convertibility was still the legal re-

gime, it was honored in the breach. 

Financing the war meant printing money. Drastic infla-

tion followed. Price levels doubled in Britain and the US, tri-

pled in France, and quadrupled in Italy. 
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At the close of the War the practical monetary solidarity of 
the world had disappeared, and the overprinting of paper 
money continued. ~ English historian H.G. Wells 

The US was an exception in not suspending the gold 

standard during the Great War. The newly minted Federal 

Reserve, which was created in reaction to the Panic of 1907, 

manipulated the currency market to minimize the impact of 

gold inflows on the money supply, thereby curtailing infla-

tion. 

The ostensibly neutral United States fared better than 

European countries, which were destroying their capital 

stock via combat. Hence, when the gold standard was re-

stored after WW1, the US turned from being a net debtor 

country before the war to a net creditor afterwards. 

Post-war, Germany was having an antithetical experi-

ence to America. Its inflation fared no worse than France dur-

ing the war, even though Germany had suspended the gold 

standard and was simply printing money to fund its war ef-

fort. This actually had less economic effect than it might have 

had otherwise, as Germany had much of its industrial power 

intact after the war. 

But Germany, which lost the war, was forced in the 

Treaty of Versailles to pay crushing reparations that ensured 

a crippled economy. That guaranteed hyperinflation, which 

duly happened. By 1923, the German mark was worthless. 

The distress of the Germans was worse than it had been dur-

ing the war. 

Further insult to national pride included French and Bel-

gian troops occupying Germany's industrial heartland to ex-

tract payment in goods, such as coal. This set the stage for 

the rise of Hitler, who promised to restore the nation. How-

ever disastrous the outcome, in the early 1930s, after suffer-

ing over a decade of ineffective political timidity, the German 

people understandably looked to a strong leader to bring the 

country off its knees from the depredations of reparations. 

By 1927, most countries had returned to the gold stand-

ard. But the nascent pre-war stability had been undermined. 
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Britain had returned to the gold standard in 1925 under 

Winston Churchill, then chancellor of the exchequer, by re-

distributing income at the expense of workers' well-being. 

General strikes followed. These were strongly opposed by the 

government.  

Rather than risk civil war, the unions backed down. But 

the episode sowed a bitter legacy of class division which has 

persisted to the present day. 

In spite of Britain's travails, much of Europe had recov-

ered by the mid-1920s. 1924 to 1929 seemed a time of nor-

mality. Yet the foundation of that prosperity was fragile: 

heavily dependent, especially in Germany, on continuing US 

investment, which began to flag in the summer of 1928. 

This was the beginning of the end of a speculative boom 

funded by America. US economic growth slowed after the 1st 

quarter of 1929. By the end of that summer, Europe was eco-

nomically strained from cessation of American investments 

abroad.  

Slowdown in the US was apparent in the autumn of 1929; 

though, with stock prices hitting an all-time high, American 

investors and politicians paid it little heed. Meantime, Brit-

ain, Germany, and Italy were already in the throes of a de-

pression. 

Any monetary system in a country with fairly unfettered 

trade offers the prospect of price instability, as its currency 

is subject to speculation by well-heeled financial pirates. 

Metal-standard monies are perhaps more prone, as a govern-

ment has fewer options in response to an attack, other than 

to suspend convertibility, and so deny the very foundation 

upon which the currency is supposedly based. 

Speculative attacks in Austria, Germany, and Britain in 

1931 succeeded. Germany and Austria adopted exchange 

controls.  

Britain was forced off the gold standard, even with deter-

mined assistance from America and France. Returning to fiat 

money allowed the country to use monetary policy to stimu-

late the economy. Britain's currency became a bluster of self-

confidence. 

Australia and New Zealand had already left the gold 

standard. Canada soon followed. 
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Just as the gold standard has been credited in some cor-

ners as causative to prosperity at the end of the 19th century, 

it has conversely been damned as ushering in the Great De-

pression.  

Unlike the gold standard before the 1st World War, the 

return to the standard after the war proved to have destabi-

lizing consequences. This was largely because countries pur-

sued a gold-exchange standard rather than work together 

toward price stability. The practice of currency exchange (re-

patriation) had much to do with how well the gold standard 

worked. 

Contrary to other countries, in the wake of the prolonged 

economic downturn that came to be called the Great Depres-

sion, the US upped its adherence to the gold standard during 

the 1930s.  

Following in the footsteps of President Franklin Delano 

Roosevelt's (FDR) early 1933 executive order, the US Gold 

Reserve Act of 1934 nationalized the entire country's gold 

supply. Banks had to turn in all their gold. In return, they 

got government certificates. American citizens continued to 

be legally barred from owning gold bars, coins, and certifi-

cates until 1975. 

The Act also authorized devaluation: raising the price of 

gold. On 31 January 1934, FDR devalued the dollar 40%. 

This was an attempt to kick start the economy via currency 

manipulation, and it was not the last such attempt. 

To try to stabilize the dollar, the Federal Reserve, with 

FDR's approval, sterilized gold inflows worth $1.3 billion be-

tween December 1936 and July 1937. This was done to stem 

a feared potential for financial speculation, where gold in-

flows might be suddenly reversed. Price controls were also 

installed. 

The resulting decline in the growth of the monetary base 

sent bond yields up, raised interest rates, and shut down a 

nascent recovery. The US economy fell into back into reces-

sion in 1937–1938. 

The 2nd World War was a reprise of the monetary imbal-

ances that had plagued the 1st World War. After the war, the 

44 Allied countries set the world monetary order; its leaders 
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convening under the auspices of the United Nations at Bret-

ton Woods, New Hampshire. 

So emerged the Bretton Woods system. Each country 

adopted a monetary policy that tied its currency to the US 

dollar. The IMF was charged with tiding countries over by 

bridging temporary imbalances of payments.  

The gold standard was nominally kept, though with no 

domestic convertibility. In essence, the US dollar replaced 

the British pound as the key currency. 

By the late 1960s, the rise of the Japanese, German, and 

other European economies left America with a continuing 

balance-of-payments deficit. The government sought a way to 

stem the loss of gold from its vault. US gold reserves had 

fallen to $10 billion in 1971, half of what they were in 1960. 

The situation was compounded by policies intended to 

solve the payments problem, but which made little sense 

when viewed from the perspectives of American foreign pol-

icy or macroeconomic efficacy. 

In May 1971, Germany left Bretton Woods, as it had tired 

of propping up the dollar. This move quickly strengthened its 

economy. The dollar dropped 7.5% against the Deutsche 

Mark. 

Other countries began to demand redemption of their dol-

lars for gold. On 9 August 1971, Switzerland deserted Bret-

ton Woods. An international monetary crisis lay at America's 

doorstep. 

On 15 August 1971, on his own accord, President Richard 

Nixon abandoned the Bretton Woods system by terminating 

dollar convertibility and depreciating the dollar on foreign 

exchanges. These steps were quickly followed by higher trade 

tariffs, and wage and price controls to stem inflation. 

The price of gold quickly shot up from $35 an ounce to 

$800. Nixon's actions resulted in a decade of the worst infla-

tion that the country had ever suffered, along with economic 

stagnation. The economic malaise was ably assisted by oil 

price shocks in 1973 and 1978, courtesy of Saudi Arabia. 

Since the early 1970s, the international monetary system 

has been spun purely from fiat money. Currencies are com-

pletely a confidence game, turning international comparisons 

into national interest rates via government bond markets. 
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The repeated financial crises since fiat money became the 

world standard, and government moves to ameliorate or pre-

clude such crises, provide ample illustration that fiat money 

is the antithesis of stability. 

The emergence of fiat money typifies its evolution as an 

abstraction: becoming more a representation of value than an 

object of value itself. Owing to sovereign debt and the fickle-

ness of financial speculators, who look solely opportunisti-

cally to extract profit, currencies have become an exercise in 

barely controlled chaos – a product of politically spun percep-

tion as much as anything. The volatility of cryptocurrencies, 

such as bitcoin, illustrates how a fiat currency's value is noth-

ing more than a social consensus which may be rigged. The 

price of bitcoin was, in fact, manipulated. 

The trouble with paper money is that it rewards the minority 
that can manipulate money and makes fools of the generation 
that has worked and saved. ~ Adam Smith 

Though freed as a monetary base, gold has not lost its al-

lure as a safe haven when currencies look uncertain. The 

2008 recession sent gold soaring in price.  

Gold reached a record high of $1,895 an ounce on 5 Sep-

tember 2011, at a time of fear that the US government would 

default on its debt because of a political impasse. After the 

political shenanigans resolved, gold declined surprisingly 

swiftly. 

Having no yield or earnings, gold is hard to value. Like 

paper money backed only by a government's resolve, gold is 

precious only so long as enough people agree that it is. Money 

abides as a consensual symbolism. 

Though the gold standard has been abandoned, govern-

ments still hoard the hoary precious metal. Britain's govern-

mental gold deposits are on the order of £156 billion ($221.7 

billion), while the US retains a measly $11 billion (£7.7 bil-

lion).  

We invented money and we use it, yet we cannot understand 
its laws or control its actions. It has a life of its own. ~ American 
author Lionel Trilling 
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 Economic Cycles  

Industrialization fundamentally changed the gyre of mac-

roeconomic activity: upping the pace and intensity of eco-

nomic swings. 

In preindustrial times, abrupt price fluctuations were 

most often local or regional. Bad harvests and war were 

about the only triggers for economic malaise.  

By contrast, industrialization brought monetary concerns 

to the fore. The sloshes and desiccations of financial flows be-

came quicker and more pronounced, dependent upon the de-

gree of surety that growth was in the offing. The confidence 

of moneymen determined an economy's impending prospects. 

Expanding trade from industrialization introduced bipo-

larity into economic cycles. The increasing integration of the 

international economy brought about by freer trade created 

a synchroneity of price movements across nations.  

In the 19th century, bipolar economic booms and busts 

marked by stock exchange crashes and bank panics followed 

one another in pell-mell manner. 

In the 1850s, French statistician Clément Juglar was one 

of the first to scrutinize economic cycles, which he identified 

as lasting 7–11 years. These Juglar cycles were characterized 

by oscillations of investment and levels of unemployment.  

A new cycle started from the trough of the last, with grow-

ing confidence that the worst was over. After 4 or 5 years of 

rising consumption, investment and production, pessimism 

set in about the good times continuing. The cycle slowed 

down and unwound in the following years, ending in a reces-

sion or depression, or quickly crashing in a financial panic.  

In 1922, Russian economist Nikolai Kondratiev proposed 

that Western capitalist economies had long-term (50–60 

year) cycles of boom followed by depression. These became 

known as Kondratiev waves. 

The next year, English businessman and statistician Jo-

seph Kitchin found evidence of short business cycles of about 

40 months. The Kitchin cycle is believed to be related to the 

time lags associated with information flows affecting busi-

ness decisions. 
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The business cycle, as it is commonly called, revolves 

around manufacturers, businesses, merchants, and consum-

ers. The levels of production and consumption diverge when 

anticipation in production exceeds demand.  

As consensus emerges that such divergence is an unto-

ward harbinger, trouble looms by dint of such pessimism. In-

vestment slows, and with it, employment. With the price 

mechanism as the only arbiter of manufacture, and acting 

only as a lagging indicator, never as forward guidance, the 

business cycle naturally ramps up and runs down. 

A distinct financial cycle also exists. The lucre gyre was 

long considered simply part of the business cycle, but its 

whirlpool comes from a different school of fish. Moneymen 

speculate to feed their greed. 

Every age has its peculiar folly: some scheme, project, or fan-
tasy which it plunges, spurred on by the love of gain, the neces-
sity of excitement, or the mere force of imitation. ~ Charles 
Mackay 

Whereas businessmen ponder price to suss conditions, fi-

nanciers fancy risk as their oracle. The prophetic powers of 

both are often ineffectual; but so it goes, as the market sys-

tem essentially runs on rumor.  

The euphoric episode is protected and sustained by the will 
of those who are involved in order to justify the circumstances 
that are making them rich. ~ John Kenneth Galbraith 

Animal spirits have a way of feeding a financial beast un-

til it can run no more. Those who grab with the most gusto 

fall the hardest, while a measure of timidity proves prudent 

for men who live off monetary currents. Whatever the invest-

ment temperament, an ebb tide in the flow of money puts all 

financial boats in danger of the shoals. 

Whereas entrepreneurs and firms profit individually, in-

vestors only rise to a feeding frenzy as a herd. While booms 

slowly build in the financial world, this collective dynamic 

ensures spectacular busts. This is because producers and 

consumers both rely upon easy terms of credit: producers to 

invest for future growth, and consumers to temporarily live 

beyond their means, and so fuel growth. When lending dries 

up the economy plummets. 
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In the US and UK, consumers account for close to 70% of 

GDP, as compared to 37% for Chinese consumers (a figure 

which is rising). If consumers in North America and Europe 

are not happily spending, economies worldwide suffer. 

 Network Effects  

Network-based propagation is larger than the direct effects of 
shocks, sometimes by severalfold. ~ Turkish-born American 

economist Daron Acemoğlu 

The political economy of trade is treacherous. Its benefits 

are diffuse, but its costs are often concentrated.  

Inequality is exacerbated by free trade. While multina-

tional rent-seeking companies prosper, severe unemploy-

ment can strike distant regions or labor markets that fail to 

successfully compete. 

Thanks to globalization, modern economies are a web of 

interrelated activities, both through the supply-to-demand 

chain and between production/consumption and finance. Eco-

nomic entanglement has been repeatedly demonstrated, 

most emphatically by shocks in one sector that ripple into 

others. 

A shift or shock may occur on the demand side or on the 

supply side. The propagating effects of each differ in vector. 

Supply-side shocks propagate downstream toward con-

sumers much more strongly than upstream to producers, as 

the prices that customers must pay for products from affected 

firms and industries ratchet upward. Oil supply shocks are 

exemplary, as are financial crises: when the cost of borrowing 

jumps or funds are simply unavailable to finance operations. 

In contrast, demand-side shocks, such as from imports or 

government spending, more powerfully propagate upstream, 

toward suppliers and manufacturers. Demand shocks have 

little or no effect on prices. Instead, the effects ripple up-

stream: affected firms or industries adjust their production 

levels, and their demand of material and labor inputs. 

Toward the end of the 20th century, low-cost imports be-

gan to flood into the United States from China, owing to that 

country's relatively cheap labor and lack of environmental 

protection. American manufacturers were distressed by this 
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foreign competition, as were workers in affected industries. 

But that was just the beginning of the network effects. The 

overall economic impact of China's burgeoning exports to the 

US was ~6 times greater than it was to manufacturing alone.  

Relatively small shocks can become magnified. ~ Daron Ac-

emoğlu 

Network effects are not just felt in economic shocks. They 

can also be the basis for growth, at least until the inevitable 

shock occurs. 

 Wenzhou, China  

Wenzhou is a port city on the east coast of China, isolated 

from the interior by mountains. Its people speak a dialect un-

intelligible to most outsiders. 

Wenzhou's legacy of separateness is evident in its large 

Christian community: a result of foreign missionaries in the 

19th century. Wenzhou is sometimes called the "Jerusalem 

of the East." 

After the 1st Opium War (1839–1842), Wenzhou opened as 

an international trade port, and became one of China's early 

bases of industry. 

When China began to open itself to private enterprise in 

the early 1980s, Wenzhou was one of the first to capitalize on 

the opportunity. Wenzhou became renowned for its aggres-

sive brand of capitalism, and its golden touch.  

A tight-knit community, families pooled their cash and 

organized informal lending societies. With that capital they 

started small factories, making a dizzying array of products. 

Whenever asset prices spiked, Chinese media pointed to 

speculators from Wenzhou – with reasonable suspicion. Then 

came the inevitable downturn. China had motored its way 

past the wake of the 2008 global financial crisis with a flood 

of cash. In 2011, regulators began to rein in the excesses. 

Across the nation, lending to small businesses slowed. Stock 

and property prices dipped. 

Wenzhou companies had been counting on a steady flow 

of financing to fund their bets on stocks and property. The 

credit crunch put them in dire straits. 
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The dense web of trust that had winged Wenzhou to 

wealth turned into bitter liabilities. Large, unlicensed banks 

collapsed; so too hundreds of firms. 

Small business owners reneged on their debts and fled 

the city. The most desperate dove headfirst off high build-

ings. For those that hung on, the wave of government regu-

lations and attempts to bring transparency was ill-received. 

The government said it was reform. But we wonder if they 
were just lying to us, getting companies to take our loans to pay 
back state banks. ~ Wenzhou businessman Fan Lele 

7 years on, Wenzhou has been slow to recover; the pre-

vailing mood sober. 

It used to be that Wenzhounese would lend to each other 
with no questions asked and not even so much as an IOU. It 
was like a blood bond. This is no more. ~ Wenzhou business 
advisor Zhang Xiaoyan 

 Recessions  

Economic debacles may be classified by their source: mar-

ket or finance. A market-based recession occurs via an arrest-

ing disequilibrium between supply and demand which is 

reflected in prices. A market recession may evolve through 

the typical business cycle, come as a consternation in market 

conditions, or surface from government missteps in fiddling 

with the gears of an economy. 

Market contractions never evolve into depressions, as 

markets gradually adjust to a new normal via price acclima-

tion. The oil shocks of the 1970s were a sudden spike in pe-

troleum prices which sent economies spiraling down. The 

recessions following the jolts were short-lived.  

Downfalls from financial panics are an altogether distinct 

species from market contractions.  

 Financial Crises  

How much do all those exotic securities, and the institutions 
that create them, buy them, and sell them, actually contribute 
to the 'real' economy that provides us with goods and services, 
now and for the future? ~ American economist Robert Solow 
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The money parade is solely guided by the expectation of 

liquidity. Speculators put their money in. When the prospects 

of getting their money out sour, speculators panic, causing a 

crash through herd behavior. 

Recurrent descent into insanity is not a wholly attractive fea-

ture of capitalism. ~ John Kenneth Galbraith 

Financial transfers are based upon trust rather than ex-

change of trade. A financial shock stabs sense of surety about 

liquidity, making lenders and investors skittish. Through the 

rumor mill by which the wealth herd invariably operates, dis-

combobulation in confidence can linger for extended periods. 

After all, speculative funds are a surplus for the wealthy who 

hold a hoard of lucre: better safe than sorry. 

Though some financial falls have been short-lived spasms 

of fright, recessions from pecuniary panics have often had a 

more crippling impact on the economic gyre than market con-

tractions. A speculative panic is a criticality event that can 

cascade into a systemic breakdown in money flow, which may 

create a monetary morass that lingers for years.  

In the US, financial crises have occurred in: 1785–1788, 

1789–1793, 1796–1799, 1815–1821, 1825–1826, 1837–1843, 

1857–1858, 1860–1861, 1869, 1873–1879, 1884, 1890–1891, 

1893–1897, 1901, 1907, 1910–1911, 1930–1933, 1937, 1973, 

1987–1991, 2001, and 2008–2010. All these plunges stemmed 

from speculative booms, fueled by intensely concentrated 

wealth. 

By contrast, market contractions transpired in: 1802–

1804, 1812, 1822–1823, 1833–1834, 1845–1846, 1853–1854, 

1869–1870, 1882–1885, 1902–1904, 1913–1914, 1918–1919, 

1920–1921, 1923–1924, 1926–1927, 1945, 1973–1975, 1981–

1982.* 

Almost all financial crises were assisted by governmental 

ineptness. Even now, governments simply do not know how 

 
* These were business-based recessions not caused by political in-

terference. Calamities caused by the government monkeying with 

interest rates or the money supply, or via trade restrictions, hap-

pened in 1807, 1828–1829, 1945, 1949, 1958, 1960–1961, 1969–

1970, and 1980. 
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to sensibly regulate economic animal spirits, sphincter spec-

ulative fever, nor clean up the aftermath mess.  

There is an equally important takeaway about the dance 

between investors and government: that governments have 

had to regularly intervene in private financial affairs shows 

how broken the regime of capitalism is, especially its procliv-

ity to concentrate wealth at societal expense. 

 

Indeed, financial crises and bailouts are a regular feature of 
the market economy. ~ American economist Joseph Stiglitz 

Because they are lynchpins to economic vitality, and so 

too-big-to-fail, participant financial institutions are bailed 

out rather than held accountable. Banks take the risk and 

taxpayers foot the bill when investors' drunken reverie col-

lapses.  

Countries and regions around the world have suffered 

their own recessionary roller coasters for much the same rea-

sons as the US, as well as being in on the downturns which 

engulf all. For instance, the Panic of 1825 arose from the 

Bank of England's and others' speculations in Latin America, 

including a hoax involving the imaginary country of Poyais, 

perpetrated by Scotsman Gregor MacGregor. The financial 

contagion spread throughout Europe and to the United 

States, as well as dunning Latin America. 

 The Panic of 1873  

The late 1860s were boom years in Europe and the United 

States. Then came the Panic of 1873. 

Railroad construction went bonkers after the American 

Civil War: 53,000 km of new track was laid across the country 

between 1868 and 1873. Considerable craze over rails was 

infused by government grants and subsidies. By 1873 the 

railroad industry was 2nd only to agriculture in employment. 

An abundance of capital created an oversupply, not only 

of rail, but also factories, docks, and ancillary facilities. The 

crunch came with realization that investments had been 

largely sunk with little prospect of profit. 
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Meanwhile, in 1871, the German Empire decided to cease 

minting silver coins. This dropped demand for the metal, de-

pressing silver prices.  

At the time, America mined much of the world's silver 

supply. In response to the German decision, the US, via the 

Coinage Act of 1873, abandoned silver as a currency medium, 

settling solely on gold to back its paper money. 

The 1873 Act reduced the domestic money supply, which 

raised interest rates, thus hurting debt holders, notably 

farmers. The perception of instability this instilled resulted 

in investors shying away from long-term obligations, espe-

cially bonds. 

Beginning in September 1873, the inability of investment 

banks to market bonds set off a chain reaction of bank fail-

ures. The New York stock market closed for a time.  

Factories laid off workers. The US slipped into depres-

sion. 

Europe was already suffering from financial disruption. 

The Vienna Stock Exchange crashed in May 1873 from a 

speculative bubble, dishonest manipulations, and insolven-

cies. Bank failures led to lending contraction which brought 

businesses down. 

Trade fell worldwide. Prices drastically dropped in most 

European countries as demand slackened. 

The 1873 depression sparked cries by agricultural and in-

dustrial lobbyists for protective tariffs. This provoked a wave 

of economic nationalism in the US, Canada, France, Ger-

many, and other countries, further depressing trade and eco-

nomic vigor. In contrast, Britain, Belgium, The Netherlands, 

and Denmark remained in the free trade bloc. 

The depression that began in 1873 lasted in Europe until 

1897. The United States recovered enough to have a repeat 

financial panic and severe depression in 1893, over several of 

the same causes that befell the economy in 1873, including 

railroad overbuilding and subsequent bank failures. This 

came after having less grievous economic conniptions in 1884 

and 1890. 
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 Early 20th Century  
The decade leading up to the Panic of 1907 was marked 

by extraordinary liquidity growth. The Klondike and Alaskan 

gold rushes brought a bounty of hard money into the Ameri-

can economy. Even more gold flowed in from Europe. The US 

governmental response was the Gold Standard Act of 1900, 

which officially set gold as the only standard for redeeming 

paper money, ending the bimetallism of the previous era. 

Instead of a steadying hand, the US Treasury needlessly 

injected liquidity into the banking system, and lowered re-

serve requirements to virtually zero. These reckless acts fed 

debt accumulation and speculation. 

The Interstate Commerce Commission came into exist-

ence in July 1906, with the power to set maximum railroad 

rates. This prospect softened the stock market, as railroad 

stocks slid. 

In August 1906, Standard Oil was fined $29 million for 

antitrust violations: a prelude to its breakup. This govern-

mental crimping of unfree enterprise unnerved stock mar-

kets further.  

These setbacks were slights to what happened next. The 

financial markets came a cropper from copper. 

In 1907, the Heinze brothers – Augustus and Otto – 

aimed at cornering the market in copper.*† The Heinzes were 

abetted by Wall Street banker Charles Morse, who had once 

successfully cornered the ice market for New York City. Fi-

nancing was furthered by the Knickerbocker Trust Company, 

run by Charles Barney. 

The problem with the copper cornering scheme was that 

the Heinze's lacked sufficient financial backing. Morse cau-

tioned Otto, but Otto made the play anyway. Having misread 

the market, the share price of United Copper collapsed. Otto 

 
* Augustus Heinze had been consolidating the copper supply since 

1902 through his United Copper company. His brother Otto 

simply took the idea to its speculative conclusion. 
† Cornering the market consists of obtaining sufficient control of a 

specific commodity, stock, or other asset, to manipulate the mar-

ket price. There have been many such attempts, in everything 

from tin to cattle. Very few succeeded. 
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Heinze's failed copper cornering cast a contagion among his 

financial associates which cascaded, creating widespread 

panic. Lending quickly dried up, and the economy collapsed. 

A drawn-out economic malaise ensued, with revival only in 

1914, as the Great War got underway. 

 War & Business  

As long as it does not happen in the immediate vicinity, 

war is a boon for business. 

War unleashes and accelerates speculative investing to new 
levels. ~ American economist Jack Rasmus 

In artificially boosting demand and manufacture, wars 

cut economic contractions short. The panic of 1857 ended 

with the onset of the Civil War. The 1898 Spanish American 

War ended the depression of 1893–1898. World Wars 1 and 2 

worked similarly on the economic maladies of the day. 

Conversely, the end of war invariably spells a decline in 

production, and so dampens economic activity – except for the 

losers: those countries that must rebuild. The World Wars 

also illustrate this effect. 

 

The US Treasury's inept ad hoc response to financial 

events in 1907 led to the creation of the Federal Reserve in 

1913. Most critically, the Fed was designed to bail out the 

banking system when it buckled under speculative overload, 

by providing liquidity to the creators of the collapse. 

The Federal Reserve was the 3rd central banking system 

in US history. The 1st (1791–1811) and 2nd (1817–1836) each 

had expired after their initial 20-year charters, purely for po-

litical reasons. 

Politicians were long suspicious of a central bank. This 

reflected the (correct) belief across the country that wealthy 

families and large corporations ran the nation. 

Struggling with economic stagnation, President Woodrow 

Wilson managed to get a central bank act passed only by per-

sistence over determined opposition, and considerable com-

promise on how the system would work. 
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The Fed faced its first real test in less than a decade of 

existence. It failed. 

Adjusting from wartime production after the Great War 

shocked the US economy as factories shut down or retooled 

their production. (Though America did not directly partici-

pate in the 1st World War, it provided supplies which fed the 

conflict.) 

The recession that occurred in 1918 was short-lived, fol-

lowed by a growth spurt. Inflation shot up.  

The Fed responded by jerking interest rates up. This 

caused a sharp but short, deep depression that began in Jan-

uary 1920 and lasted until July 1921.  

Once the Fed relaxed its monetary policy, the economy 

bounced back and birthed the Roaring Twenties, abetted by 

rolling back income taxes on the wealthy that had been 

raised during the War. 

The entirety of the 1920s was not rip-roaring. There were 

mild recessions in 1923–1924 and 1926–1927. 

 The Great Depression  

I am convinced we have now passed the worst, and with con-
tinued unity of effort we shall rapidly recover. ~ US President 
Herbert Hoover in May 1930 

Though the US stock market crash of October 1929 is of-

ten pointed to as causing the Great Depression, its roots go 

much deeper. 

With Europe exhausted by the Great War, America 

emerged the victor. The US bankrolled European recovery 

while becoming the richest country in the world. 

Britain should have done well, but it committed monetary 

suicide by returning to the gold standard in 1925 at pre-war 

parity: an anachronist move that led to overvaluation of the 

pound and a consequent fall in exports. 

American exports and surging gold imports fueled mas-

sive consumer credit expansion in the 1920s. Cheap and easy 

credit was available for home loans and all manner of durable 

goods, such as furniture and appliances. 

The US government foolishly fed a booming economy with 

more liquidity. 1922–1924, the Federal Reserve bloated the 



 Economics 233 

money supply while lowering interest rates to 3%. Over a half 

billion dollars was injected into the US economy just to help 

Britain return to the gold standard. In 1926, the Fed briefly 

raised interest rates to counter surging speculation in real 

estate, but quickly reversed itself. The return to easy-money 

lubrication was responsive to pleas from European finance 

officials: the continent was still struggling economically. 

American banks expanded their balance sheets nearly 3 

times over between 1914 and 1929, from $20.8 billion in 1914 

to $58.5 billion in 1929. 

Traditional banks had competition. General Motors cre-

ated a finance subsidiary (GMAC) in 1919 to lend to install-

ment purchasers of cars.* GMAC loans went from $25.7 

million in 1920 to $400.8 million in 1929: a nearly 16-fold ex-

pansion in 9 years. 

 The Florida Bubble  

The first euphoric bubble to blow and burst in the 1920s 

was not on Wall Street, but in Florida. Abetted by the fame 

of Miami Beach as the playground of the rich, a real estate 

boom was fueled by eager investors who had never even set 

foot in the state.  

Italian businessman and con artist Charles Ponzi, al-

ready a convicted forger and larcenist, began a new career 

selling swampland. The Florida legislature helped by passing 

laws to support the land boom. 

The inevitable collapse came in 1926, as the supply of 

fresh and gullible buyers dried up. An unusually cold winter 

in 1925, followed by an extremely hot summer, frightened 

away many potential investors, having cast doubt on the 

state's polished reputation as "heaven on Earth." There was 

a futile rush to get out.  

At the time, 2 vicious hurricanes from the Caribbean in 

the autumn of 1926 were held to be at fault for the bust. 

Thousands were left homeless while thousands more were re-

lieved of their wealth. 

 

 
* General Motors Acceptance Corporation (GMAC). 
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The stock market boom preceding the great 1929 crash 

started in 1924. The rise was at first justified by economic 

conditions, but in 1927 the mood morphed into a speculative 

fever. 

At its peak, there simply weren't enough stocks to feed 

demand. So, more were made, much in the way that funny 

money would be made out of securities in the 1st decade of 

the 21st century. Stocks lost touch with tangible valuation (a 

perennial trend that has never gone out of fashion, as wit-

nessed at the end of the 2010s). 

During the spring of 1929 share prices made large leaps, 

briefly interrupted by profit-taking. The euphoria held for 

only a short while. By the time the autumn leaves started 

turning, uncertainty hung in the air. 

In early March, respected banker Paul Warburg warned 

of impending disaster from "unrestrained speculation." The 

reaction was vicious. Warburg was held to be obsolete in his 

views. He was "sandbagging American prosperity." Quite 

possibly he was himself short in the market. An overtone of 

anti-Semitism wafted in the responses. 

In September, American economist Roger Babson chimed 

in with sentiments selfsame to Warburg. Babson warned of a 

crash that "may be terrific." 

Factories will shut down. Men will be thrown out of work. 
The vicious circle will get in full swing and the result will be a 
serious business depression. ~ Roger Babson 

The great financial houses at the time pounded Babson 

with grave rebuke. The financial newspaper Barron's said 

Babson should not be taken seriously by anyone acquainted 

with his past forecasts of "notorious inaccuracy." Nonethe-

less, Babson's blast caused a sharp break in the market. 

Sensible people thought the boom would be over before 

the close of 1929, simply because, like other speculative de-

liriums before it, it was too good to last.  

By the time stocks came crashing down, ordinary folk had 

piled in, trying to get rich quick. Many did so on borrowed 

money. 

Just as speculation was frothing in the spring of 1929, the 

real economy in the US was slowing down. In March, house 
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building and manufacturing started to slow down. The thun-

derclap came as a sudden acknowledgement of an already ap-

parent economic trend: that the Roaring Twenties roared no 

more.  

A long-term decline in the prices of agricultural commod-

ities that began in 1925 had greatly reduced the buying 

power of farmers. This dilemma had been caused by overpro-

duction after the War, as European battlefields gave way 

once again to cultivation. Mechanization of agriculture – 

tractors – increased crop productivity, fueling the oversup-

ply. 

A collapse in international trade was caused by a down-

ward spiral in demand which had been egged on by govern-

mental policies: most notably Europe's return to the gold 

standard, which incurred deflation. This is what prompted 

Europe to ask the US for more liquidity. Accommodation by 

the Federal Reserve in 1927 blew the bubble as big as it could 

be. 

The stock market crash started on 24 October 1929. 

Pauses were brief as the US market plummeted over the next 

month, then kept stumbling downwards well into 1932.  

1st-rate securities fell alongside the fodder. Discrimina-

tion went out the door.  

From the initial crash to 1935, US stock prices plunged 

89%. The fall was repeatedly briefly interrupted by bear-mar-

ket bounces. 

The fundamental business of the country, that is production 
and distribution of commodities, is on a sound and prosperous 
basis. ~ President Herbert Hoover on 26 October 1929 

Once the crisis hit, governments in Europe and America 

made it worse. 

Prosperity cannot be restored by raids upon the public Treas-
ury. The budget should be balanced. ~ President Hoover 

The Tariff Act of 1930, known via its Congressional spon-

sors as the Smoot-Hawley Act, was signed into law by Presi-

dent Hoover. It raised the average US industrial tariff from 

37% to 48%. 

The Smoot-Hawley Act was akin to the proverbial straw 

that broke the camel's back. It was merely symptomatic of 
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government policies designed to restrict trade and dampen 

demand. 

The Smoot-Hawley Act was of little consequence. It did 

not spark a trade war. The main reason for collapse in trade 

after 1929 was a downward spiral in demand, caused by gov-

ernment adherence in capitalist countries to the doctrine of 

a balanced budget. 

The worldwide deflation of the early 1930s was the result of 
a monetary contraction transmitted through the international 
gold standard. ~ American economist Ben Bernanke & English 
economic historian Harold James 

Clinging to the gold standard meant that governments 

were afraid to increase the money supply, for fear of compro-

mising the value of their currencies. Credit became scarce: 

restricting investment, and thereby reducing demand. 

Let me remind you that credit is the lifeblood of business, the 
lifeblood of prices and jobs. ~ President Hoover 

Disasters among central European banks, partly a legacy 

of the Great War, had ramifications across the Atlantic. An 

antiquated and unstable banking system in the United 

States readily led to bank failures, with a domino effect. 

From 1930 to 1933, a series of bank runs and failures 

closed 1/3rd of US banks. The volume of money in circulation 

plummeted: the normal flow became a trickle. 

The banking crisis quickly spread to Europe. Both domes-

tic and international chains of credit were broken. 

Credit dried up. International capital loans fell more than 

90%. 

The fall scared consumers, causing a rapid decline in pro-

duction. Businesses had difficulty servicing their debts, and 

there were no new loans to be had. Thousands of industrial 

companies were pushed into bankruptcy. 

Meanwhile, the Federal Reserve did nothing to prevent 

the collapse. Treasury Secretary Andrew Mellon believed 

that weeding out "weak" banks was a harsh but necessary 

prerequisite to bank system recovery; thus the Fed saw no 

need to staunch the massive loss of monetary lifeblood. 

All this calls for a re-appraisal of values. ~ Franklin Roosevelt 
in 1932, before becoming President 
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Between 1929 and 1932, US output fell 30%, while em-

ployment plummeted 8-fold. The oft-cited figure of 25% peak 

unemployment is a gross understatement.* Well over half of 

American workers were idle. 

It was not until 1937 that US output was back where it 

had been in 1929. Persistent long-term unemployment de-

stroyed the lives of tens of millions.  

Often no one in authority had any positive idea of what to 
do, and responded to disaster in the policy clichés of balancing 
budgets, restoring the gold standard, and reducing tariffs.  
~ Charles Kindleberger 

Efforts by the government to spark the US economy were 

often inept, as Roosevelt's political rhetoric and policies de-

terred investment confidence in businessmen. Only with the 

entry of the US into the 2nd World War did the economy re-

vive. 

Much of Europe suffered similarly. Unemployment in 

Germany shot up at a breathtaking rate. The severe eco-

nomic distress strained the German political system to the 

breaking point. In 1933, a resolute leader who promised a 

fresh start – Adolf Hitler – took power. 

 The Post-War World  

In recovering from the carnage of the 2nd World War, 

Western Europe experienced a golden age of growth between 

1950 and 1970; but its growth rate rapidly diminished in the 

decades that followed. 

US growth following the war was subdued. The public 

debt incurred during the War was trimmed by policies that 

engendered pessimism in businessmen, most notably in-

creased corporate taxes. 

With high inflation in the years immediately following 

WW2, the Truman and Eisenhower administrations commit-

ted to the cause of sound money through balanced budgets. 

Events proved that difficult. 

 
* US government employment figures have always been fiddled to 

present a rosy picture, lest the citizenry revolt against the rigged 

system. 
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Wars both cold and hot further deepened public debt 

while darkening the private-sector outlook.* Being the leader 

of the 'free' world and fighting Communism proved an expen-

sive proposition. 

Between 1950 and 1980, the gap between the English-

speaking countries that had won the 2nd World War and 

those that had lost closed rapidly. By the late 1970s, the pop-

ular press often denounced the decline of the United States 

and the success of German and Japanese industry. British 

GDP per capita fell below the level of Germany, France, Ja-

pan, and even Italy. 

Neither the state intervention that began during the De-

pression and grew after WW2, or the economic liberalization 

of the 1980s, had much to do with relative growth rates. The 

Germans and Japanese were disciplined, industrious peoples 

that rapidly rose from the ashes of their militarism spasm. 

Their resurgence was practically inevitable. 

 

One constant among industrialized, mass-consumption 

societies is high energy demand. Any threat of disruption in 

energy supply has immediate consequence. 

 Oil Shocks  

Industrialized countries remained dependent upon oil as 

the lubricant for their economic engines. This became prickly 

as petroleum production peaked for the world's top producers 

in the late 1960s and early 1970s. 

There was no immediate supply problem, but, given the 

way that markets work, simply knowing that peak produc-

tion had arrived put upward pressure on oil prices. Petro-

leum-rich regions, including Texas, Alaska, Norway, Mexico, 

Venezuela, and especially the Middle East, reaped a windfall. 

 
* The Cold War was costly in maintaining what Eisenhower called 

"the military-industrial complex." The hot wars in Korea (1950–

1953) and Vietnam (1955–1973) added substantially to the tab. 
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Imports of oil began a steep ascent in the US beginning 

in 1970, when its production peaked. Europe had long been 

importing much of its petroleum. 

 1973 Oil Shock  

On 6 October 1973, a coalition of Arab countries, led by 

Egypt and Syria, jointly launched a surprise attack on Israel. 

The Egyptians successfully invaded the Israeli-held Sinai 

Peninsula, while the Syrians made threatening gains with 

their attack on the Golan Heights.  

Within 3 days, the Israelis had pushed their foes back. 

The war ended on 25 October with a cease-fire, and the Arabs 

worse off than before. 

US and European support for the Israelis in their Yom 

Kippur War suffered an economic backlash when Middle 

Eastern oil producers declared an "embargo" against coun-

tries allied with Israel, particularly the United States.  

The proclamation was more theatrical than real, in Arab 

rulers wanting to show their people that they were doing 

something for the beleaguered Palestinians, who had lost 

their nation-state to the Jews in 1948. Oil supply was not in-

stantly affected, but the economic impact was immediate and 

severe, as suppliers capitalized on the situation.  

The 1973 oil crisis that began in October only lasted until 

March 1974, but in that time the global price of oil quadru-

pled: from $3 per barrel to nearly $12. US prices were signif-

icantly higher, thanks to oil companies extracting price-

gouging profits. 

 1973–1975 Recession  

All major stock markets had been in bear territory since 

January 1973, on the heels of the collapse of the Bretton 

Woods monetary system and abandonment of the gold stand-

ard.* Compounded by the 1973 oil crisis, the downturn lasted 

until the close of 1974. 

 
* A bear market is a colloquialism for a general decline in stock 

prices. By contrast, a bull market is a period of rising stock prices. 

The terms came into common usage in 1720, at the bursting of the 

South Sea Bubble. 
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The 1973–1975 recession signaled the end of the economic 

boom following the 2nd World War. It differed from previous 

recessions in sporting stagflation: high unemployment and 

high inflation simultaneously. 

 1979 Oil Shock  

The repressive regime of the Shah of Iran ended in Janu-

ary 1979 with revolutionary rioting that led to the abdication 

and flight of the corrupt monarch who had been propped up 

by the US. The Iranian Revolution resulted in an Islamic the-

ocracy at the end of 1979, led by Ayatollah Khomeini. 

During that time, Iranian oil output dropped. Global oil 

supply dipped only 4%, but widespread panic commenced 

nonetheless. 

During 1980, the world price of crude oil doubled, leading 

to a rerun of the 1973 oil crisis, with long lines at gas stations. 

There was plenty of oil to go around, but the companies that 

controlled it maximized their profits at the expense of the so-

cieties they served.  

Many Americans thought the declared energy shortage 

was a hoax perpetrated by the oil companies – which is ex-

actly what it was.* 

With the 1979 oil shock, the world fell again into a stag-

nation recession. The downturn lasted in the US only until 

November 1982. Japan pulled out of its tailspin quickly too. 

But stagflation lingered in the rest of the developed world 

until at least 1985. 

 

The economic malaise that afflicted the world at the end 

of the 1970s birthed a reactionary revolution in politics in the 

US and UK, with Margaret Thatcher in Britain and Ronald 

Reagan in the United States promising to "roll back the wel-

fare state" that had supposedly sapped the animal spirits of 

 
* Following the outbreak of the Iran–Iraq War (1980–1988), Iranian 

oil production practically stopped, and Iraq's was severely cur-

tailed as well. Despite that, there was no 3rd oil shock, as Ameri-

can oil companies by this time feared political repercussions for 

manipulating the market yet again. 
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free enterprise. They wistfully wished for a return of the 

vigor of 19th century capitalism, conveniently forgetting that 

it was the golden age of robber barons, not public prosperity. 

Reagan loosening regulation resulted in a savings and 

loan (S&L) crisis (1986–1995), where 1/3rd of the 3,234 thrift 

institutions in the US went bankrupt, owing to incompetence 

and fraud. 

The banking problems of the '80s and '90s came primarily, 
but not exclusively, from unsound real estate lending. ~ Amer-
ican economist William Seidman, head of the US agencies 
tasked with cleaning up the S&L mess through government lar-
gesse 

Unsound real estate lending would lead to the next severe 

recession 2 decades later. But before that, 2 asset bubbles 

were blown and burst. 

 Black Monday (19 October 1987)  

People started to understand the interconnectedness of mar-
kets around the globe. ~ American financial analyst Thomas 
Thrall 

Stock prices are driven by expectation. Anticipating re-

covery from the recession following the 1979 oil shock, the US 

stock market began an ascent in the summer of 1982. This 

owed in large measure to the Reagan administration relaxing 

financial rules and easing antitrust law, as well as generous 

tax benefits for the wealthy and corporations. Working men 

and women did not share in this largesse. 

Financial deregulation at this time laid the foundation for the 

financial system today. ~ Ha-Joon Chang 

The bull market was further fueled by low interest rates 

and financial shenanigans (hostile takeovers, leveraged buy-

outs, merger mania, and junk bonds). These myopic practices 

spelled a reckoning, but it took years for the obvious to be-

come apparent. 

The business myth of the moment was that companies 

could grow exponentially simply by buying each other out. 

Further, the 1981 introduction of the IBM PC seeded undue 
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optimism that computers might fuel sustained economic 

growth. 

From late 1985 the US economy began slowing from a 

rapidly growing recovery from the early 1980s recession. 

With a "soft landing" in sight instead of recession, investor 

optimism continued to flower.  

In August 1987, the Dow*, a US stock market index, was 

44% higher than it had been at the end of 1986. Profit-taking 

ensued. The market began a gradual decline as the scent of 

uncertainty wafted.  

The Arab-led oil cartel (OPEC) was in disunity. The price 

of crude oil was half of what it had been a year earlier. It 

looked like that only direction that the oil price was up, and 

that would spell further slowdown. 

On 14 October, a larger-than-expected trade deficit was 

announced for the US. In response, US Treasury Secretary 

James Baker stupidly talked tough with trading partners.  

On 15–16 October 1987, irascible Iran hit a couple of 

American-owned ships with missiles. In reaction the next day 

(17 October), the US stock market fell 4.6%. The UK stock 

market was closed that Friday because of a severe storm. 

There is so much psychological togetherness that seems to 
have worked. ~ Andrew Grove, CEO of Intel Corporation, on 
the herd mentality of stock traders precipitating the Black Mon-
day crash 

On Monday, 19 October 1987, stock markets in the Far 

East started the world's day with a plunge. Later that morn-

ing, the US retaliated to Iran's provocation by shelling an 

Iranian oil platform. 

Panic set in. The Dow dropped 22.6% on Black Monday: 

the single-largest drop in the market's history.  

$500 billion in US market capitalization evaporated: 

funny money indeed. Other stock markets around the world 

were similarly affected. 

We believe it is an overreaction. ~ American business exec-
utive John Rolls on 20 October 1987, echoing common reac-
tion by American business leaders 

 
* Dow Jones Industrial Average. 
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Following the crash, the US government insisted upon a 

system of circuit breakers to halt trading if stocks started to 

plummet too quickly. No consideration was given to stem-

ming the irrational exuberance that repeatedly gave rise to 

market bubbles, such as the one just experienced. 

A group of 33 eminent economists from various nations 

met, and issued a collective prediction in December 1987, 

that "the next few years could be the most troubled since the 

1930s." Instead, economies were barely affected by Black 

Monday. Economic growth picked up throughout 1988, with 

the Dow regaining its pre-crash level in early 1989. 

The Fed intervened with massive dollops of liquidity to 

avert the crash turning into a crisis. Freshly minted Fed chief 

Alan Greenspan saw no reason that financial conniptions 

should damage the real economy. 

The bull market that followed was led by computer soft-

ware, then Internet stocks. 

Black Monday didn't lead to any meaningful reforms.  
~ American financial journalist Dania Henriques 

 The Dot-Com Bubble  

Personal computers became increasing common in the 

1990s, with Microsoft as the dominant software company, by 

dint of its association with then-behemoth IBM a decade ear-

lier. 

While computer hardware was becoming a commodity 

business, software took the spotlight as the star of the show, 

with hefty profit margins for those whose programs attained 

popularity. Companies contended to become the leader in 

their niche, and so reap the lion's share of an increasingly 

profitable industry. Buyouts were common to eliminate 

smaller competitors. 

It took over a decade after the Internet became a public 

network for large companies to catch on to its potential – ex-

istence proof of smug corporate arrogance in an industry that 

was supposedly stuffed with savvy men. The first wave of pa-

tents on Internet technologies was filed in 1993, followed by 

succeeding waves of increasing sophistication. So too with 

commercial entities trying to stand out in a growing crowd. 
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All the early Internet merchants were startups: compa-

nies with a nifty idea that managed to get venture capital 

funding so as to soar above the fluttering flock. Many compa-

nies had stock listings shortly after their web sites went up. 

The bookseller Amazon.com started in 1994, as did Ya-

hoo!, a search engine and Web portal. 1995 saw the birth of 

the auction site eBay.  

Fed by a drastic reduction in the capital gains tax, the 

dot-com stock feeding frenzy started in 1997. Established 

companies could ratchet their stock price simply by prefixing 

an "e–" to their name or adding ".com" on the end.  

Books-a-Million, a large US bookstore chain, saw its stock 

price soar 1,000% in 1 week after announcing an updated web 

site in November 1998. 

Respected business publications like Forbes and the Wall 

Street Journal pimped new shiny nothings to a gullible pub-

lic, despite many of the firms disregard for basic financial or 

even legal principles. Miniscule companies that had never 

made any profit sported stratospheric stock prices. 

"Get large or get lost" was the wisdom of the day, so tiny 

companies flush with cash poured money into advertising. 16 

dot-com companies shelled out $2 million apiece for 30-sec-

ond spots during the 2000 Super Bowl.* By then the bubble 

was starting to burst. A year later, only 3 dot-coms ponied up 

for Super Bowl ads. 

British startup Boo.com launched in autumn of 1999, 

then tore through $188 million in 6 months in a futile at-

tempt to forge a global online fashion store. Boo went bank-

rupt in May 2000.  

The dot-com stock purge was indiscriminate. Sturdy net-

work hardware supplier Cisco saw its stock decline 86% in 

the rush for the exits. 

Amazon.com's stock went from $107 to $7 per share. A 

decade later it traded at over $500. 

 
* The Super Bowl is the annual championship game for commercial 

American football. 
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 America Online  

One of AOL's biggest assets is its brand. ~ American busi-
ness executive Tim Armstrong, CEO of AOL 

America Online (AOL) originated in 1983 and struggled 

for a decade. Then, in the mid-1990s, it caught on as a con-

sumer Internet access portal. By 1998, half of the US homes 

with computers were dialing into the Internet via AOL. 

AOL had no technological advantage, and no understand-

ing of how to advance from its success. It just happened to be 

in the right place at the right time, then went about buying 

up related properties when it could afford to. 

In 1999, AOL acquired Netscape, which made the most 

popular web browser of the time. Nothing profitable came of 

it.  

In January 2000, AOL bought Time Warner for $182 bil-

lion, forming AOL Time Warner. The hurrah of the merger 

was short-lived. 

In 2003, Time Warner scratched AOL from its name like 

it was a bad rash. 6 years later, AOL was sluffed off to fend 

for itself; leaving as its only reason for continued existence 

its brand name. 

 Yahoo!  

AOL was only the fattest dot-com company that survived 

the bubble to face inevitable decline. There were others, 

leaner but not meaner in the marketplace. 

Yahoo! was another early Web portal that lost its footing 

in much the same way that AOL did: lack of vision and sense 

of reality coupled to not having any technical edge.  

Taiwanese-born American entrepreneur Jerry Yang, 

CEO of Yahoo!, shortsightedly spurned acquisition offers by 

Microsoft after the dot-com crash, and again in early 2008 

(for $44.6 billion; a 61% premium on Yahoo's stock price at 

the time). Yahoo! had a presence in advertising services that 

Microsoft wanted.  

Yang was booted out of his post shortly after spurning 

Microsoft's generous 2008 offer, whereupon Yahoo! continued 

its drawn-out demise on its lonesome. 
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Yahoo! users and consumers were subjected to all the in-

dignities of the digital age. Their emails were illicitly snooped 

by the government and their accounts hacked. Further, any-

one who clicked on a Yahoo!-sponsored ad might be in for an 

unpleasant surprise, as those had been infected with mal-

ware. Yahoo! was less a service provider than a portal of pes-

tilence. 

Finally, in 2016, Yahoo! pulled the plug by selling itself 

to Verizon for $4.83 billion. Its last CEO, Marissa Mayer, 

having failed at the task of turning the company, threw in 

the towel. For her pains, after sucking out $161 million for 

aimlessly running the company for 4 years, Mayer walked 

away with a $57 million severance package. It was a rich 

goodbye, altogether typical of executive "golden parachutes." 

But the alternative of not selling out would have been further 

value erosion for shareholders. 

Yahoo!'s buyer, Verizon, started life as a Baby Bell when 

AT&T was insensibly broken up by the US government, ra-

ther than rationally regulate the natural monopoly. In the 

mid-2010s Verizon evolved into a high-tech scavenger with 

no business sense: buying the decaying husks of AOL and Ya-

hoo!. 

 Google  

Organize the world's information and make it universally ac-
cessible and useful. ~ Google mission statement 

Google presents a stark contrast to AOL and Yahoo!. 

Founded by computer scientists Larry Page and Sergey Brin 

when both were Ph.D. students, Google has been restlessly 

mercurial in its technological prowess, and amassed an im-

pressive portfolio of patents in the process. 

Google started in 1996 as a research project in search en-

gine technology before going commercial in 1998. The com-

pany has pulled in plentiful profits peddling advertising, but 

incessantly dabbles in many leading-edge technologies: most 

notably artificial intelligence, including driverless cars, and 

a program that expertly plays Go, a skill hitherto beyond 

computerization. Google has also grown by strategic acquisi-

tion, such as the popular video-sharing site YouTube.  
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All told, the dot-com crash wiped away $8 trillion of no-

tional wealth; $5 trillion in the US alone. Yet it had scant 

impact on economies. Awash with cash owing to loose mone-

tary policy, stock markets quickly recovered, and in the pro-

cess helped blow the bubble that resulted in the 2008 

recession. 

The competitiveness problem of the 1980s and early 1990s 
didn't really go away. It was just hidden during the bubble years 
behind a mirage of prosperity, and all the while the country's 
industrial base continued to erode. ~ American business aca-
demic Gary Pisano & American businessman Willy Shih 

 

Before continuing economic history, an interlude to intro-

duce the basic concepts behind finance, and so better under-

stand the roots of the economic malaise in which developed 

economies stewed from 2008 for several years, and which still 

affect economic dynamics. 

 Finance  

A business that makes nothing but money is a poor kind of 
business. ~ Henry Ford in 1914 

Industrialization brought the need for capital to the fore. 

In the century and a half since, making money from money 

has grown into an industry that dominates developed econo-

mies. From a historical perspective, it is as if the cart is the 

force before the horse. 

The business of corporate America is no longer business – it 

is finance. ~ American economic analyst Rana Foroohar 
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An intertwined network of financial institutions evolved 

with the expansion of transnational liquidity. Now a global 

money parade seeks speculative returns instead of invest-

ment in real assets. The quick return is prized, the steady 

cash stream spurned. 

Excess liquidity must be invested somewhere. ~ Jack Rasmus 

 

Finance evolved from accounting millennia ago: the 

tracking of goods and other assets, as well as liabilities. The 

most basic accounting equation, commonly called a balance 

sheet, balances a ledger of positive and negative economic 

value. 

Assets = Liabilities + Capital 

This equation is the basis of double-entry bookkeeping. 

For every transaction, total credits equal total debits. 

Capital is to economics what energy is to physics: the 

means for productivity. This is the broad thrust of the term 

capital as used by economists.  

For individuals, capital equates to wealth (net worth).  

For businesses, capital equals owners' equity: the owners' 

stake in an enterprise. In dissolution, capital amounts to the 

leftovers after liabilities have been taken care of. 

A liability is an obligation or debt that an economic entity 

has to an outsider. A liability in the present arose from a past 

event and is expected to be settled in the future by an eco-

nomic outflow. Liabilities represent a creditor's claim on a 

business' assets. 

An asset is an economic resource: anything, tangible or 

not, owned or controlled that has a positive economic value. 

An asset is a resource controlled by the enterprise as a result 
of past events and from which future economic benefits are ex-
pected to flow to the enterprise. ~ International Accounting 
Standards Board 

Intangible assets are nonphysical resources which pro-

vide an advantage in doing business. Goodwill/reputation 

and intellectual property, such as patents, trademarks, and 

copyrights, may be intangible assets.  
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Intangible assets are invariably illiquid: there is no quick 

or easy way to redeem their value. In recent years, investors 

have increasingly grown skeptical of intangible assets as be-

ing worth much. 

Employees, which are arguably the most valuable re-

source any company has, are not considered assets, as only 

insufficient control can be applied to corporate serfs. 

 Banking  

The process by which banks create money is so simple that 
the mind is repelled. ~ John Kenneth Galbraith 

In allocating societies' liquid resources, banks are the spe-

cial institution at the heart of capitalism. The ostensible task 

of banks is to profitably find productive uses of capital. 

Banking embodies a core contradiction: safety and risk. 

Depositors expect a safe place to stash their funds and gain 

some return for doing so. Banks must lend money out to earn 

a return: a practice with inherent peril.  

The art of banking is managing risk. It is a black art, 

whereupon its weavers often deceive themselves as to the es-

sential alchemy. History has repeatedly shown this to be so.  

A bank's decisions are all atomic: to whom to lend, 

whereas the fortune of the future is molecular: inextricably 

bound to economic reactions outside the purview of either 

lender or borrower. Capitalist economies transact in waves, 

and banks are caught in those waves, as are all who invest 

their bank loans. 

Whereas customer deposits are liabilities, a bank counts 

outstanding loans as assets. Unlike other economic institu-

tions, bank assets are only nominally under a bank's control. 

Money is created each time a loan is made. This comes 

from considering the same money to be in 2 places at once: 

the bank counting the loan as an asset, while the actual 

holder of the loaned money spends it. Banks inflate the 

money supply by lending. 

Whenever a bank makes a loan, it simultaneously creates a 
matching deposit in the borrower's bank account, thereby cre-
ating new money. Just as taking out a new loan creates money, 
the repayment of bank loans destroys money. Banks making 
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loans and consumers repaying them are the most significant 
ways in which bank deposits are created and destroyed in the 
modern economy. ~ The Bank of England 

Growing the money supply risks inflating the general 

price level, and vice versa. This is what happened in the run-

up to the 2008 recession. 

Money washed through the US economy like water rushing 
through a broken dam. ~ US Financial Crisis Inquiry Commis-
sion in 2010 

 Hyperinflation  

Historically, governments have stoked inflation by print-

ing money with no asset backing (such as gold).  

Loss of confidence that the money can be redeemed at face 

value propels hyperinflation: rapid debasement of a currency. 

Hyperinflation wipes out a currency's purchasing power.  

War presents a risk of hyperinflation as an outcome, es-

pecially for the losing side. Among the many historical exam-

ples include Confederate dollars toward the end of the US 

Civil War (1864–1965); French Assignats following the French 

Revolution (1789–1796), when the post-revolutionary govern-

ment printed money to prop itself up and finance its worth-

less wars; and the German mark following World War 1 

(1921–1924), when Germany could not repay the reparations 

debt imposed on it. 

As the first user of fiat currency, China has a long history 

of episodic hyperinflation. The Yuan Dynasty printed mas-

sive volumes of money to fund their wars. The resulting hy-

perinflation facilitated the dynasty's demise at the hands of 

a revolution. 

The Communist takeover of China in 1949 was partly an 

outgrowth of hyperinflation caused by the Republic of China 

(1912–1949), which printed yuan to finance resistance to Jap-

anese occupation, then to fight the communist insurgents 

who eventually won. The new Communist government 

staunched the hyperinflation by issuing a new currency, the 

renminbi. 
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Today, as ever, monetary dynamics are a crucial aspect of 

economic stability and growth. But this critical element is 

largely out of control. 

 Tweaking Financial Vitality  

Government financial overseers, such as the US Federal 

Reserve and UK Bank of England, once effectively controlled 

the money supply. That leverage was lost as cash became less 

important and credit financial instruments played a larger 

role in economic affairs. Now regulators are largely relegated 

to measures that only indirectly affect private financial ac-

tivity.  

Governments nudge short-term lending rates by adjust-

ing the interest rate at which depository institutions, such as 

banks and credit unions, lend reserve balances to each other 

overnight on an uncollateralized basis. This is called the fed-

eral funds rate in the US. 

The major tool used to affect the supply of reserves in the 

banking system is open-market operations: buying and sell-

ing government securities on the open market. Banks with 

more reserves have money to lend and vice versa. 

Financial regulators may also directly lend money to fi-

nancial institutions at varying rates to affect financial activ-

ity. It is a selective succoring of favored financial firms. 

Markets are routinely rigged in favor of the rich. ~ Ha-Joon 
Chang 

When credit markets are dysfunctional following a finan-

cial panic, government overseers selectively buy assets to im-

prove liquidity in credit markets and increase private 

institution reserves. This is termed quantitative easing (QE), 

and amounts to bank bailouts at taxpayer expense. QE is in-

tended to boost the volume of money in circulation, and so 

stimulate spending. Instead, it mostly lines bankers' pockets. 

Equity markets perform much better when interest rates 

are falling than when they are rising. Taking this into ac-

count, the British and American central banks cater to their 

financial markets: postponing rate increases when market 

volatility is high, for fear of causing further upset, but re-

sponding to high volatility with rate reductions if the risk of 
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overheating the economy is not obvious. This skewed attitude 

is a basic mechanism by which governments blow big finan-

cial bubbles. 

 

In letting money out, such as lending or otherwise invest-

ing, banks take risks. While banks exist to manage risk, they 

often simply stockpile it. This owes to the peculiar nature of 

bank assets, and to the continual tension between prudence 

and greed. 

While on loan, a bank's assets are employed elsewhere, 

albeit supposedly earning a return for the bank. This mone-

tary game of musical chairs is a confidence game: if the music 

of optimism stops, banks can be caught without a seat. 

One party's asset is the other's liability. But the yin-yang 

of financial accounting can be discordant. The dilemma for 

banks comes in the asymmetry of their assets and liabilities, 

which are a mirror to the balance sheets of the customers 

they serve. 

The contractual loans a bank has made cannot be in-

stantly altered, but customers can withdraw at any time. 

Thus, banking is itself risky, though that volatile tinder is lit 

only when confidence is lost. 

When confidence quickly and broadly wanes in an econ-

omy, a bank panic inevitably ensues. This often creates a 

double whammy on banks, as customers withdraw their de-

posits, and the value of a bank's riskier assets – bonds, com-

pany loans, and mortgages – drop precipitously.  

If assets fall below liabilities, a bank is bust. To forestall 

such failures, banks maintain equity: capital that optimisti-

cally offsets any asset plunge.  

Keeping capital close at hand is costly. Return on cash is 

zero. Liquid assets – like government bonds – yield a measly 

return, which is why they are so liquid: they are relatively 

risk free. 

The low return on safe assets feeds an appetite for risk. 

This sets up an ongoing tension between stability and profit-

ability, which bank managers are supposed to balance. Their 

repeated failure to do so lies at the heart of every financial 

crisis. A simple equation explains this. 
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Return on Equity (RoE) = Return on Assets (RoA) x Leverage 

where: Leverage = Assets / Equity 

The concept is straightforward. A bank increases its 

profit by increasing return on assets (RoA). Maximizing re-

turn on equity (RoE) means holding as few low-return, 'safe' 

assets as possible. 

When RoA falls for all asset classes, banks have another 

way to boost RoE: increasing leverage. This is done by placing 

more bets through lending and investing, sometimes with 

borrowed funds.  

Ramping leverage necessarily amplifies risk, as a bank 

has less equity to fall back on should it be called on to meet 

its liabilities: something which can happen on short notice. 

RoE is in the bloodstream of every banker as the bench-

mark of performance. Practically all bank senior staff are re-

warded on meeting RoE targets. This ensures maximizing 

short-term profits at the considerable expense of safety.  

In 2007, the biggest banks in America and Britain – Citi 

and the Royal Bank of Scotland (RBS) – had leverage ratios 

of 50 when the 2008 financial panic hit. RBS at the time was 

the largest bank in the world.  

A leverage ratio of 50 meant that the banks could absorb 

only $2 in losses on each $100 of assets. That was skating on 

thin ice if the volatile and risky mortgage market dropped, 

which exactly what happened in early 2008. 

 American Property Bubbles  

Crises and contagion often start in a small way and then move 
in unpredictable ways. ~ American financial analyst Chris Zac-
carelli 

The US has a long history of property manias, including 

western New York in the 1790s, Alabama 1815–1819, Chi-

cago in the 1930s to 1841, Los Angeles in the 1880s, New 

York City 1920–1933, and California in the 1970s & 1980s. 

This fits with the American spirit of speculation. 

Though "animal spirits" may animate investors during 

bubbles, booms are often consistent with reasonable beliefs 

about the future. 
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Alabama farmland was a steal until the end of the 1810s. 

Growing cotton was highly productive there, and cotton 

prices were surging on demand from British textile manufac-

turers. In 1817, Alabama acreage sold for ~$35 per acre (2012 

dollars): twice the national average for unimproved land. In 

the next year, prices nearly quadrupled to $134 per acre. 

Even at that price, land looked like a good buy given going 

cotton prices. 

Recession struck in 1819. Farm prices fell, and leveraged 

buyers went bust. A prolonged slump followed; by 1850, an 

acre of Alabama could be bought for $5. However optimism 

may have been warranted in the mid-1810s, financial car-

nage resulted in the wake of the Panic of 1819. 

A sudden recovery in European agriculture in 1817 led to 

many bankruptcies and mass unemployment. This sparked 

the Second Bank of the United States to sharply curtail loans 

in 1818, leading to the 1819 Panic. The American economy 

was moribund until 1921: the first major peacetime financial 

crisis in the country. 

The Chicago boom in the 1830s reached greater extremes 

than Alabama. At the time, access to water was critical to 

trade. In 1816, it cost as much to porter cargo 30 miles over 

land as it did to ship it across the Atlantic Ocean. Hence, land 

near key ports and shipping routes was at a premium. 

The Erie Canal led to economic booms around the Great 

Lakes. Chicago's proximity to the Mississippi River made it 

an attractive bet. 

In 1830, Chicago land could be had for $800 per acre (2012 

dollars). In 6 years, Chicago soil soared to $327,000 per acre, 

with some plots fetching a cool $1 million. 

Tightening international credit conditions led to the 

Panic of 1837. By 1841, Chicago land prices had retrenched 

to $38,000 per acre. But that was mostly a product of unpre-

dictability.  

Chicago was poised to become an illustrious metropolis: 

its prospects in the 1830s looked uniquely bright. Chicago 

prices in 1836 made sense given the defensible view that Chi-

cago land values might rise to be 1/4th of those in New York 

City. Those who bought Chicago land and held it through the 
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crash prospered over the next 2 decades: average annual re-

turns through to 1856 were ~9%. 

Unexpected good news, or a general mood of optimism, 

often births a bubble. The momentum that blows the bubble 

typically involves short-sightedness which only becomes 

clear as such in hindsight. 

Alabama's land rush rested on pricey cotton; but dear cot-

ton led to an explosion in world production. Cotton prices 

plummeted 50% between 1818 and 1820. American agricul-

tural land experienced an akin boom/bust again in the early 

20th century as wheat prices made a similar swing. 

Urban real estate is just as vulnerable as farmland. New 

York City and Chicago boomed in the early 20th century. 

Real land values leapt by over 50% in NYC during the 1920s, 

buoyed by high rents and novel high-rise building technology 

which boosted the earning potential of a single property. In-

vestors were slower to suss skyscrapers' effect on the supply 

of real estate. Erecting 50-storey buildings on just half of Chi-

cago's business district would have generated a 10-fold in-

crease in the city's 1933 square footage. In practice, it took 

much less skyscraper construction to send prices tumbling. 

The housing bubble in the 1st decade of the 21st century 

followed the same arc: suburban home prices soared despite 

America's almost unlimited capacity to build. Provoked by 

price, new supply checked the housing spike. 

 The 2008 Recession  

There appear signs of froth in some local markets where 
home prices seem to have risen to unsustainable levels. ~ US 
Federal Reserve Chairman Alan Greenspan in July 2005 

The financial crisis of 2008 was fueled by low interest 

rates, easily available credit, scant regulation, and toxic 

mortgages.  

Giving liquidity to bankers is like giving a barrel of beer to a 
drunk. You know exactly what is going to happen. You just 
don't know which wall he is going to choose. ~ English invest-
ment banker Nick Sibley 

The bubble began with George W. Bush, whose tax poli-

cies as President were a giveaway to the wealthy. 80% of the 
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$3.4 trillion in cumulative tax cuts 2001–2005 freed funds 

that flowed to investors. $2.6 trillion went into the pockets of 

those who didn't need the money. This savings glut spilled 

into the market. 

This global money parade does not seek long-term invest-
ment in real assets that actually produce things of some use, but 
rather creates short-term paper products that produce no real 
income stream or jobs, save for financial traders. ~ Jack Rasmus 

The run-up to 2008 was a replay of the savings and loan 

(S&L) bubble 2 decades earlier, with a twist of financial ma-

nipulation that made the consequences much worse, by 

fraudulently spreading the risk around. As in the S&L epi-

sode, the federal government let the bubble be blown, then 

bailed out the financial industry when it burst. 

Financial firms have become very good at generating high 
profits for themselves at the cost of creating asset bubbles whose 
unsustainability they obscure through pooling, structuring, and 
other techniques. When the bubble bursts, these firms deftly use 
their economic weight and political influence to secure rescue 
money and subsidies from the public purse, which then has to 
be refilled by the general public through tax hikes and spending 
cuts. This scenario has been repeated dozens of times all over 
the world in the last 3 decades. ~ Ha-Joon Chang in 2014 

 

Bank loans pour money into the economy. Economic the-

ory predicts judicious distribution into productive assets, as 

economic agency is assumed a rational process.  

In actuality, money flows to where returns are highest at 

presumed levels of risk amenable to a borrower. A confluence 

of greed and fear drive investment, whereas good sense only 

occasionally kibitzes from the backseat. 

From 1978 to 2007, the amount of debt held by the financial 
sector soared from $3 trillion to $36 trillion, more than doubling 
as a share of gross domestic product. ~ US Financial Crisis In-
quiry Commission 

 

The Roaring Twenties has been a reference period for 

frivolous speculation. The mood leading to 2008 was much 
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the same. But, in terms of magnitude, the 1920s had nothing 

on the 2000s bubble. Whereas debt-financed spending never 

exceeded 10% of GDP in the 1920s, it rarely fell below 20% in 

the decade before the 2008 crash. 1929 US GDP was $101 

billion. In 2007, GDP was $1,225 billion (in 1929 dollars). 

The key factor in both the Great Depression and Great 

Recession was the same: the collapse of debt-financed de-

mand. 

Housing is far bigger economically than commercial prop-

erty. Housing starts are a large chunk of the volatile bit of 

the economy. This means that changes in home investment 

have a disproportionate impact.  

Real estate is also especial sector of the economy because 

of its connection with finance. Property is debt-ridden, and so 

banking lending practices and housing activity are inextrica-

bly linked. The reason for this liaison is 2-fold: the high price 

of real property, and the fact that land, and buildings, are the 

tangible assets which ostensibly hold value, providing lend-

ers with the surest collateral. The psychological cushion that 

banks feel in lending for real estate inclines them to overin-

dulge: a facile sense of security with systemic implications. 

While property can cause crashes, the sector traditionally 

leads economies out of recession. These extremes illustrate 

the continuing connection between finance and real estate. 

US Housing 

2000 2006 

 

2002 2008 2004 

0 

 

2 

 

4 

6 

8 

million 

New housing starts 

Existing home sales 



258 Spokes 6: The Fruits of Civilization  

Into the 21st century, the bulk of lending increasingly 

went into mortgages, feeding inflation in that sector, as more 

and more money chased after modestly growing housing 

stocks. This happened in the US, UK, and much of continen-

tal Europe. $4 trillion was sunk into new American mort-

gages 2002–2006. Accelerating a trend that started in the 

late 1980s, British banks doubled the debt and money poured 

in the economy from 2000 to 2007. 
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Only 8% of the trillion pounds that UK banks created 

went to businesses outside the financial sector, which itself 

soaked up 32% of the funds. Generating money with money 

is the purest form of financial bubble blowing. 31% went to 

residential property, pushing up house prices faster than 

wages. 20% got lodged in commercial real estate. 

The conventional analysis of the mortgage crisis is that 

poor people were reckless. But it was wealthy and middle-

class house flippers and real estate moguls on the make that 

blew the bubble. When the bubble popped, affluent investors 

accounted for a disproportionate share of defaults, as they 

had scant incentive to hold onto their extra properties. By 

contrast, the share of single-mortgage borrowers who could 

not keep up with their payments barely budged. 

 

Secured loans supposedly pose less risk to a borrower, but 

that ignores the systemic hazard of an entire sector crashing; 

which is what happened. The problem was exacerbated by 

the way that the loans were managed: bundled into packages 

as mortgage-backed securities that were sold to investors 

around the world as low-risk instruments. Trillions of dollars 
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in real estate loans became embedded throughout the finan-

cial system. 

The securities were supposedly low risk owing to their be-

ing bundled. Risk of failure on any one property would have 

modest impact on the security as a whole.  

When bundling began, sellers themselves had no idea 

how risky the securities might be, as the bundling was hap-

hazard. The contents of these securities were often inscruta-

ble, as repackaging was common, ostensibly to blend the 

supposed risk of an instrument to a desired degree. 

By 2006, banks selling these securities knew that trouble 

was looming. When an analyst wrote a positive report about 

mortgage securities in April 2006, the head of due diligence 

at investment bank Goldman Sachs wrote in an email: "if 

they only knew." But they kept on peddling. 

After the bubble burst, all of the major US banks settled 

up with the federal government for the massive fraud they 

had committed. JP Morgan Chase alone ponied up $13 bil-

lion: a fraction of the lucre the bank had made in the long-

running scam.  

There was an explosion in risky subprime lending and secu-
ritization, an unsustainable rise in housing prices, widespread 
reports of egregious and predatory lending practices, dramatic 
increases in household mortgage debt, and exponential growth 
in financial firms' trading activities, unregulated derivatives, and 
short-term "repo" lending markets, among many other red flags. 
Yet there was pervasive permissiveness; little meaningful action 
was taken to quell the threats in a timely manner. 

The prime example is the Federal Reserve’s pivotal failure to 
stem the flow of toxic mortgages, which it could have done by 
setting prudent mortgage-lending standards. The Federal Re-
serve was the one entity empowered to do so and it did not.  
~ US Financial Crisis Inquiry Commission 

I was aware that the loosening of mortgage credit terms for 
subprime borrowers increased financial risk. But I believed 
then, as now, that the benefits of broadened home ownership 
are worth the risk. ~ Alan Greenspan in September 2007 

Mortgages were simply the tip of the iceberg. Consumers 

had generally gotten in over their heads in debt. 
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Household debt soared in the years leading up to the down-
turn. In advanced economies, during the 5 years preceding 
2007, the ratio of household debt to income rose by an average 
of 39 percentage points, to 138%. The concurrent boom in both 
house prices and the stock market meant that household debt 
relative to assets held broadly stable, which masked house-
holds' growing exposure to a sharp fall in asset prices. ~ IMF 

In the years leading up to the crisis, too many financial insti-
tutions, as well as too many households, borrowed to the hilt, 
leaving them vulnerable to financial distress or ruin if the value 
of their investments declined even modestly. ~ US Financial 
Crisis Inquiry Commission 

Interest has to be paid on loans. With debt rising faster 

than incomes, repayment became too much of a burden for a 

tiny minority of homeowners: they stopped repaying their 

mortgage loans in 2005–2006, setting off the crisis. 

Banks shortsightedly reacted by limiting new lending to 

households and businesses. The sudden credit crunch imme-

diately caused an economic seizure. Marginal companies 

went wobbly, laying off workers. 

As house prices declined, households saw their wealth 

shrink relative to their debt. With less income and more un-

employment, consumer-fueled economies rapidly spiraled 

downward. 

As housing prices fell, global investor demand for mort-

gage-backed securities evaporated. In July 2007, investment 

bank Bear Sterns announced that 2 of its hedge funds, which 

were heavily invested in these securities, had imploded. 

Within 2 months Bear was on its knees, having lost the trust 

necessary to do business with other banks.  

On 14 March 2008, the Federal Reserve Bank of New 

York agreed to provide a $25 billion short-term liquidity loan 

to Bear Sterns that the market was refusing. The next day 

the Fed changed its mind. 

On 16 March 2008, JP Morgan Chase bought Bear for $2 

a share: less than 7% of its market value 2 days before. In 

January 2007, before the debacle, Bear's stock price had been 

trading at $172 per share.  

8 days later, JP Morgan Chase upped its offer to $10 per 

share, to fend off a class-action lawsuit filed on behalf of Bear 
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Sterns shareholders, and to prevent former employees, many 

of whom had been compensated in Bear Sterns stock, from 

leaving for other firms. 

Begun in 1850, Lehman Brothers had grown to be the 

4th-largest American investment bank. It held a mortgage 

lender, BNC Mortgage, and was heavily vested in mortgage-

backed securities. In August 2007, Lehman shuttered BNC's 

doors. By September 2008, Lehman itself was on the ropes: 

its stock price a tiny fraction of what it had been 2 years ear-

lier. Like Bear Sterns before it, no other financial firm 

wanted to do business with Lehman Brothers. 

No buyer could be found for Lehman. British financial 

regulators vetoed Barclay Bank's bid to buy the crippled firm. 

The US Federal Reserve resisted Bank of America's request 

for government backing of its purchase. So, on September 15, 

Lehman filed for bankruptcy. This event burst the bubble. 

Stock market reaction was immediate. The Dow Jones 

closed down 4.4% that day: the largest drop since the days 

following the 11 September 2001 terrorist attacks that took 

down the World Trade Center twin towers in New York City.  

October 2008 was a bleak month for stock markets 

around the world. The Dow dropped 22% from 1 October 

through 10 October. 

To lick their wounds, banks cut lending to the bone, tip-

ping economies in most of the world into recession.  

 

Markets have become more complex, and institutions – both 
bank and non-bank entities – are now larger and connected 
more closely through a complicated set of relationships.  
~ American economist Thomas Hoenig 

No bank was unscathed by the crisis. Those most exposed 

were local and regional institutions that catered to retail cus-

tomers and offered mortgage loans. 

Those of us who have looked to the self-interest of lending 
institutions to protect shareholder's equity are in a state of 
shocked disbelief. ~ Alan Greenspan in January 2009 

Malfeasance by the financial sector was nothing to the US 

government. While Congress was fretting over scraps to help 
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victims of the fiasco, the Federal Reserve secretly provided 

$7.8 trillion in low-cost loans to the biggest banks between 

August 2007 and March 2009. Nearly 25% of the profits that 

the 6 biggest US banks turned during that period owed to 

Fed largesse. And that was just the start of the "quantitative 

easing" with which the Federal Reserve greased a trickle-

down recovery. 

In the wake of the crash, flush with proceeds from tax-

payers, behemoth banks got even bigger by buying on the 

cheap those that stumbled and were not propped up by the 

government. At the end of 2007, the 3 largest US banks – 

Bank of America, JP Morgan Chase and Citigroup – collec-

tively held 21% of all American deposits. By the end of 2008 

they had gobbled their way to 33%.  

Consolidation is a natural part of credit cycles. ~ American 
attorney Sheila Bair, head of the US Federal Deposit Insurance 
Corporation (FDIC) (2006–2011) 

Thus, the largest banks in the US and other countries re-

mained "too big to fail." In the event of another panic, the 

government would have to bail them out at taxpayer expense, 

or the country would face financial meltdown. 

The goal to end too-big-to-fail and protect the American tax-
payer by ending bailouts remains just that: only a goal.  
~ Thomas Hoenig, director of the FDIC, in 2016 

 

It was the failure to properly price risky assets that character-
ized the crisis. ~ Alan Greenspan 

Subprime loans, although only a tiny fraction of global fi-

nance, caused contagious hysteria on the world banking sys-

tem. Banks rode risk to a tremendous fall, from which 

recovery got its legs only in 2017, 9 years later. Even then, 

American wages remained low. The recovery was largely to 

businesses' benefit. 

Dramatic failures of corporate governance and risk manage-
ment at many systemically important financial institutions were 
a key cause of this crisis. ~ US Financial Crisis Inquiry Com-
mission 
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The idea that markets are self-regulating received a mortal 
blow in the recent financial crisis and should be buried once 
and for all. Markets require other social institutions to support 
them. In other words, markets do not create, regulate, stabilize, 
or sustain themselves. ~ Turkish economist Dani Rodrik 

Religious adherents of capitalism refuse to face reality. 

When markets lurch, as they regularly do, zealots point the 

finger of failure elsewhere. 

Government policies rewarded shortsighted collective risk-
taking and penalized long-term business leadership. The bank-
ing crisis should be understood more fundamentally as a gov-
ernment failure than as a market or business failure.  
~ American economist Mark Perry 

Blaming government for failing to adequately regulate 

the financial sector is rich in irony. However true it may be, 

complaining so is a damning indictment of capitalism: that 

businessmen must be constantly watched to avoid serious so-

cietal dislocation. It is the strongest-possible purely economic 

argument to abolish capitalism altogether. 

Greed is a timeless and universal component of human na-
ture, and it influences the public sphere at least as much as the 
private sector. ~ Mark Perry, who blamed "excessive govern-
ment protection of creditors" as causing the crisis.* 

Parry has a point. Money buys power in modern democ-

racies, as it has throughout history: governments are ever 

under the sway of the wealthy. 

Government policies promoting and encouraging speculative 
forms of investment since the late 1970s have contributed sig-
nificantly to the excessive concentration of income and wealth 
that has taken place over the last 3 decades – both in the US 
and globally. ~ Jack Rasmus in 2010 

 
* Perry's recommended policy solution is the free-market curative 

for egregious risk-taking: letting the entangled financial sector 

utterly implode so that it may learn its lesson. This would create 

the most severe crises imaginable, as shown by government 

inaction in the wake of bank failures at the onset of the Great 

Depression. Perry is typical of religious proponents of unfettered 

markets: studiously ignorant of history and how the financial 

industry functions. 
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However corrupt, plutocratic government is not the 

source of the problem. The ascription for greed lies with those 

who commit it, not its permissive facilitator. 

We cannot control ourselves. You have to step in and control 
Wall Street. ~ American investment banker John Mack in 2009, 
in an appeal to financial regulators 

Major financial institutions had shoddy, risky, and deceptive 
practices. Those institutions deceived their clients and deceived 
the public, and they were aided and abetted by deferential reg-
ulators and credit rating agencies who had conflicts of interest. 
~ American senator Carl Levin 

 

History has repeatedly shown capitalism to be a deeply 

flawed economic system. Cyclical problems persist and have 

only grown in severity as the finance sector has matured, mu-

tating from ersatz resource allocator to defective perpetual-

motion machine aimed at artificial profits: making money 

with money. 

Money was meant to be the neutral agent of commerce. Now 
it has become the neurotic master. ~ American economic jour-
nalist William Greider 

 

What we are witnessing, in the broadest sense, is the bank-
ruptcy of modern economics. ~ American economic journalist 
Robert Samuelson 

In the aftermath of the housing bubble, over 4 million 

American families lost their homes to foreclosure. Nearly $11 

trillion in US household notional wealth vanished. Life sav-

ings were swept away.  
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The deep recession that began in December 2007, when the 
economy began to contract, and ended in June 2009, when the 
economy began to expand again, has had a lasting effect on the 
labor market. ~ US Congressional Budget Office 

The unemployment rate in the US shot up to 25% after 

the bubble burst and took the better part of a decade to re-

cover. For young adults trying to enter the labor market, pro-

spects had not been so bleak since the Great Depression.  

Recession-plagued nation demands new bubble to invest in. 
~ satirical newspaper The Onion in 2008 

 

Financial institutions heighten risks by originating poorly un-
derwritten loans. ~ 2013 guidance from the US Comptroller of 
the Currency, Federal Reserve, and Federal Deposit Insurance 
Corporation 

Bank lending was restrained for years after the 2008 fi-

nancial meltdown, as regulations were put in place to prevent 

high-risk lending. This changed in 2017 when the Trump ad-

ministration took power and stripped away post-crisis finan-

cial rules.  

Lending surged, invigorating the economy. But all was 

not sanguine under the surface. Unconstrained, the largest 

banks indulged in leveraged loans which reaped high fees 

and thereby up-front profits. These loans were to companies 

on the edge: unable to survive without a massive financial 

infusion and likely to go under with the next downturn even 

after receiving funding.  

Over the past 35 years, these are some of the worst under-
written loans. ~ American bank examiner Timothy Long 

The big banks cut their exposure by packaging and selling 

the leveraged loans to investors – the same practice of of-

floading risk that led to the 2008 financial meltdown. 

We market them out, and it's gone. ~ American banker Brian 
Moynihan, Bank of America CEO 

Someone's going to get hurt there. ~ American banker Jamie 
Dimon, JP Morgan Chase CEO, on marketing leveraged loans 

We are in the 8th year of a 7-year credit cycle. When things 
turn, they are going to turn hard. ~ Timothy Long in early 2019 
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Throughout US history, the financial industry has played a 
major role in creating – and exploiting – economic distress.  
~ American economist Sarah Anderson et al 

Let's leave this slice of history with a couple of snapshots 

of how banks treat their customers. 

 Wells Fargo  

Wells Fargo is committed to putting our customers' interests 
first 100% of the time. ~ Wells Fargo  

For years, Wells Fargo, one of the world's largest banks, 

committed fraud on its customers in many ways. The bank 

secretly opened accounts and issued credit cards without cus-

tomer consent. Customers were unknowingly signed up for 

online banking services with fake email accounts. Victims 

only found out about sham accounts after they started accu-

mulating fees. All told, Wells Fargo opened over 3.5 million 

unauthorized bank accounts, and created nearly a million 

credit cards that went nowhere, but for which customers in-

curred charges. 

Those who took out student loans at Wells Fargo were de-

prived of the information needed to manage their accounts, 

and bilked illegal fees. The bank illicitly signed up 490,000 

auto-loan customers for insurance they didn't need. Wells 

Fargo made tens of thousands of unauthorized changes to 

mortgage contracts: extending loans by decades, thereby 

raising the interest that borrowers would have to pay. 

It was like lions hunting zebras. They would look for the 
weakest, the ones that would put up the least resistance.  
~ former Wells Fargo employee Kevin Pham 

We had customers of all ages, but the elderly ones would at 
times be targeted, because they don't ask many questions about 
fees and such. ~ former Wells Fargo employee Brandi Baker 

Wells Fargo employees felt pressured to commit immoral 

and illegal acts from the aggressive greed culture honed by 

company executives for decades. Those who played by the 

rules and failed to meet unattainable quotas were punished 

for it.  
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If you weren't willing to engage in these types of illegal prac-
tices, they just booted you out the door and replaced you.  
~ American attorney Jonathan Delshad  

Some of the deceptions were finally caught by regulators 

in 2016, and Wells Fargo fined $185 million, which is about 

how much money the bank makes in a single day. 

Wells Fargo chief John Stumpf resigned in the wake of 

sham-account scandal. Unlike the exotica of previous she-

nanigans, with their financial complexities, the misdeeds 

here were straightforward: under intense pressure from 

management to meet sales goals, employees committed 

fraud. Stumpf, who was grossly overpaid during his tenure, 

never took responsibility for the culture he had engendered.* 

In 2018–2019 Wells Fargo paid nearly $2 billion in fines 

and settlements for its misdeeds. Defrauded customers were 

not given their money back nor the damage to their credit 

reputation restored. 

 Credit Card Companies  

I asked them why my rate was so high, and they couldn't re-
ally tell me. They just give you a lot of non-answers. ~ Ameri-
can credit card consumer Kelly Dilworth discovering the profit-
gouging associated with her Discover credit card 

The 2008 financial shock knocked the wind out of the US 

economy. To put the banks back on their feet, the government 

bailed them out and kept interest rates at record lows for 

years so that shell-shocked bankers could reap their profits 

in a sedate environment. 

Feeling the need to show voters that they were not always 

spineless captives of special interests, Congress passed a law 

in 2009 that Senator Harry Reid said "stood up to abusive 

credit card companies," by restricting fees and limiting rate 

increases. To compensate, credit card companies jacked their 

interest rates to usury levels for new customers.  

Into 2016, banks borrowed funds from the Fed at less 

than 1%.† Then they turn around and charge their new credit 

 
* Stumpf's compensation was partly based upon the fraud his lead-

ership perpetrated: supposed growth that never occurred. 
† annual percentage interest rate (APR). 
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card customers 21% or more. To facilitate this extortion, most 

credit card companies do not tell applicants what their inter-

est rate will be until after a card is issued. 

Though US credit card debt climbed to $1 trillion in 2017, 

the unmitigated greed of credit card companies hurt growth 

potential. Young people are abandoning credit cards because 

of their rude rates.  

The industry is very profitable, but prospects for growth are 
dimming. ~ American credit card company research analyst 
David Robertson 

When it comes to collecting debts owed, credit card com-

panies are viciously incompetent. According to judges who 

see their lawsuits, many are filed with erroneous documents, 

incomplete records, and generic testimony.  

Roughly 90% of the credit card lawsuits are flawed and can't 
prove the person owes the debt. ~ Brooklyn civil court judge 
Noach Dear, who was overseeing 100 such cases a day in 2012 

Lenders try to collect from consumers who owe them 

nothing, so the companies tack on penalties and interest. 

JP Morgan Chase engaged in fraudulent and unlawful debt-
collection practices. ~ California Attorney General Kamala 
Harris in 2013 

Even when owed, credit card companies fail to follow 

proper legal procedures. Some falsify credit card statements. 

These are the same sorts of practices that banks pursued dur-

ing the mortgage-lending debacle and in its wake. 

 

The prevailing business culture in the banking industry 
favours dishonest behavior and undermines the honesty norm. 
~ Swiss economist Alain Cohn et al 

Fraud is no irregularity in the modern banking system. 

Instead, swindling is what financial institutions do as a mat-

ter of practice. 

In 2015, 4 global banks – JP Morgan Chase, Citicorp, Bar-

clays and Royal Bank of Scotland – pled guilty to conspiracy 

to manipulate world currencies. This was just one of innu-

merable instances where banks placed profitability above de-

cency. However stringent government regulations and 
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oversight may be, they are invariably shown to be insuffi-

cient. 

The only plausible conclusion is that capitalism is inher-

ently dysfunctional by the very greed that propels it. There 

is another heaping of proof of that shortly. But first, a survey 

of the fantastic notions propounded by economists. 

 Economists  
Economists distinguish themselves from other social scientists 

through their much better material situation, their more individ-
ualist worldviews, and in the confidence they have in their dis-
cipline's ability to fix the world's problems. ~ American 
sociologist Marion Fourcade et al 

The societal consequences of commerce have long been on 

men's minds. Polar opinions predominate. By far the common 

sentiment is that private enterprise benefits society: via a 

miraculous inversion of intent, the "invisible hand" of avarice 

is a benevolent guide to prosperity for all. 

Every individual neither intends to promote the public inter-
est, nor knows how much he is promoting it. He intends only 
his own security; and by directing that industry in such a man-
ner as its produce may be of the greatest value, he intends only 
his own gain, and he is in this, as in many other cases, led by 
an invisible hand to promote an end which was no part of his 
intention. ~ Adam Smith 

 The contrarian view, very much in the minority, takes 

stock of human nature as imminently corruptible when ma-

terialism becomes the dominant value system, and thereby 

the inversion of avarice as a means to societal well-being is a 

chimera. Instead, the rationalization of capitalism amounts 

to trickle-down economics: a regime rigged by the wealthy for 

the wealthy, albeit, perhaps, with a hardscrabble ladder of 

limited upward mobility. 

Making rich people richer doesn't make the rest of us richer. 
Trickle-down economics stumbles on its first hurdle. ~ Ha-Joon 
Chang 

A rising tide may lift most boats, but some much more 

than others, and those with holes in the hull never escape the 
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penury of dry dock. This unbalanced fleet is the seascape of 

capitalism. 

 Thomas More  

If honor were profitable, everybody would be honorable.  
~ Thomas More 

Thomas More (1478–1535) was an English 

lawyer, statesman, social philosopher, and Re-

naissance humanist. More's economics ideas 

were outlined in his satirical fiction Utopia 

(1516).  

Utopia is a narrative of a mythical island 

people: the Utopians. Utopian society was founded upon the 

principles of justice and communal effort. Utopians had abol-

ished money, and distributed goods based upon need. Utopi-

ans did not eliminate scarcity via mass production, but 

through educating Utopians to use resources wisely, and to 

limit material wants. More's Utopia was a thinly veiled ri-

poste to the economic trends of his times. 

Thomas More criticized the excesses of the rising capitalist 
and commercial classes, and their shameless exploitation of 
common workers. ~ American economist David O'Connor 

Utopia was a widely read critique not only during the 

16th century, but also inspiring to socialists and social re-

formers centuries later. The Soviet Union honored More for 

the communist attitude expressed in Utopia. 

 Adam Smith  

To feel much for others and little for ourselves; to restrain our 
selfishness and exercise our benevolent affections, constitute 
the perfection of human nature. ~ Adam Smith 

Scottish moral philosopher Adam Smith 

(1723–1790) wrote 2 classic works. The one he 

treasured most, making extensive revisions until 

his death, was the first: The Theory of Moral Sen-

timents (1759). In it, Smith sought to explain 

how morality could arise from a species renowned for its 

sense of self-interest. His answer was sympathy.  
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That we often derive sorrow from the sorrows of others, is a 
matter of fact too obvious to require any instances to prove it; 
for this sentiment, like all the other original passions of human 
nature, is by no means confined to the virtuous or the humane, 
though they perhaps may feel it with the most exquisite sensi-
bility. The greatest ruffian, the most hardened violator of the 
laws of society, is not altogether without it. 

Sympathy, therefore, does not arise so much from the view of 
the passion, as from that of the situation which excites it.  
~ Adam Smith 

In terms of Smith's legacy, Moral Sentiments sank into 

oblivion. Instead, the book that earned Adam Smith everlast-

ing fame was An Inquiry into the Nature and Causes of the 

Wealth of Nations (1776). 

Nothing in Smith's writings suggests an organic view of 

sociality. Beyond sympathy, Smith saw men as fundamen-

tally individualistic. Despite the selfish inclinations of men, 

Smith fantastically proposed that pursuing self-interest 

would be beneficial to society. 

Every individual, by pursuing his own interest, frequently pro-
motes that of the society more effectually than when he really 
intends to promote it. ~ Adam Smith 

For Smith, the vigorous pursuit self-interest would bene-

fit society via a mystical "invisible hand" which transforms 

selfishness into beneficence. The falsity of this hypothesis 

goes a long way in explaining the egregious inequities and 

environmental destruction that 'free enterprise' has wrought. 

Comprehending how such absurdity could be spouted by an 

otherwise sensible man can only be done by considering the 

context of the times. 

England had already become "a nation of shopkeepers" by 

the time Smith considered wealth. The most frequent opinion 

of contemporaneous elitist writers who toadied to the upper 

class was consternation over a rising standard of living in the 

laboring classes. An economic argument was added to the 

traditional moralistic denunciation of "luxury" as engender-

ing sin and undermining civic virtue. Rising wages would un-

dermine the will to work, as workers were presumed to favor 

leisure over laboring for extra income. 
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Smith countered the utility-of-poverty hypothesis popu-

lar with the ruling class by welcoming decent wages as "the 

liberal reward of labour." It was a moral argument couched 

in economics. 

No society can surely be flourishing and happy, of which the 
far greater part of the members are poor and miserable. ~ Adam 
Smith 

With Wealth of Nations, Smith swept away good sense in 

seeking to explain how "universal opulence" could be 

achieved by taking advantage of seemingly natural market 

mechanisms. Smith identified 2 key facets, from which all 

else flowed.  

The 1st was the propensity to trade in pursuit of self-in-

terest. Smith, not knowing the ubiquitous practice of bacteria 

exchanging gene packages, considered trade to be unique to 

humans.  

The 2nd essential facet was the division of labor, which 

might maximize productivity; as it does with colonial ants 

and bees, as well as several other gregarious animals, which 

play different roles by sex and social standing, and so better 

ensure the survival of all. 

Smith entangled the 2 facets: it was the ability to ex-

change labor and its products that engendered division of la-

bor. From there, Smith imagined how a market system, 

through the pricing mechanism, may lead to prosperity for 

all.  

The "natural price" was the lowest possible by which a 

commodity could be produced and not lose money. This con-

trasted to the "market price," which was determined by sup-

ply and demand. 

Smith figured that a market price above the natural price 

would encourage greater production, and vice versa. The 

market price was a signal to producers of the relationship be-

tween supply and demand. Through this signal production 

would adjust toward optimality. 

By Smith's sophistic reckoning, the market was the most 

efficient mechanism for channeling self-interest to promote 

well-being, for both citizens and the wealth of nations.  
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Smith was not first to suggest that commerce promoted 

"civilized" behavior. It was a commonplace belief during the 

Age of Enlightenment. But Smith was outstanding in advo-

cating that commercial society could be a force of social good-

ness: that virtuous behavior might somehow come from the 

vigorous pursuit of self-interest. This was in oxymoronic con-

trast to Smith's recognition of greed as a powerful force of 

inequity; a paradoxical self-contradiction that Smith never 

resolved. 

As soon as the land of any country has all become private 
property, the landlords, like all other men, love to reap where 
they never sowed, and demand a rent even for its natural pro-
duce. ~ Adam Smith 

Despite acknowledging the exploitative scythe of men 

who could wield it, Smith strongly argued against direct gov-

ernment involvement in the economy. He saw government as 

an essential institution only "for facilitating the commerce of 

society," by providing for defense, rule of law, and infrastruc-

ture: that which benefits society but is too unprofitable to be 

undertaken by individuals. 

Little else is requisite to carry a state to the highest degree of 
opulence from the lowest barbarism but peace, easy taxes, and 
a tolerable administration of justice: all the rest being brought 
about by the natural course of things. ~ Adam Smith 

Smith set the tone for laissez-faire capitalism that would 

long counter the moral sentiments of which he was so fond. 

People of the same trade seldom meet together, even for mer-
riment and diversion, but the conversation ends in a conspiracy 
against the publick, or in some contrivance to raise prices.  
~ Adam Smith 

The impact of Smith's Wealth of Nations is incalculable. 

More than any other economist, Smith elevated the study of 

economics into an academic discipline. Further, Smith influ-

enced the thinking of political leaders, and in doing so was 

instrumental in engendering industrial evolution, and a non-

chalant response to the ills of economic predation: the market 

system as a lesser evil. In many respects, the pillars of capi-

talism rest on the brittle and bitter foundation laid by Smith. 
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 Justus Möser  

I have also seen the world, and after long experience have 
discovered that ennui is our greatest enemy, and remunerative 
labor our most lasting friend. ~ Justus Möser 

German social theorist Justus Möser (1720–

1794) spent his career in his native town of Osna-

brück as a lawyer and jurist. 

Though not in an entirely benevolent light, 

Möser anticipated concepts behind a social mar-

ket economy, which combines private enterprise with govern-

ment regulation to ensure low unemployment, decent 

working conditions, social welfare, and public services. Such 

a coordinated market economy puts social policy on par with 

economic policy. 

Möser's concern was the well-being of the people in his 

town: at least the ones well-off. He feared that globalization 

would destroy local cultures. 

Osnabrück in Möser's time was home to 125,000 inhabit-

ants; a town covering less than 80 km2 in western Germany. 

Its economic and political institutions were medieval in 

origin, and manorialism its modus operandi. Osnabrück's in-

stitutions were being destabilized by an unfettered market 

economy. 

A uniform, standardized law was central to an economic 

regime that engendered free enterprise. Möser argued that 

such would: 

depart from the true plan of Nature, which reveals its wealth 
through its multiplicity, and would clear the path to despotism, 
which seeks to coerce all according to a few rules and so loses 
the richness that comes with variety. 

Möser was a staunch conservative, as are all who fear a 

future in flux, and so seek to preserve the present, regardless 

of social inequities. Möser argued that unfettered commerce 

was not the formula for happiness among citizens, nor social 

harmony. 

Möser's shortsighted sense of social justice was both cor-

poratist and inegalitarian. In strong support of feudalism, he 

saw virtue in knowing one's place. 



276 Spokes 6: The Fruits of Civilization  

Möser favored some economic development, as long as it 

was controlled by the government. The market became more 

appealing to Möser as it became less free. 

There was a strong mercantile streak in Möser. He ap-

plauded merchants who exported local goods and thereby en-

riched his region. 

Möser also saw that an economy which was not self-suffi-

cient could ill afford to have the government fix prices on es-

sential goods, such as grain, which could result in shortages. 

In this instance, one can rely completely on the appetite for 
gain, which is placed in all men, and not without purpose.  
~ Justus Möser 

 Thomas Malthus  

The power of population is indefinitely greater than the 
power in the earth to produce subsistence for man. ~ Thomas 
Malthus 

English cleric and scholar Thomas Malthus 

(1766–1834) became well known and influential 

for his worries over demography and its effects, 

even as his prescience was rejected by most. The 

optimism that sprang from the Age of Enlight-

enment included the pleasing notion that society 

was progressing, and, if prudently guided, was perfectible. 

Malthus rained on that parade with An Essay on the Princi-

ple of Population (1798), which argued that sooner or later 

unchecked population growth would be checked by famine 

and disease. For Malthus, there were inevitable limits to 

growth. 

That Malthus appears prescient is all the more remarka-

ble given the paucity of data he had to go on: there were no 

genuine statistics at his disposal. Nonetheless, Malthus 

made the most of the information available to him. 

One notably important influence was a published travel 

diary by English agriculturist Arthur Young, who traveled 

extensively throughout France on the eve of the French Rev-

olution (1789). Young noted the widespread poverty in the 

French countryside. 
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With 20 million people in 1700 (compared to 5 million in 

England), France was by far the most populous country in 

Europe. The French population grew steadily through the 

18th century, reaching 30 million by 1780. 

There is every reason to believe that this rapid population 

growth led to stagnation in agrarian wages and rising land 

rents, fomenting the discontent that led to the Revolution. 

Malthus, like many other Englishmen in secure positions, 

was greatly disturbed by the radical political ideas emanat-

ing from revolutionary France. To ensure that Britain did not 

suffer a similar fate, Malthus argued that all welfare assis-

tance to the poor be stopped, and that breeding by the poor 

be checked by whatever measures feasible. 

Adam Smith anticipated Malthus's concern, as did Aris-

totle. Both rejected the worry of there being any limits to 

growth.  

These riches that are derived from this art of wealth-getting 
are truly unlimited. ~ Aristotle 

The liberal reward of labour, as it is to the effect of increasing 
wealth, so it is the cause of increasing population. To complain 
of it is to lament over the necessary effect and cause of the great-
est public prosperity. ~ Adam Smith 

Though Malthus found support in some corners, opti-

mism remained the majority opinion for centuries after Mal-

thus' warning, and even to the present day, especially for 

those sycophantically bound to business.  

Technology is most often proffered as the presumed sav-

ior for a burgeoning world population, and for other ills cre-

ated by the chaos of capitalism. On this Malthus was also 

insightful. 

In prosperous times the mercantile classes often realize 
fortunes, which go far toward securing them against the future; 
but unfortunately the working classes, though they share in the 
general prosperity, do not share in it so largely as in the general 
adversity. ~ Thomas Malthus 



278 Spokes 6: The Fruits of Civilization  

 Georg Hegel  

The new want is not so much a want of those who have it 
directly but is created by those who hope to make profit from it. 
~ Georg Hegel 

Georg Wilhelm Friedrich Hegel (1770–1831) 

was a major figure in German idealism: a philo-

sophical school which posited that the proper-

ties that objects have owe entirely to their 

subjective perception. That something might be 

independent of the mind is incoherent in Ger-

man idealism. 

Hegel also considered economics, especially within the 

context of civil society and polity. Hegel thought that the in-

stitutions of society were integral to the ethics of individuals 

in that society. By constant exposure, the moral norms of the 

institutions that define society become that of the people 

within the society. 

Hegel knew that most people consider freedom as the pos-

sibility of doing whatever one liked, without institutional re-

strictions. From this perspective, institutions inherently 

impinge freedom. Freedom is essentially defined as the abil-

ity to deviate from social mores. In contrast, Hegel thought 

that men who could spontaneously act upon their natural in-

stincts were slaves to their passions: not free at all.  

Liberation from base drives transforms an individual into 

consistently performing acts that are healthy and life-affirm-

ing, and in that sense reflects a rational will. For Hegel, eth-

ical life involves reorienting biological drives by a higher self, 

which may be the product of a virtuous culture and its insti-

tutions: the replacement of one's nature by a "second nature." 

Hegel valued institutions for their potential to create a cul-

ture of ethical behavior. 

In an ethical community, it is easy to say what someone must 
do and what the duties are which he has to fulfill in order to be 
virtuous. He must simply do what is prescribed, expressly 
stated, and known to him within his situation. ~ Georg Hegel 
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In this regard Hegel mimicked Möser, though from a dis-

tict point of view. Hegel considered private property an im-

portant part of the modern state, and an expression of 

individualism. Hegel thought that governments should en-

courage the widespread ownership of property. 

His reasoning for this is not self-evident. One constant of 

Hegel's philosophy is that states of mind only stabilize when 

they are grounded in the external world: in civil society and 

institutional rules. For instance, Hegel thought that the in-

stitution of marriage, by public recognition of the state of the 

union, made sexual relationships more stable. 

Together with property, Hegel considered the market cen-

tral to civil society, as a system for the mutual satisfaction of 

wants. Those wants are not all natural; instead, they often 

reflect culture. 

Hegel approved of fashion as a quest for individual recog-

nition through consumption, and of attempts at social climb-

ing by imitating those of higher social standing through 

consumption patterns.  

To Hegel, the market created a virtuous gyre of culture. 

The desire for individuality created a never-ending cycle of 

imitation and innovation.  

As a balance, Hegel considered that peer pressure from 

interacting with society's institutions, particularly profes-

sional associations, would temper consumerism to appropri-

ate wants. Here again, Hegel struck a Möser pose, though 

again with more conceptual sophistication than Möser mus-

tered. 

Hegel thought that the pressures of competition gave 

market societies an outgoing momentum. The search for new 

markets led to trade with other cultures, and so enriched the 

possibilities for learning from others. 

While Hegel's Romantic contemporaries thought that the 

world of work and market activity was a threat to individu-

ality, Hegel thought that a man earning a living was an im-

portant way for him to get a sense of his individuality.  

Women, according to Hegel's moral conception, belonged 

economically outside of civil society. Their place was at home, 

with the family. 
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Further reflecting his Lutheran upbringing, Hegel con-

sidered humans a life form wholly distinct from the rest of 

Nature; at least where it mattered to him. 

Animals are in possession of themselves; their soul is in pos-
session of their body. But they have no right to their life, be-
cause they do not will it. ~ Georg Hegel 

Unlike Adam Smith, Hegel favored a government actively 

tempering the business cycle, countering disruption of inter-

national trade, and otherwise trying to cure the intrinsic 

problems that the market created, such as price gouging and 

guarding against fraud. (Hegel cited the instance of selling 

contaminated medicines.) 

Hegel was a formidable influence on later intellectuals. 

Karl Marx cut his philosophical teeth on Hegel before reject-

ing Hegel's bourgeois capitalism.  

Hegel's logical twists to correlate morality with govern-

ment cheered on many efforts to empower the state, even as 

he himself retained a sense of skepticism that breached con-

sistency: something which was never Hegel's long suit any-

way. 

Governments have never learned anything from history or 
acted on principles deducted from it. ~ Georg Hegel 

 David Ricardo  

Possessing utility, commodities derive their exchangeable 
value from two sources: from their scarcity, and from the quan-
tity of labour required to obtain them. ~ David Ricardo 

English political economist David Ricardo 

(1772–1823) was a businessman, politician, finan-

cier, and speculator who amassed a sizable per-

sonal fortune: more than $120 million in today's 

dollars. 

Ricardo's most notable speculative feat was 

betting on French defeat at Waterloo (1815) by buying British 

government bonds. Ricardo used insider information and a 

false market panic that he helped orchestrate to maximize 

his return. 



 Economics 281 

Ricardo's most famous work was On the Principles of Po-

litical Economy and Taxation (1817). He opens his book with 

a rough labor theory of value. 

The value of a commodity, or the quantity of any other com-
modity for which it will exchange, depends on the relative 
quantity of labour which is necessary for its production, and not 
on the greater or lesser compensation which is paid for that la-
bour. ~ David Ricardo 

Yet later in the 1st chapter of the book, Ricardo shows 

that product prices do not correspond to labor value.  

Thoughtlessly consistent with the general economic 

thinking of his day, which assumed a scarcity of resources, 

Ricardo believed that the global sum total of wealth was 

fixed. The seeming appearance of growing wealth is offset by 

price increases. This renders macroeconomic growth as a 

form of wealth distribution. 

The improvement of a manufacture in any country tends to 
alter the distribution of the precious metals amongst the nations 
of the world: it tends to increase the quantity of commodities, 
at the same time that it raises general prices in the country where 
the improvement takes place. ~ David Ricardo 

From this hokey hypothetical underpinning, Ricardo, like 

most economists in the 16th to mid-18th centuries, advocated 

mercantilism. But he put a twist to the notion, by arguing 

that countries could benefit from comparative advantage: 

profiting from trade by relative productivity. Countries 

should export what they are good at making and import what 

others do better.  

As a facilely rigorous logical thinker with apparent mas-

tery of complexity, Ricardo was highly influential. Schum-

peter called this the Ricardian vice: that rigorous logic does 

not assure apt economic theory. 

 Jean de Sismondi  

Wealth is a blessing when it spreads comfort over all classes. 
A country may be wretched, though some individuals in it are 
amassing colossal fortunes. ~ Jean Sismondi 
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Swiss writer Jean Charles Léonard de Sis-

mondi (1773–1842) had an abiding interest in 

history and economics. Sismondi, whose real 

name was Simonde, was of upper-class stock, 

and well-educated. 

Though he initially followed the doctrine of 

Adam Smith, Sismondi came to insist that economics was too 

concerned with wealth and too little concerned with happi-

ness. 

Sismondi ran counter to Ricardo by challenging the san-

guine belief that economic equilibrium offering full employ-

ment would be spontaneously achieved in a capitalist system. 

Instead, Sismondi considered capitalism as prone to periodic 

crises. This idea was further developed by French economist 

Charles Dunoyer, who conceptualized the bipolar boom/bust 

business cycle. 

In observing the contemporary industrial system in Eng-

land, Sismondi noted that unchecked competition resulted in 

overproduction and under-consumption, as manufacturers 

were unaware of the production levels of others. This forced 

reduced prices to sell surplus inventory. Lost profits were 

made up by slashing worker wages, which left laborers with-

out buying power.  

Sismondi foresaw the economic benefit of consumption-

driven demand as an engine of growth, beginning with pay-

ing decent wages. This was an unorthodox decency. 

 Henri de Saint-Simon  

Politics is the science of production. ~ Henri de 
Saint-Simon 

French social theorist Henri de Saint-Simon 

(1760–1825) inspired socialists and anarchists 

(by way of Pierre-Joseph Proudhon), and influ-

enced John Stuart Mill. While Saint-Simon's so-

cialism was utopian, his call for a "science of society" 

appealed to Karl Marx. Saint-Simon envisioned an industrial 

state directed by modern science. 
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Saint-Simon himself was inspired by The Bible, by the 

feudalism still extant in France, and by the destructive liber-

alism of the French Revolution. In his major work, New 

Christianity (1825), Saint-Simon proclaimed the world in cri-

sis as predicted in the Old Testament, which was to end with 

establishing a universal religion, world peace, and the elimi-

nation of poverty. Saint-Simon chipped away at the dogma 

which encrusted Catholicism and Protestantism and tried to 

polish Christianity to its shiny ideals, following Jesus' teach-

ings. Saint-Simon's vision was a society in which the state 

owned and administered the economy for the benefit of all. 

Equality is the natural foundation of industrial society.  
~ Henri de Saint-Simon 

 John Stuart Mill  

The general tendency of things throughout the world is to ren-

der mediocrity the ascendant power among mankind. ~ John 
Stuart Mill 

English politician, political economist, 

and philosopher John Stuart Mill (1806–

1873), like Adam Smith, favored a largely un-

fettered market. 

Mill's first-published impression of equal-

ity may be summed up by his opposition to progressive taxa-

tion, which he termed "a mild form of robbery," by penalizing 

those who, he supposed, worked harder and saved more. His 

later views took a more socialist bent: Mill even advocated a 

cooperative wage system. His ideas on taxes evolved to advise 

taking more from those who lived on "unearned" incomes as 

contrasted to those who actually worked for a living. 

It is not the fortunes which are earned, but those which are 
unearned, that it is for the public good to place under limitation. 

~ John Stuart Mill 

In contrast to Mill's evolution on income taxes, his stance 

on inheritance taxes was steady. He wanted to eliminate the 

silver spoon, so as to not give the offspring of the wealthy a 

head start. Mill went as far as wanting to tax the rich for 
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flaunting their wealth. Mill straddled 2 social worlds, in mix-

ing with the upper crust while recognizing the plight of the 

working class. 

The normal state of human beings is of struggling to get on. 

~ John Stuart Mill 

Mill's take on welfare was cautious: he feared that an 

easy dole would create generations who were weaned of the 

work ethic. Mill further worried that providing welfare pay-

ments which amounted to a living wage would promote 

higher birth rates. 

Mill was a classical liberal: a libertarian in favoring indi-

vidual freedoms, as well as minimizing government interven-

tion in business affairs, except to avoid the "certain evil" of 

excessive exploitation. He was a strong advocate of social re-

forms to help working people. Mill was the first person in the 

history of Parliament to call for giving women the right to 

vote. 

Mill advocated public education for paupers. Besides the 

3 R's (reading, writing, and arithmetic), Mill thought it good 

to inculcate capitalist values as well as moral education. 

It appears to me impossible but that the increase of intelli-
gence, of education, and of love of independence among the 
working classes, must be attended with the corresponding 
growth of the good sense which manifests itself in provident 

habits of conduct. ~ John Stuart Mill 

Mill had an idealistic streak: he yearned for an age when 

humans would care more about dignity, integrity, and justice 

than struggling to earn a living. 

I am not charmed with the ideal of life held out by those who 
think that the normal state of human beings is that of struggling 
to get on; that the trampling, crushing, elbowing, and treading 
on each other’s heels, which form the existing type of social life, 
are the most desirable lot of human kind, or anything but the 
disagreeable symptoms of one of the phases of industrial pro-
gress. ~ John Stuart Mill 

Mill decried the United States, where he thought poverty 

had been eliminated, but that "the life of one sex is devoted 

to dollar hunting, and of the other to breeding dollar hunt-

ers." 
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Mill was prescient in anticipating the environmental de-

struction and attendant decline in quality of life that capital-

ism has wrought in its quest for unlimited growth. 

If the Earth must lose that great portion of its pleasantness 
which it owes to things that the unlimited increase of wealth 
and population would extirpate from it, for the mere purpose of 
enabling it to support a larger, but not a better or a happier pop-
ulation, I sincerely hope, for the sake of posterity, that they will 
be content to be stationary, long before necessity compel them 
to it. ~ John Stuart Mill 

Mill subscribed to the Malthusian theory of population 

growth, though he was concerned only with the number of 

workers, so that they might enjoy the fruits of technological 

progress and capital accumulation, rather than falling wages 

from an oversupply of labor. By this rationale he favored 

birth control. 

 Louis Blanc  

What I call capitalism is the appropriation of capital by some 
to the exclusion of others. ~ Louis Blanc 

French politician and historian Louis Blanc 

(1811–1882) believed that competitive capitalism 

was psychologically punishing: pitting one man 

against another and driving the weaker to the 

wall. Blanc considered the first step toward a 

better society was to guarantee work for every-

one, with collective workshops financed by the state, but con-

trolled by the workers themselves. These workshops would 

gradually take over production, evolving society into a social-

ist state. 

Blanc did not believe in human equality. Unlike the in-

dustrialism of Saint-Simon and his followers, who held to 

paying workers according to performance, Blanc recognized 

the individuality of abilities and desires. 

From each according to his ability, to each according to his 
needs. ~ Louis Blanc 
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 Karl Marx  

Capitalist production develops technology, and the combin-
ing together of various processes into a social whole, only by 
sapping the original sources of all wealth: the soil and the la-
bourer. ~ Karl Marx 

Historically, Karl Marx (1818–1883) 

was a counterpoint to Adam Smith. Yet 

both started from the same base, sharing 

the obvious observation that homo eco-

nomicus is rapacious by nature. Their 

conclusions as to what to do about it were 

diametric: Smith would do nothing, 

whereas Marx advocated an equitable society. 

From each according to his abilities, to each according to his 
needs. ~ Karl Marx 

Marx was by no means the first to suggest communism. 

Earlier radicals, such as Pierre-Joseph Proudhon and the 

English Chartist movement, used language that modern-day 

readers would label Marxist. 

Dire dynamics were blossoming when Marx took his sur-

vey of conditions in the mid-19th century. There was a vast 

rural exodus owing to improved agricultural productivity and 

attendant population growth. 

Workers crowded into urban slums to suffer under the ae-

gis of nascent industrialism. Toiling long hours in harsh con-

ditions for low wages, the lifestyle of the industrial 

proletariat was a considerable ratcheting of misery from a 

peasant's life in previous generations, which had never been 

good. 

So familiar now, the economic gyre of machine-age capi-

talism got underway in earnest in England in the 1840s. 

Those with capital prospered. Industrial profits grew while 

labor incomes stagnated. No national statistics existed, but 

the bare facts were obvious to everyone. Yet the situation was 

not quite as bad as Marx painted. By the 1850s, living stand-

ards in London were clearly improving. 
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Marx's legacy is now renowned, yet he was hardly known 

in his lifetime. Contemporary John Stuart Mill, the most er-

udite economist in Marx's time, never heard of Marx. 

Capital is dead labor, which, vampire-like, lives only by suck-
ing living labor, and lives the more, the more labor it sucks.  
~ Karl Marx 

Marx's insights, such as capitalism necessarily leading to 

concentrated socioeconomic power, were too easily ignored 

because of his polemic inclinations, which rendered his work 

polar. Economists have either identified with Marx's con-

cerns or condemned them. 

The conceptual core of Marx's political-economic tome, 

Capital (Das Kapital) (1867–1894), was the "labor theory of 

value." The nut of this nutty theory was that the economic 

value of commodities corresponds with the human labor that 

goes into their production. This was an ironclad codification 

of Ricardo's earlier, and woolier, labor value theory. 

Marx's labor theory of value came from his trying to an-

swer why some commodities were more expensive than oth-

ers that were similar (such as strawberries over apples). His 

answer ignored the obvious explanation of relative desirabil-

ity: regardless of the labor involved, people prefer strawber-

ries over apples. 

The production of too many useful things results in too many 

useless people. ~ Karl Marx 

The capitalist who makes more from selling a good than 

he pays workers who produced it defines a relationship of ex-

ploitation. Marx's exploitation is what economists now call 

positive net investment. 

What is free trade? It is freedom of capital. When you have 
overthrown the few national barriers which still restrict the pro-
gress of capital, you will merely have given it complete freedom 
of action. ~ Karl Marx 

Marx's "law of value" was essentially about resource allo-

cation: using the existing classical concept of labor time as 

the metric to signify how resources were directed under cap-

italism. According to the law of value, at the macroeconomic 

scale, gross misallocations brought on economic downturns. 
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This critique of capitalism – finding the pricing mechanism 

inherently faulty – was on point, though Marx's reasoning 

was flawed. 

As Friedrich Engels, Marx's close collaborator, opined: 

The law of competition is that demand and supply always 
strive to complement each other, and therefore never do so. 
Supply always follows close on demand without ever covering 
it. It is either too big or too small, never corresponding to de-
mand; because in this unconscious condition of mankind no 
one knows how big supply or demand is. 

If demand is greater than supply, the price rises and, as a re-
sult, supply is to a certain degree stimulated. As soon as it comes 
on to the market, prices fall; and if it becomes greater than de-
mand, then the fall in prices is so significant that demand is once 
again stimulated. So it goes on unendingly – a permanently un-
healthy state of affairs – a constant alternation of overstimulation 
and collapse which precludes all advance – a state of perpetual 
fluctuation perpetually unresolved. 

This law with its constant balancing, in which whatever is lost 
here is gained there, seems to the economist marvelous. It is his 
chief glory – he cannot see enough of it and considers it in all 
its possible and impossible applications. Yet it is obvious that 
this law is a purely natural law, and not a law of the mind. It is 
a law which produces revolution. 

Engels expected revolution as the eventual result from 

workers' bitter reactions to economic depressions, which "re-

appear as regularly as the comets, and of which we have on 

the average one every 5 to 7 years." Marx felt less certain of 

this destiny. 

The fundamental Marxian objection to the fate of the 

worker under capitalism was not just that the proletariat 

were being robbed by their bosses; it was also that work 

would no longer be fulfilling.  

The division of labor under capitalism "attacks the indi-

vidual at the very roots of his life." The same methods which 

increase productivity "mutilate the labourer into a fragment 

of a man, crippled by lifelong repetition of one and the same 

trivial operation, and thus reduced." Factory assembly lines 

were to prove Marx right, as were specialized clerical office 

duties. 
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Marx's observation of workers' plight under capitalism 

was never a purely economic objection; it was instead an ex-

tension of the moral concern that Adam Smith fretted over.* 

 Neoclassical Economics  

Neoclassical economics is a term applied to modern mar-

ket-based economic theory. The term was introduced in the 

1900 article "Preconceptions of Economic Science" by Thor-

stein Veblen, who described different realms of economic 

thought, particularly those market-based as contrasted to 

more socially oriented schools, such as Marxism. 

Neoclassical economic theories dominate microeconomics 

today, while Keynesian economics rules the roost of macroe-

conomic thought.  

Neoclassical economics is founded upon a few axioms 

common to several schools of economic thought. American 

economist Roy Weintraub characterized 3 critical assump-

tions. 

1. People have rational preferences, which create identi-

fiable outcomes to which quantitative values can be assigned. 

2. Individuals maximize utility and firms maximize prof-

its. 

3. People act independently on the basis of complete rele-

vant information. 

All 3 perfect-world assumptions are hallucinations.† 

 
* Marxian economics has been misunderstood by many economists. 

Joseph Schumpeter pointed out why: "There is no point whatever 

in perusing selected bits of Marx's writing. Any economist who 

wishes to study Marx at all must resign himself to reading care-

fully the whole of Marx's economic works. Further, there is no 

point whatever in tackling Marx without preparation. Not only is 

he a difficult author but, owing to the nature of his scientific ap-

paratus, he cannot be understood without a working knowledge 

of the economics of his epoch, Ricardo in particular, and of eco-

nomic theory in general. This is all the more important because 

the necessity for it does not show on the surface."  
† Evidence for the delusionality of neoclassical economic theory is 

found within this book and Spokes 5. 
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1. Human rationality takes a back seat to emotive desire. 

Reason serves fulfilling wants and is not the master of being 

that is supposed by economists. 

2. Constraints on and conflicting goals of individuals and 

firms means that nothing is maximized. Any assumption of 

optimality is unrealistically simplistic. 

3. People act more like cattle than individualists, and 

they almost never have all relevant information before they 

act. 

Neoclassical economics emphasizes equilibria, where 

market forces provide circumstance which creates conver-

gence toward model optimality. The lynchpin mechanism for 

this is supply and demand as expressed through price. 

Herein lies the great failing of most economists: viewing 

the pricing mechanism as a static outcome of equilibrium, as 

opposed to the vacillating dynamic process which Marx and 

Engels aptly described.  

No economic analysis can be correct with such mistaken 

foundations in place, but from such naïve fantasies neoclas-

sical economics proceeds. 

 Thorstein Veblen  

It is always sound business to take any obtainable 
net gain, at any cost and at any risk to the rest of the 
community. ~ Thorstein Veblen 

American economist and sociologist Thorstein 

Veblen (1857–1929) viewed economics from a Dar-

winian perspective, including how institutions 

shape economic behavior; but Veblen was emphatic that "eco-

nomics is not an evolutionary science."  

Veblen pioneered institutional economics: economic be-

havior as a product of social institutions.  

The life of man in society, just like the life of other species, is 
a struggle for existence, and therefore it is a process of selective 
adaptation. The evolution of social structure has been a process 
of natural selection of institutions. ~ Thorstein Veblen 

Eschewing the assumptions of neoclassical economics, in-

stitutional economics explains the dynamics of capitalism 
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from a somewhat more realistic outlook: that people possess 

bounded rationality, and that commerce is affected by history 

and polity via social institutions. 

Bounded rationality encapsulates the ideas that the ra-

tionality of decisions is limited by cognitive abilities and in-

fluenced by emotion, that information is limited, and that 

decisions are typically made quickly. 

In The Theory of the Leisure Class (1899), Veblen observed 

a fundamental social bifurcation between those who work for 

a living and those who do not. The leisure class are people 

who live by means of inheritance or cunning: passive or active 

exploitation.  

The leisure class lives by the industrial community rather than 

in it. ~ Thorstein Veblen 

This distinction is ultimately rooted in the mind-set of 

economic materialism. 

So soon as the possession of property becomes the basis of 
popular esteem, it becomes also a requisite to self-respect. It 
becomes indispensable to accumulate, to acquire property, in 
order to retain one's good name. The possession of goods 
becomes a conventional basis of reputability. The possession of 
wealth becomes itself a meritorious act. Wealth is now itself 
intrinsically honourable and confers honour on its possessor.  
~ Thorstein Veblen 

Like a dog marking its spot, conspicuous consumption be-

comes the means for making an invidious distinction based 

upon pecuniary position. Veblen noted the refined snobbery 

of old money vis-à-vis the nouveau riche. 

As wealth accumulates, the leisure class develops further in 
function and structure, and there arises a differentiation within 
the class. There is a more or less elaborate system of rank and 
grades. This differentiation is furthered by the inheritance of 
wealth and the consequent inheritance of gentility. ~ Thorstein 
Veblen 

Veblen found materialism infecting every facet of mental 

life, from political preference to the conception of divinity. 

Wealth is now itself intrinsically honorable and confers honor 
on its possessor. 
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Conservatism of the wealthy class is so obvious a feature that 
it has even come to be recognised as a mark of respectability. 
Since conservatism is a characteristic of the wealthier and there-
fore more reputable portion of the community, it has acquired 
a certain honorific or decorative value. 

The canons of pecuniary reputability materially affect our no-
tions of the attributes of divinity, as well as our notions of what 
are the fit and adequate manner and circumstances of divine 
communion. It is felt that the divinity must be of a peculiarly 
serene and leisurely habit of life. ~ Thorstein Veblen 

 Joseph Schumpeter  

Economic progress, in capitalist society, means turmoil.  
~ Joseph Schumpeter 

Austrian economist and political scientist 

Joseph Schumpeter (1883–1950) was one of the 

most influential economists of the 20th century. 

Schumpeter is best known for his notion of 

"creative destruction": that capitalism was an 

economic evolutionary gyre that offered 

continual innovation by creatively replacing the old with the 

new. To Schumpeter, cyclical booms and busts were an 

inevitable part of capitalist development; to be tempered 

perhaps, but also accepted. 

Schumpeter believed that stagnation resulted if creative 

destruction was thwarted. To Schumpeter, the Great Depres-

sion came from a combination of taxes on the wealthy and 

corporate profits that laid the economy low by stifling invest-

ment and innovation. Schumpeter indulged in revisionist his-

tory of the worst sort. 

Schumpeter was an economic Nietzsche. Schumpeter's 

Übermensch was the entrepreneur. To Schumpeter, the 

brave and creative few were responsible for the economic 

well-being of workers and society in general. Schumpeter 

turned the labor theory of value upside down and shook it, 

whereby finding the only the coins of worth to fall out were 

those minted by a gambler's courage, not hard work.  
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Entrepreneurial profit is the expression of the value of what 
the entrepreneur contributes to production. ~ Joseph Schum-
peter 

Schumpeter was not the first to take up the theme that 

creative leadership was central to capitalism's success. Lib-

eral European thought from the late 19th century into the 

1920s emphasized the significance of elites, with an eye to 

explaining why those of superior ability were able to rise and 

exert social influence – and, of course, to congratulate the 

elite as superior. 

English novelist and economics writer William Mallock 

wrote a string of books in the late 19th century, arguing that 

the material progress of the majority depended upon a tiny 

number of talented elite. By this, economic inequality was 

desirable. Schumpeter sorely approved of Mallock, "who was 

never recognized by the economics profession and seems to 

be entirely forgotten now, perhaps because he had the cour-

age to tell unpopular truth." 

In contrast, Schumpeter thought Adam Smith was misled 

by his egalitarian assumptions, thereby underestimating the 

importance of superior individuals in fueling economic pro-

gress. Supply and demand, which had carried currency with 

economists since Smith, missed the essential element of cap-

italism: dynamic transformation via the efforts of entrepre-

neurs. 

Schumpeter distinguished the entrepreneur from the pro-

vider of capital, inventor, and manager. For Schumpeter, the 

role of the entrepreneur came in introducing economic inno-

vation. Such innovation took various forms: introducing new 

or improved commodities, finding new markets and new 

methods of production and distribution, and introducing new 

economic organizations. It took "the creative and dominating 

force of a leader" to break the routine habits of economic life. 

Schumpeter's influence can be attributed to his singing a 

siren song to the business elite and their sycophantic admir-

ers in economics, government, and the press. 
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 John Maynard Keynes  

Economics is a very dangerous science. ~ John Maynard 
Keynes 

English macroeconomist John Maynard 

Keynes (1883–1946) studied business cycles. 

Keynes' fame came in the 1930s, in prescribing 

a cure for the Great Depression, which was to 

artificially stimulate the economy. 

According to neoclassical economics, a free 

market economy would fairly quickly set itself right from a 

recessionary phase in the business cycle, and provide full em-

ployment as long as workers were willing to take whatever 

wages the market was dishing out at the time.  

Speculators may do no harm as bubbles on a steady stream 
of enterprise. But the position is serious when enterprise be-
comes the bubble on a whirlpool of speculation. When the cap-
ital development of a country becomes a by-product of the 
activities of a casino, the job is likely to be ill-done. Markets can 
remain irrational longer than you can remain solvent. ~ John 
Maynard Keynes 

In the grip of unrelenting depression, Keynes argued that 

aggregate demand determined the overall level of economic 

activity, and that sluggish demand could produce prolonged 

periods of high unemployment. 

Capitalism is the extraordinary belief that the nastiest of men 
for the nastiest of motives will somehow work for the benefit of 
all. ~ John Maynard Keynes 

Keynes found a welcome reception from politicians who 

were desperate to do something to battle mass penury. It 

helped that Keynes was advising as supposed science what 

politicians were inclined to do anyway: avoid revolution by 

putting people to work. 

Keynes thought that the high level of interest rates kept 

the depression going. The problem was that the wealthy pre-

ferred to hoard money rather than invest it. Keynes termed 

this the marginal propensity to save. 

The depression created what Keynes called the "paradox 

of thrift." 



 Economics 295 

In contemporary conditions the growth of wealth, so far from 
being dependent on the abstinence of the rich, as is commonly 
supposed, is more likely to be impeded by it. ~ John Maynard 
Keynes 

For Keynes, the paradox of thrift created a need for "cen-

tral controls to bring about an adjustment between the pro-

pensity to consume and the inducement to invest." 

Keynes did not intend for "central controls" to be a step to 

socialism. Keynes was a liberal who favored individual lib-

erty in economic life as much as practicable.  

I find myself more and more relying for a solution of our prob-
lems on the invisible hand, which I tried to eject from economic 
thinking 20 years ago. ~ John Maynard Keynes 

Besides lower interest rates, Keynes' big-ticket solution 

for the depression dilemma was to ratchet up aggregate de-

mand by government spending. This essentially meant print-

ing money. 

 

As the United States, Britain, and other industrialized 

countries were ostensibly on the gold standard, they were 

limited in their ability to contrive lucre out of thin air. That 

withstanding, governments generally understood so little 

that measures to counter the Depression were often counter-

productive. In the US, stifling trade, keeping interest rates 

high, and contracting the money supply were especially help-

ful in strangling recovery prospects. 

Despite the political interventions during the 1930s, only 

the 2nd World War effectively ended the Great Depression. 

After that, Keynesian notions concerning fiscal policy were 

generally followed by the governments of industrialized na-

tions. 

Enthusiasm for Keynesian salves waned in the 1970s, as 

economists became pessimistic about the government's abil-

ity to regulate the business cycle through fiscal policy. Milton 

Friedman and other monetarists thought they had a distinct 

point of view, even though it was not much different from 

what Keynes proclaimed. Friedman and others argued that 

governments could fine-tune the economy by tinkering with 
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interest rates and the money supply. Oh, and during a reces-

sion, print money to stimulate demand. 

 Irving Fisher  

Irving Fisher is the greatest economist the United States has 
ever produced. ~ Milton Friedman 

American mathematical economist Irving 

Fisher (1867–1947) inaugurated the macroeco-

nomic school of thought of monetarism with his 

"quantity theory of money," which postulated 

that the aggregate price level of an economy is 

directly correlated to the money supply. Accord-

ing to this notion, for instance, putting more 

money in circulation leads to a proportional rise in the price 

of goods. 

Monetarism is a macroeconomic school of thought that 

emphasizes the importance of the finance in regulating the 

vitality of the economy. 

Fisher thought that the value of goods had a time as well 

as quantity dimension. He considered the market interest 

rate as a measure of that time value, in the relative price of 

goods via deferred consumption: goods available at a future 

date for not being consumed at present. 

 Supply-and-demand determination of the interest rate means 
that its level is determined by interaction between (1) people's 
impatience to consume now rather than accumulate more cap-
ital goods for future consumption (perhaps in old-age retirement 
or for the proverbial rainy day); and (2) investment opportuni-
ties that exist to procure higher or lower net productivities from 
such capital accumulated. ~ Irving Fisher 

Economists consider the market interest rate as having 2 

functions: 1) inducement to savings or consumption, depend-

ing upon its level, and 2) rationing out society's scarce capital 

stock to the most productive activities (there has always been 

the wildly optimistic faith that the market systems' "invisible 

hand" was ever efficient).  



 Economics 297 

In actuality, people borrow money because they want 

something they cannot afford. An interest rate merely sets 

the calculated threshold of desperation that must be felt to 

obtain the principal amount. Economists' theoretical noo-

dling about interest rates is hogwash.  

Fisher viewed investors as professionally rational. That 

view was put to the test in his time, at the onset of the most 

melodramatic episode in post-industrial economic history. 

Fisher’s publicly announced a few days before the stock 

market crash of 1929 that "stock prices have reached what 

looks like a permanently high plateau." Following the initial 

lurch downward, Fisher figured that the market was "only 

shaking out of the lunatic fringe," and that stock prices had 

still not caught up with their real value and should go much 

higher.  

For months after the crash, Fisher continued to reassure 

that recovery was just around the corner. The walk around 

Fisher’s corner turned out to be a long one: the stock market 

did not recover from its late 1920s highs for 30 years. 

 Friedrich Hayek  

I regard the preservation of the capitalist system, of the system 
of free markets and the private ownership of the means of pro-
duction, as an essential condition of the very survival of man-
kind. ~ Friedrich Hayek 

Austrian economist Friedrich Hayek (1899–

1992) was a cheerleader for capitalism. His 1944 

book The Road to Serfdom was an influential de-

fense of laissez-faire. Hayek is exemplary of 

many economists in treating economics as a reli-

gion of conviction, abandoning any pretense of 

economics as a science. British Prime Minister Margaret 

Thatcher was a staunch believer in Hayek's ministry, as was 

US President Ronald Reagan, who cited Hayek as strongly 

influencing his political philosophy. 
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The idea of social justice is that the state should treat different 
people unequally in order to make them equal. ~ Friedrich 
Hayek* 

 Ronald Coase  

English economist Ronald Coase (1910–2013) 

is best known for his ideas on 2 subjects: the 

economic nature of companies, and the problem 

of externalities, which Coase thought could be 

cured by well-defined property rights.  

 The Nature of the Firm  

Outside the firm, price movements direct production, which 
is coordinated through a series of exchange transactions on the 
market. Within a firm, these market transactions are eliminated 
and in place of the complicated market structure with exchange 
transactions is substituted the entrepreneur/coordinator, who di-
rects production. The main reason why it is profitable to estab-
lish a firm would seem to be that there is a cost of using the 
price mechanism. ~ Ronald Coase 

In his 1937 article "The Nature of the Firm," Coase con-

cocted that the reason companies exist was to mitigate pesky 

transaction costs, a supposed flaw in the wondrous price-set-

ting market mechanism. A transaction cost is the expendi-

ture involved in completing a sale. 

Coase set out to explain why some goods and services are 

bought and sold, thus presumably guiding the economy to op-

timal resource allocation, whereas portions of the economy 

are subsumed into an organizational matrix – a firm – which 

doles out resources of every sort by management fiat. His an-

swer was that transaction costs, such as drawing up con-

tracts for the quality and performance of each task output, 

meant that it was cheaper and easier to forego the market 

mechanism. 

 
* Here we have a beautiful example of the framing effect: distorting 

actuality by framing it in certain terms, as contrasted to holistic 

comprehension. 
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In actuality, Coase's trivial hypothesis aside, companies 

exist out of the sheer necessity for teamwork, and the benefit 

of specialization. Coordinating work efforts for advantage, 

using division of labor, dates at least as far back as bacteria 

colonies (biofilms), over 3 billion years ago. 

For a multi-faceted project or an ongoing business con-

cern of any complexity, the most expeditious method is to co-

ordinate people to perform well all the requisite tasks, where 

each person has a task-based role to play, and experienced 

expertise in fulfilling that role.  

There are considerable efficiencies in having a methodical 

system for doing things, with people familiar with the differ-

ent tasks needed to get a job done and knowing who to go to 

for help (coordination) – which is why experienced workers 

are highly valued. 

All this rather obvious sociology is a bit much to be stuffed 

into the concept of transaction cost; which is to say that 

Coase's analysis was utterly academic, and incidental to why 

firms exist. 

 Externalities  

If we assume that the harmful effect of pollution is that it kills 
fish, the question to be decided is: is the value of the fish lost 
greater or less than the value of the product which the contam-
ination of the stream makes possible. It goes almost without say-
ing that this problem has to be looked at in total and at the 
margin. ~ Ronald Coase 

In "The Problem of Social Cost," (1960) Coase considered 

externalities: unintended byproducts of production. Coase 

again lassoed transaction cost as hidden contributor. 

In the instance of an externality, conventional thinking 

had been that government was necessary to provide the nec-

essary augmented signal to the price mechanism. A tax on 

pollution would internalize the cost of fouling the environ-

ment, and so prod a producer to clean up his act; or so the 

happy hypothesis went. 

Coase instead suggested that, without transaction costs, 

no government intervention would be needed to address ex-

ternalities: polluters and the people affected could work out 
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whatever needed to be done by bargaining. This Panglossian 

perspective became known as the Coase theorem. 

Coase recognized that neither tax nor bargaining could 

deliver optimality. Facilely accepting that pollution was an 

identifiable cost, Coase proposed that the government could 

cure the externalities problem by creating clear, transferable 

property rights: in this instance, the purchasable right to foul 

the environment.  

From this obscene analysis came tradable emissions per-

mits for air pollution. An artifice like a pollution market 

could only work if governments properly set the issue of mar-

ket permits and their cost to levels that expressly limit the 

externality to the desired degree.  

There should be little surprise in discovering that this 

sort of economic finesse is beyond the ken of bureaucrats. Af-

ter a decade of dodgy trades at the beginning of the 21st cen-

tury, Europe’s flagship environmental externalities program 

– the Emissions Trading System – utterly broke down.  

Further, this whole conceptual trading scheme forgets 

that pollution is generally more environmentally destructive 

than anyone but environmentalists are willing to admit. So 

little is appreciated about the subtleties of the web of life, 

even by biologists.  

Agriculture, manufacturing, mining, and fossil fuel pro-

duction egregiously pollute freshwater supplies. Industrially 

polluting freshwater destroys it from ever being potable 

again, at any cost. Since freshwater is a limited, nonrenewa-

ble resource, and the pricing mechanism only captures the 

cost of its supply, not its exhaustion cost, a sensible trading 

system to pollute freshwater is impossible.  

With freshwater scarcity becoming an increasing problem 

in much of the world, no one is suggesting a trading scheme 

for fouling water supplies. Yet, under Coase's imagining, this 

is exactly what would solve the problem of water shortages. 

The same applies to fertile soil as freshwater. It can take 

centuries for exhausted soil to recover its fertility. Obviously, 

there have been long-standing property rights and trading 

systems for real estate. The problem of infertile soil has re-

peatedly been temporarily solved only by expanding supply, 

which is deforestation.  
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Clearly, Coase's theorem was ridiculous in suggesting a 

theoretical mechanism which has no practicable application. 

 

To corporate businessmen and government bureaucrats, 

business as usual is the only mantra. The immediate demand 

for quarterly profits and tax revenues obscure, if not oblite-

rate, longer-term regard. CEOs and politicians have to con-

tinually deliver to their constituencies or face discharge. 

More generally, governments don't much care. All extant 

governments are plutocratic by nature: identifying with the 

wealthy who endorse sovereign debt by purchasing it. With-

out the outrageously rich, governments could not indulge 

their habitual deficits; hence, tax breaks for the upper crust 

that a government can ill afford has a perverse logic to it.  

Putting a crimp on production rubs the fur of polity the 

wrong way practically everywhere. Business and govern-

ments do their best to ignore pollution, and other externali-

ties, until the consequences become lethal in large numbers, 

or, at the least, threaten revolt by the masses. 

 Milton Friedman  

The problem of social organization is how to set up an ar-
rangement under which greed will do the least harm. Capitalism 
is that kind of a system. ~ Milton Friedman 

American economist and statistician Mil-

ton Friedman (1912–2006) was only 2nd to 

Keynes in influence among 20th-century 

economists. He first came to prominence in 

the 1950s by opposing Keynesian governmen-

tal fiscal policies. 

From 1946, Friedman taught economic theory at the Uni-

versity of Chicago. The Chicago school of economics, led by 

Friedman, became an influential neoclassical school of 

thought. 

In the 1960s, Friedman developed his own macroeco-

nomic mind-set, known as monetarism. As contrasted to 

Keynesian tugging at fiscal levers via government largesse, 

monetarism emphasizes monkeying with the money supply 
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to manipulate growth. There was a large helping of irony to 

this considering Friedman's disdain for government. 

The government solution to a problem is usually as bad as the 

problem. ~ Milton Friedman 

Though Friedman opposed the existence of the Federal 

Reserve, since it was there, he wanted it to steadily inflate 

the money supply. This trickery was his suggestion for sus-

taining growth, though there is no reason to think that it 

would work. By Friedman's own observation, his guidance for 

the government to fabricate lucre should be nothing more 

than a formula for inflation.  

Inflation is always and everywhere a monetary phenomenon. 
~ Milton Friedman 

Friedman believed that there was some "natural" rate of 

unemployment. Trying to increase employment beyond this 

by ramping aggregate demand through government spending 

would only risk accelerating inflation. Friedman's heartless 

solution was to let those without work stew in their destitu-

tion. 

The black market was a way of getting around government 
controls. It was a way of enabling the free market to work. It was 
a way of opening up, enabling people. ~ Milton Friedman 

Friedman seemed unaware of the predations of free en-

terprise, of its unending track record of exploitation, both in-

humane and environmentally destructive. Friedman took 

greed as a given; innate rather than a product of upbringing.  

Is there some society you know of that doesn't run on greed? 

What is greed? ~ Milton Friedman 

Friedman convinced himself that the US government cre-

ated the Great Depression. 

Far from the Depression being a failure of the free-enterprise 
system, it was a tragic failure of government. ~ Milton Fried-
man 

Friedman seemed unaware of the innumerable financial 

crises created by the capitalist system in modern times. Bank 
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panics are not a government creation, nor was the Great De-

pression. However inadequate or ill-advised governmental 

reaction, free enterprise tripped the fall. 

Friedman's legacy loomed large in the government's re-

sponse to the 2007–2008 global financial panic, when the US 

government showered the financial institutions that had 

caused the collapse with money. The normal consequence of 

massive inflation from printing money was only deterred, at 

least temporarily, by the dollar still being the best invest-

ment bet, as the Euro was swirling the rim, fearing a fatal 

flush; and there was no good way to invest in China's growth, 

as its currency was largely inconvertible. 

So that the record of history is absolutely crystal clear. That 
there is no alternative way, so far discovered, of improving the 
lot of the ordinary people that can hold a candle to the produc-
tive activities that are unleashed by a free enterprise system.  
~ Milton Friedman 

Friedman's citation of history belied ignorance. For their 

level of technology, the Pharaohs of ancient Egypt were as 

productive as free enterprise: enslaving the masses and feed-

ing them beer did wonders. In historical perspective, the dyn-

asties of ancient China were as innovative as modern 

civilization. 

The greatest advances of civilization, whether in architecture 
or painting, in science and literature, in industry or agriculture, 
have never come from centralized government. ~ Milton Fried-
man 

The historical successes of command economies world-

wide belied Friedman's assertion. Dynastic China, imperial 

Rome, and the courts of feudal Europe produced stunning art 

and architecture by fiat. 

The cultural art forms associated with feudal Japan were 

cultivated and developed to their apex when political power 

was most centralized, under the Tokugawa Shogunate (1603–

1868). Art and science flourish under stability, regardless of 

polity or economic system. 

The potent concentration of wealth under modern capital-

ism must be considered in historical context. The well-being 

of ordinary people has always been a matter of plutocracy or 
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its relative absence. That is the only aspect of governance 

that makes any economic difference, not its ostensible form – 

whether democratic, autocratic, or otherwise. 

Under a market system, the only creed is that of greed: 

get as much as you can however you can. As Friedman's 

mind-set exemplifies, capitalism abstracts away any moral-

ity associated with poverty: as if workers fight to make ends 

meet by choice and the wealthy have a divine or Darwinist 

right to their station. Friedman ignored the central fact of 

capitalism: that ownership of capital is the rigging of a rigged 

system. 

For Friedman, growth was an unmitigated good. The 

market symbolized freedom, which was an unalloyed virtue. 

As with many economists, Friedman let idiotic abstractions 

rule his conception of how and why most people should un-

duly struggle to survive while a select few idly indulge them-

selves. 

Underlying most arguments against the free market is a lack 
of belief in freedom itself. ~ Milton Friedman 

 John Kenneth Galbraith  

Under capitalism, man exploits man. Under communism, it's 
just the opposite. ~ John Kenneth Galbraith 

Canadian American political economist and 

public servant John Kenneth Galbraith (1908–

2006) was an advocate of American liberalism: 

politically enforced social equality and a mixed 

economy. A mixed economy typically has a heav-

ily regulated private sector and considerable 

governmental provision of public goods.  

The great dialectic in our time is not between capital and la-
bor; it is between economic enterprise and the state. ~ John 
Kenneth Galbraith 

Galbraith rejected as unrealistic the technical analysis 

and mathematical modeling that characterized neoclassical 

economics. Like Veblen, Galbraith believed that economic ac-

tivity reflects the cultural and political milieu of its time: an 
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obvious conclusion from economic history that nonetheless 

has repeatedly been underappreciated by economic theorists. 

The conspicuously wealthy turn up urging the character-
building values of the privation of the poor. ~ John Kenneth 
Galbraith 

 Paul Samuelson  

The existence of analogies between central features of various 
theories implies the existence of a general theory which under-
lies the particular theories and unifies them with respect to those 
central features. ~ Paul Samuelson 

American economist Paul Samuelson (1915–

2009) was one of the most influential economists 

of the 20th century. He broadly took a Keynes-

ian perspective, adapting it as he saw fit. 

Samuelson's magnum opus was Founda-

tions of Economic Analysis (1947). The book 

sought a common mathematical structure underlying all of 

economics, posited upon 2 basic principles: 1) the maximizing 

behavior of economic agents, such as consumers maximizing 

utility and firms maximizing profits; and 2) the stability of 

equilibrium in economic systems (in stark contrast to Schum-

peter's treatment of economies as gyres).  

Foundations was a triumph of tidy mathematical theory 

over messy reality. The modern capitalist economic system 

has done everything but ever reach a stable equilibrium, and 

the idea of agent maximization is a tangential parody to how 

people and businesses actually operate. Bizarrely, given his 

premise, Samuelson admitted as much. 

Free markets do not stabilize themselves. ~ Paul Samuelson 

Foundations is a tough read for those lacking a graduate-

level appreciation of economics. Samuelson is best known for 

his college-level Economics textbook, first published in 1948, 

and which eventually sold over 4 million copies.  

Samuelson admitted that "under laissez-faire, income 

and wealth get distributed far from equally." His solution 

was correspondent with conventional liberal thinking: to 
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tinker at the edges, by having welfare programs and a tax 

regime that alleviates poverty. 

In considering the externalities that arise under capital-

ist production, Samuelson again prescribed an atomistic ap-

proach. 

Since no one profit maker has the incentive, or indeed the 
power, to solve problems involving "externalities," here is a 
clear case for some kind of public intervention. ~ Paul Samu-
elson 

Like many other capitalist economists, Samuelson was in 

thrall of the mystical market mechanism. 

A competitive system is an elaborate mechanism for uncon-
scious coordination through a system of prices and markets. It 
is a communication device for pooling the knowledge and ac-
tions of millions of diverse individuals. Without a central intel-
ligence, it solves one of the most complex problems imaginable, 
involving thousands of unknown variables and relations.  
~ Paul Samuelson* 

 E.F. Schumacher  

The cultivation and expansion of needs is the antithesis of 
wisdom. ~ E.F. Schumacher 

German-born British economist E.F. Schu-

macher (1911–1977) was a man who appreciated 

proportion. Schumacher understood that there 

are limits to growth in a world with finite re-

sources and knew the psychological need for 

people to live productive lives. In Small Is 

Beautiful (1973), Schumacher argued that capitalism deliv-

ered higher living standards at the cost of deteriorating cul-

ture. His writings ran counter to mainstream opinion, which 

celebrated economic growth, economies of scale, and techno-

logical advance. Schumacher advocated economic self-suffi-

ciency for developing countries, and the application of 

appropriate, not necessarily advanced, technology.  

 
* Here again we see storytelling instead of science: economics as a 

propaganda art form. 
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Production from local resources for local needs is the most 

rational way of economic life. ~ E.F. Schumacher  

 Alfred E. Kahn  

Whenever competition is feasible, it is, for all its imperfec-
tions, superior to regulation as a means of serving the public 
interest. ~ Alfred E. Kahn  

American economist Alfred E. Kahn (1917–

2010) was a staunch advocate of deregulating 

utilities and other industries that historically 

had been regulated, owing to their being a nat-

ural monopoly or necessarily using publicly 

shared (common) resources.  

 Natural Monopolies  

A natural monopoly is an industry where redundancy is 

wasteful, or otherwise a single entity providing a service or 

product is socioeconomically rational. Laying multiple elec-

trical transmission cables for more than one electricity pro-

vider is exemplary. Likewise railways, where the redundancy 

of multiple systems is a waste of land, labor, and capital. 

A positive network effect can be another example of nat-

ural monopoly efficiency. With a network effect, the value of 

a good or service is affected by how many consumers there 

are of it. Social networks of all sorts, including stock markets 

and dating services, have a positive network effect: the more 

people involved, the more opportunities exist. 

Negative network effects also exist; most notably in the 

form of congestion, as with traffic or any shared resource that 

has limited throughput. 

A commons is a natural or cultural resource that is acces-

sible to all. Nature in its entirety is a commons: only the so-

cial artifice of private property creates uncommons. 

Natural monopolies can also arise from commons. Wire-

less transmission relies upon the employment of a specific set 

of frequencies. Whoever obtains exclusive rights to band-

widths has the advantage of a monopoly for transceivers, 

such as cell phones. 
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Natural monopolies that provide infrastructure entangle 

the inexorable efficiencies of avoiding redundancy and exces-

sive exploitation of commons. Allowing competition in a sec-

tor characterized by natural monopoly is a wasteful folly. 

 

In The Economics of Regulation (1970), Kahn made his 

case for free-market choice. His lynchpin argument lay with 

marginal cost. 

Marginal cost is the cost of producing one more unit; it can 
equally be envisaged as the cost that would be saved by pro-
ducing one less unit. ~ Alfred E. Kahn 

Kahn illogically interpreted marginal cost as providing 

the best valuation of whether more or less of something was 

worthwhile. 

At any given time, every economy has a fixed bundle of pro-
ductive resources, a finite total potential productive capacity. 
The basic economic problem, in short, is the problem of choice. 
The cost to society is ipso facto a decision to produce less of all 
other goods and services. "Cost" is opportunity cost – the alter-
natives that must be foregone. ~ Alfred E. Kahn 

Kahn coupling marginal cost with "choice" is nothing 

more than a spurious association of orthogonal abstractions: 

economic theory as a vacuous semantic philosophy involving 

a fallacy of relevance.  

A logical fallacy is of relevance when an argument relies 

upon premises not pertinent to the conclusion. Kahn's obser-

vations about finite resources and economic choices (the 

premises) do not lead to the conclusion that marginal produc-

tion cost – what it takes to produce an extra unit of output – 

is an opportunity cost. Trying to relate the 2 concepts is an 

apples-and-oranges comparison. 

Kahn construed marginal production cost as an oppor-

tunity cost of an alternative foregone. Though the word cost 

is shared by both terms, the different concepts represented 

are not related. For instance, not making an extra unit of 

steel does not mean that you can have more strawberries. 
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Despite lip service to the contrary, Kahn seemed heedless 

of the nature of natural monopolies, particularly with regard 

to the inevitable waste of competition in such industries. 

Kahn simply thought that an unfettered market could be a 

better regulator than bureaucrats. His thinking was confined 

to the logistical; not holistic in a socioeconomic sense of out-

comes.  

To Kahn, the root problem of regulation came in deter-

mining how valuable resources are. Based upon fallacious 

reasoning, Kahn imagined the market mechanism more 

adept. 

The central policy prescription of microeconomics is the 
equation of price and marginal cost. ~ Alfred E. Kahn 

Kahn got his chance to put his ideas into practice when 

he was appointed to head the US Civil Aeronautics Board in 

1977 by President Jimmy Carter. Kahn knew little of the 

post, nor did he want it. 

 

From the 1930s, American airlines had been regulated to 

the hilt, as they were in other countries. Prices, routes, sched-

ules, and profits were all fixed. Airlines could only compete 

on the number of flights and meals they served. Planes typi-

cally flew half full. But the airline business was still predict-

ably profitable, as government regulators were sympathetic 

to their airlines out of national pride. Airlines were suffi-

ciently flush to continually invest in more fuel-efficient air-

craft, which allowed fares to drop over time. As it turned out, 

prices actually dropped at a faster rate in the decades before 

deregulation than afterward. 

 

Once installed, Kahn immediately went about deregulat-

ing the airline industry. Fearing a much different future, air-

line executives, pilots, and unions resisted removing the 

rules.  

Kahn himself had no idea what would happen when he 

took off the leash, other than he expected prices to fall, as the 
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country was experiencing severe inflation at the time. Kahn 

cavalierly cut it all loose anyway. 

The wave of mergers, predations, and bankruptcies that 

followed in the wake shocked Kahn, demonstrating his igno-

rance of business. Blinded by boosterism, academic econo-

mists have hardly ever understood the cutthroat essence of 

capitalism. Kahn was no different.  

The reconstitution of the industry into concentrated hub-

and-spokes operations scandalized Kahn.* For all his blather 

about marginal cost, perhaps Kahn never expected compa-

nies to figure out how to efficiently minimize their costs; cer-

tainly, Kahn hadn't anticipated the hub-and-spokes strategy. 

However ill-conceived airline deregulation was, it was the 

only the first in a landslide to come. Staunchly pro-business 

leaders arrived in the White House (Ronald Reagan) and 

Whitehall (Margaret Thatcher) shortly thereafter, both of 

whom took a cleaver to as many impediments to corporate 

profits as possible. 

In airlines, low prices begat terrible service. Within a few 

decades of deregulation, all the major airlines had gone bank-

rupt through self-destructive competition. 

After the bankruptcies and mergers, the US airline in-

dustry became an oligopoly. This owed in large part to the 

exclusiveness of limited parking slots at major airports (a 

negative network effect).  

In 2017, the largest 4 American airline carriers controlled 

80% of the market, compared to 48% in 2007. In Europe, the 

top 4 carriers have ~45% of the market. 

Only a few major domestic carriers are left in the US, and 

prices have risen accordingly. Airlines do still compete on 

routes where they do not dominate the airports involved. So, 

while trying to give the appearance of low prices, airlines 

 
* With a hub-and-spokes network, planes fly to a central airport 

(hub) to and from other airports (spokes), rather than flying di-

rectly point-to-point. Hub-and-spokes networks simplify routing 

for the airlines, and, for passengers, may facilitate changing air-

lines, and may make it more efficient to reach less-traveled desti-

nations (smaller cities/airports). 
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claw back revenue by nicking customers for every possible 

thing, such as baggage storage or food in-flight. 

On one thing airlines all agree: an empty seat is an eco-

nomic tragedy, so they routinely overbook flights, betting 

that some passengers won't show. When their bet does not 

pay off, airlines simply bump people. 

A seemingly paid reservation only means one thing to an 

airline: you're not getting your money back. You can be 

dragged off a plane for insisting on getting what you paid for, 

despite a 1976 Supreme Court ruling that bumping passen-

gers with confirmed tickets is a fraudulent act.* 

 To observe that the flying public has been ill-served by 

deregulation is a gross understatement. But deregulation did 

not do the airlines any good either. 

 Predictability  

One thing we are not going to have, now or ever, is a set of 
models that forecasts sudden falls in the value of financial assets. 
~ American economist Robert Lucas 

Business leaders in a market economy try to minimize the 

risk of loss by foretelling the future. Investments which may 

produce future profits are made only if the prospect of eco-

nomic growth is sanguine; hence economic cycles. 

Peering into their models as if they were crystal balls, 

economists prognosticate to a receptive audience. Economic 

forecasts surreptitiously guide the economy through invest-

ment decisions. 

Economists are like the man behind the curtain in The 

Wizard of Oz: capable of putting on a show that signifies 

nothing. Most economic forecasts are way off.  

 
* In a unanimous decision, the Supreme Court ruled in Nader v. 

Allegheny (1976) that a confirmed ticket meant getting a seat, and 

that not honoring the contractual commitment was fraud. To get 

around this, airlines instituted an auction system to bump pas-

sengers on overbooked flights. Buying an air ticket surrepti-

tiously means signing on to being bumped when the airline wants, 

because what you are really buying is a lottery ticket, not a guar-

anteed seat. 
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In the 1920s, with no computers, forecasters relied on ran-
dom statistics: freight car loadings; grain harvests and prices; 
bank deposits. Today, forecasters employ elaborate computer 
models that scan dozens of statistical series describing the econ-
omy. Yet the predictions seem no better. ~ Robert Samuelson 

The import of economic dynamics and government poli-

cies leading up to the 2008 crash, the crash itself, the pro-

longed recession that followed, and the skewed recovery, all 

went unforeseen by those whose profession is peering into the 

prospects of the economic gyre. 

If past performance is a reasonable guide to future accuracy, 
considerable uncertainty surrounds all macroeconomic projec-
tions. ~ US Federal Reserve in 2017 

 Economics in Context  
Science is the study of Nature from an empirical perspec-

tive. Unlike physicists, biologists, and other scientists, econ-

omists have not been content to dispassionately comprehend 

the gyre of their purview and spin theories as to relations and 

plausible causes. Instead, economists have often acted as in-

tellectual cheerleaders: touting their beliefs through theoret-

ical propaganda that does not fit the facts. To this end, 

economists have often couched their favored system as rep-

resenting a physiocracy: a natural order. 

Economics offers a comprehensive doctrine with a moral 
code promising adherents salvation in this world; an ideology 
so compelling that the faithful remake whole societies to con-
form to its demands. It has its gnostics, mystics and magicians 
who conjure money out of thin air, using spells such as "deriv-
ative" or "structured investment vehicle." Like the old religions 
it has displaced, it has its prophets, reformists, moralists and 
above all, its high priests who uphold orthodoxy in the face of 
heresy. ~ English sociologist John Rapley 

 

In the mid-16th century, a group of Englishmen became 

transfixed on the acquisition of bullion – gold and silver – as 

the surest route to national power and wealth. Buillionists 

pointed to the grandeur of Spain, which built its ephemeral 
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prosperity on precious metals looted from its New World col-

onies. 

Mercantilism took bullionism one step further: stressing 

the value of international trade to amass riches. The mercan-

tilist conception was that wealth was a zero-sum competition 

of economic winners and losers. Mercantilism inspired na-

tionalist competition. 

17th-century English merchant Thomas Mun, a staunch 

nationalist who was the director of the East India Company, 

was an enthusiast of mercantilism, and had great influence 

in promoting the doctrine. Mun advocated the "means to en-

rich a kingdom" was by achieving a positive balance of trade. 

The merchant class took to the idea like a fish to water. 

The ordinary means to increase our wealth and treasure is by 
foreign trade; to sell more to strangers yearly than we consume 
of theirs in value. ~ Thomas Mun 

More domestically, a group of 18th-century French econ-

omists, dominated by François Quesnay and Anne Turgot, 

believed that the wealth of nations was solely derived from 

the value of land and its produce. This notion was well-re-

ceived at the French royal court, and made a splash in aca-

demic circles, but its preoccupation with land as the source 

of wealth ignored manufacture, which was playing an in-

creasingly significant role in commerce. 

Economic physiocracy had its strongest formulation with 

the late-17th-century idea of laissez-faire: that government 

should not interfere with the forces of the market in deter-

mining the allocation of resources. In the 1750s, French econ-

omist Vincent de Gournay popularized the term laissez-faire 

in promoting the free-market system as a natural order. 

The promotion of laissez-faire was a direct attack on pre-

vailing mercantilist doctrine, which favored government in-

tervention to restrict free trade, subsidize non-competitive 

domestic businesses, and bolster monopolies which benefited 

the state. In contrast, laissez-faire physiocrats believed the 

government's role should be restricted to national defense 

and domestic tranquility: unprofitable roles which nonethe-

less served business interests. 
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Adam Smith furthered faith in the physiocracy of laissez-

faire. His 1776 Wealth of Nations laid the foundation for clas-

sical economics, which shaped economic thinking and public 

policy in Europe and the Americas for over a century. The 

American Revolution caused many to question the wisdom of 

mercantilism, and sparked interest in Smith's formula to na-

tional wealth through free trade. 

Some of the most widely read economists were economic 

classicists. Their moral sentiments were out of step with ac-

tual business practices. Classical economics was largely 

glossy theoretical myths. 

One facet of classical economics was considering how eco-

nomic changes occurred. In this vein, the marginalist school 

was founded in 1871 by English mathematician-turned-econ-

omist William Stanley Jevons, who explored marginal utility 

in his influential book Theory of Political Economy. 

By the turn of the 20th century, marginalists had steeped 

economics in the fanciful ideas that business decisions were 

made at the margin, and that the decision-making process on 

both sides of the market – supply and demand – was rational. 

Marginalists developed the concept of utility to explain the 

prices that people were willing to pay for goods and services. 

Utility is the satisfaction derived from consuming something. 

Capital is that part of wealth which is devoted to obtaining 

further wealth. ~ Alfred Marshall 

Alfred Marshall became the most influen-

tial economist of his time with his book Prin-

ciples of Economics (1890), which became the 

dominant textbook on the subject for dec-

ades. In it he defined neoclassical economics 

by coalescing supply and demand, production 

costs, price, and marginal utility into a conceptual coherency. 

Much of the success of Marshall's book owed to its use of ex-

planatory diagrams, which were soon emulated worldwide, 

and live on in this book in explaining price theory. 

Consumption may be regarded as negative production. ~ Al-
fred Marshall 
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Marx's stirring socialist sentiments had little effect until 

Vladimir Lenin used them to spearhead his autocratic take-

over of Russia. Politically, socialism amounted to little more 

than cover for running a command economy by an elitist 

clique who called themselves communists. Lenin's ruse was 

replayed decades later in China by Mao Zedong and his band 

of rebels. 

The failure of neoclassical economics – that economic im-

balances were naturally self-correcting – was painfully illus-

trated by the Great Depression. Global depression inspired 

John Maynard Keynes to fixate on demand as the wellspring 

of economic activity. 

Keynesian economics was conventional for a few decades, 

until the gold standard started breaking down. This led Mil-

ton Friedman to fixate on money as the lever of economic ac-

tivity. Unlike Keynes, who thought that government must 

occasionally act to keep the engine of capitalism running, 

Friedman's monetarism did not stray from the religious faith 

of laissez-faire as a physiocracy, with an accompanying aver-

sion to government interference. 

Sensitive to the bilious externalities of free enterprise, 

John Kenneth Galbraith tried to break the spell of laissez-

faire with his economic liberalism, which favored govern-

ment regulation of capitalism. Galbraith's sensibility failed 

to woo the mainstream, which remained in thrall to capitalist 

plutocracy. As Friedman might have explained: follow the 

money. 

A society that puts equality before freedom will get neither. 
A society that puts freedom before equality will get a high de-
gree of both. ~ Milton Friedman, explaining how American 
economic freedom delivered equality to the American people 

 Economics & Psychology  

Because economics is the science of how resources are allo-
cated by individuals and by collective institutions like firms and 
markets, the psychology of individual behavior should underlie 
and inform economics, much as physics informs chemistry.  
~ American economist Colin Camerer 
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Economic forecasts are regularly way off base, especially 

when their importance is most critical: in anticipating and 

curing economic shocks. The unreality of conventional eco-

nomics models owes to their being based on bogus premises.  

Economic theory began with Thomas More and Adam 

Smith, who examined economic activity in light of man's 

moral nature. That holism was lost with the advent of neo-

classical economics in the late 19th century, with the atomic 

calculus that emphasized marginals as the basis of economic 

decisions. 

Psychology and economics both got swept up with the sci-

entific method that had become de rigueur for academic dis-

ciplines. Inspired by modeling in physics, economists worked 

at formalizing economics mathematically. Contrastingly, 

psychologists became enamored with the experimental tradi-

tion, but understandably eschewed mathematical structure 

to characterize the mind. This divergence in approach broke 

the natural coupling of psychology and economics. 

To a psychologist, a theory is a linguistic construct that 

organizes regularities in mentation. To an economist, a the-

ory is a body of mathematical models which squirt out pre-

dictive variables dependent upon statistical inputs. 

Another trend kept the fields apart. In the 1940s, econo-

mists took up neopositivism: the philosophical cudgel that 

crushes, as meaningless, statements not grounded in empir-

ical evidence. While insisting on statistical facts for inputs, 

economists excused the patently false assumptions behind 

their models with a special twist, called the F twist, after its 

vocal proponent, Milton Friedman. The F twist stated that 

economic models which make accurate predictions are copa-

cetic despite fictional assumptions, such as people being res-

olutely rational, and being single-mindedly focused on utility 

or profit. The F twist essentially gave economists license to 

ignore psychology. 

Economists routinely – and proudly – use models that are 
grossly inconsistent with findings from psychology. ~ Colin 
Camerer 

Many economic theorists worried that relaxing rational-

ity assumptions would inevitably lead to models becoming 
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analytically intractable: that reality would ruin the worka-

bility of the equations upon which economists relied. Theo-

retical leaps optimistically suggested that such conceptual 

stolidity is unwarranted; whence behavioral economics arose. 

Behavioral economics assumes that people are boundedly ra-
tional actors with limited cognitive processing power and time, 
whose choices are influenced by the contexts in which deci-
sions are embedded. ~ American economist Alain Samson 

In trying to rationalize the irrationality of conventional 

economic models, behavioral economics is still in its infancy. 

Many of the fundamental drivers behind human behavior re-

main unincorporated. 

We need to know much more about when, why, and how 
much people value control. ~ American legal scholar and be-
havioral economist Cass Sunstein 

Just as in evolutionary biology, altruism and morality are 

hard to figure, as are other, more picayune peculiarities of 

the human psyche, such as information avoidance (e.g., the 

ostrich effect). The conceptual complexity that ensues from 

accepting that people don't always look to their own naked 

self-interest is daunting to model. 

Evolutionary psychologists have challenged assumptions 
about the rationality that underlies behavioral economics.  
~ Alain Samson 

More tellingly, the false idea of economic dynamics tend-

ing toward equilibrium has yet to be brought to heel. Predic-

tive models which are predicated upon any degree of 

aimlessness (such as changing circumstances) presents a 

conceptual conundrum. 

 

The ultimate point of economic behavior is survival. Be-

yond material needs, people often behave economically to sat-

isfy wants: personal desires, many of which are socially 

derived. From this view, a successful economic system would 

be where all people might live in a modicum of comfort. Econ-

omists have instead typically looked at economics from a 

more grandiose perspective: of achieving wealth and prosper-

ity.  



318 Spokes 6: The Fruits of Civilization  

While acknowledging finite resources, free-market econo-

mists seldom suggest husbanding natural resources so that 

future generations may live as comfortably. A sensible em-

phasis on sustainable quality of life is disregarded for promo-

tion of unsustainable growth as an economic dictum. 

Ignoring limits to growth – both in resource extraction and 

environmental destruction – has been a consistent blind spot 

for market-loving economists. Some hand-wave that advanc-

ing technology will cover for the losses, but that is just an-

other heaping of fantastic whimsy. 

The other dereliction of capitalist thought has been to ig-

nore the breakdown in societal harmony that the market sys-

tem delivers. The psychological and sociological costs of 

competitive materialism are asides in the theoretical edifices 

economists build. 

Economists emphasize the benefits of change rather than the 
injustices and unhappinesses that change brings with it; but 
even when populations have rising incomes, longer lives, and 
higher educational standards in total and on average, many in-
dividuals within them may be suffering. Critics who emphasize 
the miseries of dislocation see matters differently from those 
who emphasize rising GNP. Even those who prosper may be 
unhappy if they think they should have done even better.  
~ English political theorist and historian Alan Ryan 

Part of the failure of capitalist thought owes to economic 

models with a time distortion; instead relying the false as-

sumption that everything continually occurs in equilibrium 

or is mystically moving toward equilibrium. But equilibrium 

is nothing more than a mathematical fiction that is never at-

tained. Economic activity is an unceasing gyre based upon 

the current situation as perceived by its participants. 

Economists commonly address the problem of abiding 

poverty under the maxim that "a rising tide lifts all boats": 

growth is the recommended solution. As a modern market 

system relies upon capital allocation (investment) as its well-

spring, this perspective has been properly termed trickle-

down economics. 

Despite the relatively high average standard of living in the 
United States, poverty afflicts millions of people. And the par-
ticulars of poverty are deeply related to the social structures of 
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class, race, and gender. The vast majority of the poor have al-
ways been women and children. ~ American sociologists Mar-
garet Anderson & Howard Taylor 

The tragedy of the commons is the economic observation 

that natural resources will be depleted in the unfettered pur-

suit of self-interest. Proven time and again throughout his-

tory, this tragedy can be taken as axiomatic. 

The worst error of all is to suppose that capitalism is simply 
an economic system. ~ French historian Fernand Braudel 

The physical outcome of the commons tragedy – pollution 

– extends to the basic necessities of life: clean air, pure water, 

fertile soil. More insidious costs are incurred, most notably 

societal discord caused by the gross inequities that the mar-

ket system physiocratically generates. The class struggle 

that Marx focused on was between the haves and the have-

nots that characterizes capitalism; a socioeconomic schism 

which festers as an economy matures. 

Neoclassical economists' universal prescription for the 

market system's inherent flaws, including the inequities, is 

to impose some limits while not killing the goose laying all 

the golden eggs. Those less-religious wonder whether the 

eggs laid are worth the unattributed costs. 

An economic system is a commons, as its costs and bene-

fits are shared by all to some extent. The quality of an eco-

nomic system may be adjudged by the distribution of its 

outputs. In the case of capitalism, the wealthy reap a dispro-

portionate share of the benefits while the poor are burdened 

with more of the costs. 

Beyond the socioeconomic problems of class stratification, 

capitalism instills materialism as a metric of the quality of 

life, fosters a competitive spirit, and strengthens self-interest 

and a sense of entitlement. In eroding self-esteem, comity, 

and trust, such social-psychological diseases sicken individ-

ual and societal well-being. By succoring suspicion and greed, 

capitalism is self-defeating, as commerce relies upon confi-

dence in the integrity of strangers.  

Capitalism is an ongoing confidence game. Economic cy-

cles are periodic Collective exercises in undue optimism and 

panic. 
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 Trust  

Trust is essential to economic activity. Implicit trust is 

the only reason that anyone conducts an economic transac-

tion besides barter, when the goods exchanged are at hand. 

Virtually every commercial transaction has within itself an el-
ement of trust. ~ American economist Kenneth Arrow 

Competition in most every quarter of social life cuts 

against trust. Morality is readily cast aside when there is 

something to gain by guile. Such is the state of the world's 

societies. 

Competitive markets by their very nature spawn deception 
and trickery. ~ American economists George Akerlof & Robert 
Shiller 

The 2008 recession was almost as much a shock to the 

societal trust system as it was to the economy. Lack of trust 

retarded recovery. 

The government's ability to fight the recession was substan-
tially constrained by the fact that its credibility was in tatters.  
~ American economist Justin Wolfers 

Beyond blind eyes, a saving grace to capitalism is folks' 

short memory; that, and the powerless of most of the popula-

tion to change their fate. The competition for the future has 

already been won by those with the wealth to purchase out-

comes – in that you can trust. 

It is the loss of social capital at all levels of community that 
most threatens the world's stability and future prosperity.  
~ American journalist Roger Cohen 

 Utility  
The value of an item must not be based on price, but rather 

on the utility it yields. ~ 18th-century Swiss mathematician and 
physicist Daniel Bernoulli 

People purchase products for their benefits. Accordingly, 

a key concept in economics is utility: the satisfaction derived 

from consumption. More broadly, utility is a measure of pref-
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erences. Economists myopically consider utility to be re-

vealed by people's willingness to pay dissimilarly for different 

goods. 

To consume a product or service is to make some use of it. 

In economics, consumption does not imply using something 

up, even as that often happens in the act. 

The term expected value was coined in 1654 by Blaise Pas-

cal after abstractly examining the probabilities of outcomes. 

Expected value is the anticipated utility of some specific con-

sumption and is probabilistic; but people value things differ-

ently than indifferent mathematics can ascertain, and 

human decisions are not impartial. Probability applied to hu-

man utility is wonky. 

Men of good sense value money in proportion to the usage 

they may make of it. ~ Gabriel Cramer 

In the mid-18th century, Swiss mathematician Gabriel 

Cramer attributed limits to human appetite with the concept 

of a declining marginal utility. The appre-

ciation of growing wealth is never zero, 

but beyond a threshold of want, each coin 

added to the pile means a bit less than the 

one before it. 

One implication of a concave utility curve 

has to do with risk aversion: people prefer to receive a smaller 

but certain amount rather than gamble with the chance for a 

larger haul. This explains why investors expect a higher re-

turn for risky assets. It is worth noting that risk is entirely 

within the mind: a psychological attribution of probability 

with no statistical basis in actuality. 

In the early 1950s, French economist Maurice Allais 

pointed out that utility theory does not always account for 

people's behavior. Faced with lopsided choices, people do not 

necessarily make a rational decision (e.g., the certainty of $1 

million versus the chance at either hundreds of millions or 

nothing at all). This is called the Allais paradox. 

A few years later, American sociologist and economist 

Herbert Simon proposed that people, often unable to gather 
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all relevant information and process it, do not try to maxim-

ize utility, but instead set modest goals of what would satisfy 

them. 

In 1979, Israeli American psychologists Daniel Kahne-

man and Amos Tversky came out with prospect theory, which 

posits that people make decisions based on the potential of 

immediate loss or gain rather than a probabilistic final out-

come. This explains the commonness of short-sightedness.  

Insights from prospect theory include that losses hurt 

more than gains feel good (loss aversion); decisions depend 

upon how situations are framed (framing effect); and that 

probabilities are perceived to be smaller than they actually 

are, except for quite unlikely probabilities, or those consid-

ered certain, which are perceived as larger.  

Further, certainty is not as desired as utility theory 

would have it. Instead, a sense of certainty increases aversion 

to loss as well as the desirability of gains. 

Human heuristics have their own internal, emotively 

based logic, existing in a conceptual universe parallel to prob-

ability. 

People often prefer insurance programs that offer limited cov-
erage with low or zero deductible over comparable policies that 
offer higher maximal coverage with higher deductibles – con-
trary to risk aversion. Evidently, the intuitive notion of risk is not 
adequately captured by the assumed concavity of the utility 
function for wealth. ~ Daniel Kahneman & Amos Tversky 

The experimental findings by which prospect theory was 

developed demonstrate that utility theory, based upon ex-

pected values, is inapt, as human rationality is biased. 

Utility theory, as it is commonly interpreted and applied, is 
not an adequate descriptive model. ~ Daniel Kahneman & 
Amos Tversky  

 Price  
Everything has a price. ~ Paul Samuelson 

Neoclassical theory critically depends upon the price 

mechanism as a realistic explanation for how prices are set 
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and markets behave. If instead the price mechanism is an 

unreliable compass, neoclassical economics is a hoax. 

In market-based economies, price acts as an incentive to 

potential suppliers: either prompting production of a good or 

stifling its manufacture, depending upon whether the pre-

sent price offers the prospect of profit. The basic idea is that 

more of a good might be had if it has a higher price.  

Economists refer to a product as a good, which by defini-

tion places a positive value judgment toward all material 

things consumed. No one worships 

mammon more than an economist. 

The notion that price positively af-

fects supply may be plotted on a chart, 

with quantity laid out horizontally 

while price rises up the vertical axis. A 

supply schedule slants upward: the 

higher the price, the more of the good 

will be made available. 

Rising price may indeed spur additional supply. But an 

upward-sloping supply schedule does not always hold true. 

Once the means of production are set in place, companies 

may produce more goods even if the price falls, especially 

when the current price is still above cost. The fond hope be-

hind that is that the goods made will be sold at a profit. 

Oversupply is a habitual problem in modern market econ-

omies. Falling prices may provide an opportunity for a domi-

nant supplier to drive weaker competitors out of the market 

by bankrupting them. 

In the instance of monopoly, there is no supply curve: a 

monopolist seller sets price as it sees fit. The idea of a supply 

curve is also a sham with an oligopoly, where a few firms can 

easily collude to set prices. 

More generally, the supply schedule critically depends 

upon market conditions: specifically, that the industry is in 

perfect competition, where firms cannot influence the price at 

which they sell, but instead must take price as given. All 

firms are assumed to produce a homogeneous product, such 

that consumer brand loyalty should not exist. Every regular 

shopper knows this is not true. 
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Throughout the analysis of perfect competition, the assump-
tion is made that the perfectly competitive firm is so small, rel-
ative to the overall market, that its impact on the market can be 
treated as zero. ~ Steve Keen 

Unless there is perfect competition and sellers have com-

plete information, which is another fictional ideal, the shape 

of a supply schedule supposedly acting to efficiently allocate 

resources is hypothetical hooey. 

Unless perfect competition rules, there is no supply curve.  
~ Steve Keen 

There are many reasons that supply may be insensitive 

to price for sustained periods: the nature of the good, such as 

whether it is subject to spoilage or is otherwise available for 

limited times; production parameters, such as how much cap-

ital is involved in its production (sunk cost) or the availability 

of labor; and market conditions, most notably the current dy-

namic of competition among suppliers. 

Buttressing the notion of a supply schedule is the concept 

of marginal cost: what it takes to make more. 

Cost is the starting point for a supplier determining the 

price at which a good can be profitably sold. Cost includes 

design, manufacture, packaging, marketing, and distribu-

tion: the total outlay of capital, materials, and labor involved 

in making a product and presenting it to a potential con-

sumer. 

Marginal cost is the incremental cost of producing an ad-

ditional unit of the same good. In calculus terms, marginal 

cost is the 1st derivative. 

Marginal considerations are considerations which concern a 
slight increase or diminution of the stock of anything which we 
possess or are considering. ~ English economist Philip Wick-
steed 

Under the unrealistic assumption of perfect competition, 

supply of a good in the market is hypothetically determined 

by marginal cost. The canonical assumption is that firms 

willingly produce extra output as long as the saleable price of 

a good is more than the cost to make an extra unit. 

Neoclassical theory posits that the marginal cost curve 

slopes upwards, as productivity presumably falls as output 
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rises: a higher price has to be offered to entice firms to pro-

duce more. Though this may sound plausible, an upward-

sloping marginal cost curve has no factual basis. When this 

concept of marginal cost was put before those who do know 

how factories are designed and managed, they rejected the 

theory as "the product of the itching imaginations of unin-

formed and inexperienced armchair theorizers."* 

Engineers purposely design factories with significant ex-

cess capacity, to avoid the very problem that economists as-

sume forces rising production costs. Only goods that are not 

produced in factories, such as oil, might have short-term pro-

duction costs as economists expect. 

Neoclassical economic theory was formulated in an ear-

lier age, when the dynamics of scarcity and scale were differ-

ent. What might have applied to piecemeal production has no 

relation to modern mass manufacture. 

The upshot is that production costs are normally either 

constant or falling for the vast majority of manufactured 

goods. Hence, marginal cost curves are flat or even falling: 

the economic advantage of dealing of in bulk. This causes 

manufacturers no difficulty, but give economists conniptions, 

since their theories depend upon an upward-sloping supply 

schedule. 

A demand curve runs contrary to a 

supply schedule. Few consumers are 

willing to buy high-priced goods. As the 

price drops, more purchases will sup-

posedly be made: hence, a demand 

curve is drawn as downward sloping. 

There are many instances where de-

mand curves are upward sloping. More 

stocks are bought when their prices are going up. This same 

 
* One of the more peculiar aspects of modern life is that most people 

have no idea how the commodities they consume are produced. 

Only a small and decreasing number of workers are directly in-

volved in production, and only a few of those know how factories 

are managed and designed. In contrast to consumption, which is 

rather obvious, the conditions of production are a mystery. This 

ignorance applies to economists. 
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principle applies to all products which can cause bubbles, 

whether gold or tulips or houses. 

Price is a signal that shapes expectations. Demand goes 

up if consumers expect price rises to continue, thus creating 

a self-fulfilling dynamic. Any good that can be resold may 

prompt more demand as its price goes up, as buyers antici-

pate selling later at a higher price (and thereby reaping a 

profit). This social psychology is the root of the speculative 

buying which has propelled many boom/bust cycles. 

Some goods are necessities which are bought regardless 

of price. Demand curves for flour and bread were never down-

ward sloping in Britain during the 18th and 19th centuries. 

The demand curve many rise for another reason: availa-

bility and the price of substitutes. The Irish potato famine 

shot potato prices up due to reduced supply. With potatoes 

dear, bacon – the cheapest meat – substituted. Demand for 

bacon pigs rose along with their price during the Irish potato 

shortage. 

A good that violates the 'law of demand' by not having a 

downward-sloping demand curve is known as a Giffen good; 

named by Alfred Marshall after Scottish statistician and 

economist Robert Giffen, who proposed the paradox after ob-

serving the purchasing habits of the poor during the Victo-

rian era. 

The community is a fictitious body, composed of individual 
persons who are considered as constituting as it were its mem-
bers. The interests of the community then is, what? – the sum of 
the interests of the several members who compose it. It is in vain 
to talk of the interest of the community, without understanding 
what is in the interest of the individual. ~ English philosopher 
and economist Jeremy Bentham 

2 assumptions lurk behind the facile assumption that de-

mand grows at a lower price: 1) that all people have the same 

tastes, and 2) that these tastes remain constant regardless of 

wealth. Since these conditions are often not true for varying 

reasons for various goods, the law of demand is spurious as a 

generality. Demand curves may be most any shape. 
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Let us return now to the fictional account of how the mar-

ket system is contrived to make sense. 

Put together a supply schedule and a de-

mand curve and out pops an equilibrium 

price (). This price is the intersection 

point where the quantity demanded 

equals the quantity supplied. Upon this 

simple mythical model lays the entire 

foundation of capitalist economic theory. 

The belief that price and quantity are 
jointly determined by the interaction of supply and demand is 
perhaps the most central tenet of conventional economics.  
~ Steve Keen 

A root problem of the price model has to do with equilib-

rium: a tidy concept which has nothing to do with economics 

in the real world. The dynamics by which prices are deter-

mined do not emerge from mystical equilibrium points. In-

stead, prices are picked by sellers based upon their intuition 

of what the buyers at the moment might bear. Misjudgments 

trigger adjustments. 

If economics is to have any relevance to the real world – if 
economics is even to be internally consistent – then it must be 
formulated in a way which does not assume equilibrium.  
~ Steve Keen 

A price that exceeds cost yields a seller profit. Profit is the 

propelling force of market-driven economies. If not for profit, 

nothing would be made, according to neoclassical economics. 

Shifts in demand or supply arise from a myriad of causes, 

such as improving technology, or a change in consumer pref-

erences. Such dynamic developments move one or both 

curves or alter their shapes. Even hypothetically, character-

izing the price mechanism is impossible. 

Both the demand and supply aspects of conventional eco-
nomic analysis are unsound: first, market demand curves don't 
obey the 'law' of demand and can have any shape at all. Sec-
ondly, a supply curve doesn't exist. ~ Steve Keen 

In economics theory, falsity scales nicely. The explana-

tory power of the price model – the microeconomic law of sup-

ply and demand – was generalized to explain the economy at 
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large: total output, aggregate demand, and general price 

level. Demand and supply are also employed in theories of 

macroeconomic finance: money supply and demand, and in-

terest rates. 

 Interest Rates  

An interest rate is the percentage return a monetary 

lender makes from a borrower. An interest rate is, in essence, 

the price of holding money. 

Swedish economist Knut Wicksell imagined that there 

was a "natural rate" of interest. 

This natural rate is roughly the same thing as the real interest 
of actual business. A more accurate, though rather abstract, cri-
terion is obtained by thinking of it as the rate which would be 
determined by supply and demand if real capital were lent in 
kind without the intervention of money. ~ Knut Wicksell 

In the late 19th century, Wicksell saw financial rates set 

by banks competing to make loans. The job now falls to cen-

tral banks, which still think in Wicksellian terms: the natu-

ral rate prevails when the economy is at full employment. Set 

the policy rate above the natural rate and the economy tips 

into recession. Set it below, and inflation or speculation sets 

in. 

Nowadays, the natural interest rate is often assumed to 

be constant. American economist John Taylor created a rule 

in 1993 which central banks might use to set the interest rate 

based upon the current rate of inflation, so as to steer the 

economy financially from either the shoals of doldrums or 

speculative bubble blowing.* The Taylor rule took 2% as the 

real natural interest rate. 

 
* The Taylor principle prescribes that a central bank set the nomi-

nal interest rate slightly above rising inflation or slightly below 

falling inflation, so as to foster price stability and engender the 

credibility of the central bank via consistency and predictability, 

thus lessening uncertainty over government policy. Central 

banks do not explicitly follow the Taylor rule, instead preferring 

to play it by ear. 
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That would have been a hard sell to Wicksell, who 

thought the natural rate is "never high or low in itself, but 

only in relation to the profit which people can make with the 

money in their hands, and this, of course, varies. In good 

times, when trade is brisk, the rate of profit is high, and, 

what is of great consequence, is generally expected to remain 

high; in periods of depression it is low and expected to remain 

low." 

The nut of Wicksellian philosophy regarding the natural 

interest rate is that it varies by expectation, in context of the 

current economic environment. Financier responses to cen-

tral banks jiggling interest rates have shown that to be apt. 

In actuality, central banks key one eye on inflation and the 

other on how they think the market would respond to a 

change in interest rate. Central bank policy toward interest 

rates is played as a game of expectations. 

 Libor  
In 1984, the British Bankers Association, with the assent 

of the Bank of England, decided to collectively fix interest 

rates, to facilitate trading the new financial instruments 

which bankers were dreaming up. The London Interbank Of-

fered Rate (Libor) became an international standard, with 

rates set by a committee of 18 global banks. Using an aver-

aging process that throws out the high and lows, Libor rates 

are set by banks based upon what they think they would have 

to pay to borrow if they needed money. 

You have this vast array of financial instruments that hang 
their own fixes off a rate that doesn't actually exist. ~ former 
Libor trader 

In theory, Libor is supposed to be an honest number, be-

cause, it was assumed, that banks play by the rules and give 

truthful estimates. In reality, the system is rotten.  

1st, Libor rates are set based on bank estimates, rather 

than the actual prices at which banks have lent to or bor-

rowed from one another.  

2nd, banks have every incentive to lie, as they stand to 

profit or lose depending on the Libor rates set each day. 

Worse still, the transparency in the mechanism of setting 
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rates exacerbates the propensity to lie rather than suppress-

ing it. Weak banks do not want to signal their dilemma with 

an honest estimate of the high price they would have to pay 

to borrow, if they could borrow at all. 

Unsurprisingly, Libor rates were rigged via collusion 

shortly after the system was set up. To keep the lending 

wheels greased, rates were generally set lower than market 

rates would have been. 

Going back to the late 1980s, when I was a trader, you saw 
some pretty odd fixings. With traders, if you don't actually nail 
it down, they'll steal it. ~ another former Libor trader 

It was one of those well-kept secrets, but the regulator was 
asleep. The Bank of England didn't care, and the participating 
banks were happy with the reference prices. ~ yet another for-
mer Libor trader 

Libor rates became embedded in the world banking sys-

tem as key references and remain so today. 

As the global financial crisis begin in the middle of 2007, 

credit markets started to freeze up. The unexploded bombs 

littering the banking system had banks not trusting one an-

other; yet Libor rates remained suspiciously low given the 

environment. 

Government regulators in the UK and US were tipped off 

to Libor rigging in 2008, but with the financial fiasco full-

blown, nothing was done until 2012, when the banks that 

managed to survive their self-created maelstrom were 

slapped on the wrist with fines. The culprits included all in-

ternational banks in the Western world. As usual, only bank 

minions faced lackluster criminal prosecution, with few con-

victions. 

The scandal mortally wounded Libor, though it took years 

to bleed out and die. From the mid-2110s, Libor was phased 

out for similar benchmarks, most notably SOFR, which is a 

measure of the cost of US banks borrowing cash overnight.* 

 

 
* SOFR = Secured Overnight Financing Rate, compiled by the US 

Federal Reserve. 
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Interest rates price debt via regulated mechanics. In con-

trast, the prices of equities are determined with all the deco-

rum of a barroom brawl. 

 Stock Markets  

The origins of the joint-stock company are lost in the 

mists of history. Roman companies that were organized to 

collect taxes and provision the Empire traded shares inter-

mittently. In the mid-12th century, a 300-year-old water mill 

in southern France divided its ownership into shares. 

During the 12th century, French banks had traders who 

managed agricultural debts on their behalf. This was the first 

systematic instance of brokerage. 

From the mid-13th century, Venetian bankers traded 

government securities. By the mid-14th century, the Vene-

tian government was concerned enough about the trade to 

outlaw spreading rumors which might raise the price of gov-

ernment debt. 

The Dutch East India Company was the first venture to 

issue shares of stock to the general public. The reason was 

simple: risk. Few of the earliest voyages to the far East made 

it back. Investors grew trepidatious of financing individual 

ships on these perilous ventures. To engender investment, in 

1602 the Company issued shares for its fleet, and a stake in 

the profits the Company made. Soon thereafter, Dutch trad-

ers creatively pioneered various derivatives, and invented 

short selling – a practice which the Dutch authorities banned 

as early as 1610. 

The South Sea Bubble soured the British authorities on 

joint-stock companies not under the royal thumb. Despite the 

Bubble Act's ban on issuing shares, the London Stock Ex-

change formed in 1801: more a lobbying endeavor than stock 

exchange at its onset. The British government finally re-

lented on share issuance in 1825. 

The first American stock exchange was founded in Phila-

delphia in 1790. As the burgeoning hub of continental trade, 

New York's stock exchange, founded in 1817, quickly over-

shadowed Philadelphia's. 
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Industrialization on the European continent lagged be-

hind Britain and the United States primarily because the 

French and Germans did not trust their financial institutions 

at the time. While the continental European entrepreneur 

was no less clever or diligent than his English or American 

counterpart, he had less access to capital. 

 Limited Liability  

The key provision which facilitated stock companies was 

limited liability, whereupon shareholders had only their in-

vestment at stake. A corporation's creditors cannot come af-

ter the personal property of shareholders. 

England allowed limited liability to trade guilds and mo-

nastic communities with commonly held property by the 15th 

century. In the 17th century, the British crown was awarding 

joint-stock charters to monopolies, such as its East India 

Company. Joint-stock companies became a norm in North 

America and Europe by the end of the 19th century. 

 

The reason stock markets exist is that companies' appe-

tite for capital exceeds what prudent lenders can stomach in 

terms of risk. Stock markets represent a democratization of 

risk. 

From a rose-tinted perspective, stock markets let those 

with capital participate in economic growth by linking their 

savings to business profits. Another, mythical benefit is to 

engender the efficient allocation of capital. 

The regulatory framework, necessarily so, is rigged to fa-

vor liquidity. The result was the evolution of focus in inves-

tors toward short-term gains, with knock-on infection into 

corporate management. Bosses became bent to "beating the 

numbers" at the expense of longer-range horizons. Such an 

environment encourages excessive risk-taking, including the 

sort of empire building, or, conversely, divestment, that may 

curry investors' blessing. 

In recent decades, the sharp edge of short-termism has 

rubbed off because large companies rarely turn to the equity 

market for new finance. When internal reserves prove insuf-
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ficient, businesses prefer to borrow, as interest is tax-deduct-

ible. For many established corporations, being on the stock 

exchange is primarily a public-relations exposure, and a leg-

acy of an earlier time, when the company cut its capital teeth 

on stock sale proceeds. 

Most new companies that grow quickly do so through pri-

vate investment. New flotations on the market are mainly a 

way for early-stage investors to cash in their stakes. Here, 

the effort is entirely publicity: to generate a buzz that punt-

ers too may make a quick buck by getting in on the "ground 

floor." This was how the dot-com bubble blew. 

A highly developed stock exchange cannot be a club for the 
cult of ethics. ~ German economist Max Weber 

 Computerized Stock Trading  
The symbiosis between technology and finance has acceler-

ated the pace of the financial markets beyond mere human ca-
pacity at all levels of the financial system. Whatever can go 
wrong, will go wrong, and faster and bigger when computers 
are involved. ~ Chinese American finance professor Andrew 
Lo 

Programmatic trading by computers set off the market 

crash of 1987 that came to be known as Black Monday. At 

that time, the significance of algorithmic trading was slight 

compared to what it has become. 

Technology has utterly transformed the financial system. The 
vast majority of day-to-day trading is done purely algorithmi-
cally. ~ Andrew Lo 

It is a rigged game. ~ American stock market trader Sal Arnuk 

On 6 May 2010, the US stock market seriously swooned 

in a mere 5 minutes, and share prices became incomprehen-

sible for a half hour. A single firm, Waddell & Redd Financial, 

caused the conniption by trying to programmatically hedge 

its investment position in an aggressive and abrupt manner, 

to which the entire market took umbrage.  

Another such episode ensued on 1 August 2012. The re-

sponsible brokerage firm, Knight Capital Group, lost $440 

million in minutes to algorithms gone haywire. 
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On 15 October 2014, the US Treasury market crashed for 

10 minutes. Experts hypothesized at the time that the "activ-

ities of electronic trading algorithms" were to blame, but no 

proof has been found of how it happened. 

We don't understand the financial network. Even regulators 

don't. ~ Andrew Lo 

On 8 July 2015, the New York Stock Exchange was para-

lyzed for 4 hours by a software update the exchange's engi-

neers installed the night before. 

People think all this complexity is somehow inevitable. It's 
not. It's there to shield wealthy and powerful people when 
things go wrong. ~ American law professor Frank Pasquale 

 1962 Flash Crash  

Computerized trading only accelerates the irrationality 

which pervades stock markets. On the last 28 May 1962, the 

American stock markets suffered a "flash crash." 

The stock market careened downward yesterday, leaving 
traders shaken and exhausted. ~ The Wall Street Journal on 29 
May 1962 

The 1962 "market break" came after a run-up that had 

lulled many investors into complacency. In 1961, stocks rose 

27%, with leading technology stocks trading at up to 115 

times earnings.* 

For the economy as a whole, the year and a half preceding 
the market break was a period of hesitation. Doubts concerning 
the economy were certainly not reflected in the exuberant stock 
markets of 1961. There was an atmosphere of feverish specula-
tion. ~ SEC report on the 1962 stock "market break"† 

While high-frequency trading did not exist in 1962, "spe-

cialists" did. By law, specialists were obligated to try to main-

tain a fair and orderly market. No such thing happened: 

specialists did their best to make hay, not calm. 

 
* Historically, price/earnings (P/E) ratios have averaged between 10 

and 20, with a wide range between bull and bear markets. At the 

height of the dot-com bubble, the median P/E was 32. 
† The SEC is the US Securities and Exchange Commission, which 

is the federal agency responsible for stock market regulation. 
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Some orders were executed at prices substantially different 
from those which prevailed when the order was entered. ~ SEC 
report 

 

The markets' erratic behavior prompted concern and caused 
bewilderment at home and abroad. This break had a strong and 
immediate psychological impact upon the Nation. ~ SEC report  

The stock market continued to be volatile throughout the 

month of June 1962, and only began to steadily climb again 

after the Cuban Missile Crisis ended in October. 

Despite public pressure to clean up trading procedures, 

nothing changed in the wake of the 1962 market break. By 

the summer of 1968, billions of dollars of trade were going 

astray every month. 

 Nocturnal Profits  
Stock prices at the market open tend to be higher than at 

the previous day's close. The pessimists pack it in by the end 

of the day. 

Whereas stocks are traded during the day, the real profit 

comes at night, when the exchanges are closed to regular 

trading. Cumulate separately the daytime and after-hours 

returns, and it turns out that all the price gains on the New 

York Stock Exchange 1993–2007 came outside normal trad-

ing hours. For the past quarter century, day trading has been 

a desert of loss with oases of gains. The nighttime is the right 

time to be in the market. 

Forget about the news and the market ups and downs during 
the day. They are nowhere close to what they are cracked up to 
be. ~ American stock analyst Paul Hickey 

 

One of the laughable myths economists hold about the 

stock market is that it is an efficient way to allocate capital. 

This is based upon the assumption that investors have some 

savvy about the products of the companies they put their 

money on. 
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When a new product is preannounced, the short-term reac-
tion of the stock market is unreliable. It's really a flip of a coin. 
~ Turkish-American marketing professor Ahmet Kirca  

General Motors' stock got a boost when it announced in 

2003 the new Chevy SSR, a retro-style pickup truck. Yet SSR 

sales never took off, and the model was discontinued 3 years 

later. Conversely, Honda's sole entry in the highly competi-

tive US truck market – the Ridgeline – survived investors' 

initial negative reaction in 2005 to haul in profits for many 

years. 

Apple Computer stock dipped 6.7% in the 3 days after it 

announced its new iPad tablet computer in 2010. The iPad 

went on to be wildly successful. 

 

In a market economy, where transactions for exchanging 

goods are unrestrained, prices supposedly reflect a gyre of in-

teraction between supply and demand, albeit with at least 

one (more) glaringly unrealistic constraint: if the same thing 

is for sale in various places, economists have faith that the 

law of one price holds true. The law is an axiomatic belief: 

that in an efficient market, identical goods all have the same 

price. The law of one price is a nicety that has no factual ba-

sis: bargain bins and price-gouging illustrate the point, to the 

respective delight and consternation of consumers. 

 

Conventional economists believe that markets are natu-

rally efficient, but admit that distortions do occur, owing to 

various causes: such as buyers not having perfect infor-

mation or government regulations which tamper with the 

wondrous workings of the otherwise free market. 

Markets are not autonomous, spontaneous phenomena op-
erating according to their own natural laws. In reality, markets 
are social constructions whose rules are set by institutions and 
regulated by governments. ~ Oxfam International 

The idea that buyers and sellers possess perfect infor-

mation is theoretical tripe which everyday experience contra-

dicts. 
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The difficulty of distinguishing good quality from bad is in-
herent in the business world and may indeed explain many eco-
nomic institutions. ~ George Akerlof 

Information asymmetry affects both pricing and quality, 

resulting in adverse selection: an economic transaction with 

inherent risk due to lack of information. Sellers know more 

about the quality of the goods they offer than do buyers. 

Hence, there is an incentive for sellers to offer lesser-quality 

goods than expected for the price (given cost and quality go-

ing hand-in-hand).  

The situation in the market is complex. Whereas market 

leaders with esteemed brands gradually erode product qual-

ity and sometimes subtlety raise prices (e.g., same price, 

smaller portions), upstarts make their way up via better 

quality at lower prices. For both, information asymmetry is 

in play: working for the leader and against the upstart until 

reputations change. This is only one way that information 

asymmetry can be a powerful force in marketplace dynamics. 

Consider a market in which goods are sold honestly or dis-
honestly; quality may be represented, or it may be misrepre-
sented. The purchaser's problem, of course, is to identify 
quality. The cost of dishonesty lies not only in the amount by 
which the purchaser is cheated; the cost also must include the 
loss incurred from driving legitimate business out of existence. 
Dishonesty in business is a serious problem in underdeveloped 
countries. ~ George Akerlof 

In the instance of health insurance, buyers know more 

about their health than does the insurance company. Insur-

ers prudently assume something near the worst case, which 

inordinately raises the price for those in good shape.  

Medical insurance is least available to those who need it 
most, for insurance companies do their own "adverse selec-
tion." The principle of adverse selection is potentially present in 
all lines of insurance. ~ George Akerlof 

Minorities have long suffered adverse selection in getting 

jobs. Governments in some countries, including the United 

States, have intervened to correct a heuristic for economic ef-

ficiency. 



338 Spokes 6: The Fruits of Civilization  

Employers may refuse to hire members of minority groups for 
certain types of jobs. This decision may not reflect irrationality 
or prejudice – but profit maximization. For race may serve as a 
good statistic for the applicant's social background, quality of 
schooling, and general job capabilities. ~ George Akerlof 

Simply put, markets are never efficient. Sellers charge as 

much as they can get away, and consumers buy what they 

must or can afford, all depending on individual needs and 

tastes, and availability at the moment. 

 Dynamic Pricing  
The hoariest form of dynamic pricing was practiced in an-

cient bazaars, where merchants would size up their custom-

ers before the haggling began. Computerization has made 

dynamic pricing the norm.  

From the early 1980s, airlines took to varying the price of 

their tickets to gouge their frequent business customers, as 

well as to fight competition from discounting upstarts. The 

practice soon spread to hotels, car-rental firms, and railways. 

Dynamic pricing became all the rage when e-commerce 

became common. Competitors can be constantly monitored, 

and their prices matched. The US retailer Kohl's holds sales 

that last for hours rather than days, pinpointing the times 

when discounts are most needed. Amazon updates its price 

listings every 10 minutes. Cintra, a Spanish infrastructure 

firm with toll roads in Texas, changes prices every 5 minutes 

so as to keep traffic moving. Tickets for sporting events, con-

certs, and even the zoo are dynamically priced, to maximize 

profits for hot tickets and to stimulate demand for unwanted 

ones. 

Dynamic pricing both smooths demand and makes it eas-

ier to squeeze more from those with more to give. Travel web 

sites have experimented with steering Apple computer users, 

who are assumed to be better-off than plebian Windows us-

ers, to more expensive options. Airlines regularly charge 

their frequent customers more than those seemingly out on a 

lark, on the assumption that regulars are more likely to be 

on a work trip for which their employer pays. 
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Uber matches folks wanting a ride with contractor driv-

ers who act as taxis. The company encountered a backlash 

when it jacked its prices 8-fold during 2013 storms in New 

York.  

Such "surge" pricing makes perfect economic sense: driv-

ers are more likely to go out into hostile conditions if they are 

paid more, and many needing to get somewhere would prefer 

a high-priced ride to no ride at all; but economic sensibility 

cuts little ice when it offends people's sense of equity. 

Psychological resistance can be fierce when companies 

use collated data against their loyal customers. In 2000, Am-

azon quickly scotched a scheme to charge more for video disks 

based upon personal profiles. 

 Amazon.com  

You really have to take that extra step and click through to 
the list of all sellers for a given product if you want to find the 
lowest price. ~ American computer scientist Christo Wilson 

Online shopping is undeniably convenient. Hosting many 

sellers for its vast array of products, Amazon.com, the giant 

online shopping center, appears to offer the lowest prices. In-

stead, Amazon gives sellers a way to provide the illusion of 

competitively low prices while reaping non-competitive prof-

its.  

It may seem that Amazon lists sellers with the best prices 

for featured products; but that is not so.  

When you go to a page on Amazon, what you're seeing is 
typically not the lowest price available. ~ Christo Wilson 

Most featured sellers use an automated pricing mecha-

nism called algorithmic pricing, which adjusts product prices 

in real-time using computer algorithms. The algorithms are 

designed to reap any possible profit while probabilistically 

staying within the bounds that leave consumers likely to 

click the "buy" button. 

Amazon has a relatively low number of algo sellers – from 2 
to 10%. But they cover almost a third of the best-selling prod-
ucts offered by outside merchants, so the impact is large.  
~ Christo Wilson 
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Such automated pricing may sound expensive to code, but 

it's not, because Amazon brokers it to sellers as a subscrip-

tion service for a fee. 

60% of sellers using algorithmic pricing have prices that are 
higher than the lowest price for a given product. ~ Christo Wil-
son 

Algorithmically determined prices are 10 times more vol-

atile than those set by humans. It makes it very difficult to 

determine whether you, the consumer, is getting the best pos-

sible price. Come back in a few days, or even a few hours, and 

the price may be significantly lower. Or higher. 

This is very much a winner-take-all system. If you're that one 
lucky seller who gets the 'buy box,' you make all the sales. So 
if you want to be competitive for the top-selling products, you 
pretty much have no choice: you have to be an algorithmic 
seller. ~ Christo Wilson 

 Market Clearing  

If desire for goods increases while its availability decreases, 
its price rises. On the other hand, if availability of the good in-
creases and the desire for it decreases, the price comes down. 
~ Mesopotamian Islamic scholar Ibn Taymiyyah 

As Ibn Taymiyyah mused in the 13th century, prices are 

set to maximize sales and profits. The price of a good solely 

reflects instant market conditions where its is on sale. 

Market clearing is the process of supply meeting demand, 

which is theoretically done at the equilibrium price. For 150 

years, from 1785 to 1935, the vast majority of economists took 

market clearing through the price mechanism to be inevita-

ble and inviolate. This assumption was codified in Say's law. 

A product is no sooner created, than it, from that instant, af-
fords a market for other products to the full extent of its own 
value. ~ Say's law (1803) 

French businessman and economist Jean-Baptiste Say 

thought that "a glut can take place only when there are too 

many means of production applied to one kind of product and 

not enough to another." 
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Say's law was held as gospel truth to economists until the 

Great Depression shook their faith that the free market nec-

essarily ate what it made. During the doldrums of the 1930s 

economists struggled to explain how ruinously high rates of 

unemployment could persist for so many years.  

Keynes was one of them. He and other economists sug-

gested tinkering with the market, blithely assuming that the 

otherwise perfect price adjustment mechanism was somehow 

gummed up by government and could be fixed by govern-

ment. Ironies never cease in economics. 

As US President, FDR tried everything politically feasi-

ble that the economists suggested. The only thing that 

worked was going to war – the ultimate act of destruction. 

The assumption of market clearing still reigns for macro-

economists studying long-term issues, such as growth. Mar-

ket-clearing models are employed to characterize the 

equilibrium toward which an economy supposedly gravitates. 

Macroeconomic market clearing is codified as Walras' 

law, which is an updated version of Say's law. Put forth by 

French mathematical economist Léon Walras in 1874, the 

law posits that the values of sectoral excess demand sum to 

zero. 

Walras' law has wide-ranging implications. In assuming 

an economy as zero sum, it axiomatically (and inscrutably) 

finds that an excess demand in one economic sector is bal-

anced by an excess supply in another.  

One facet implied by Walras' law is that unemployment 

cannot be involuntary in a market economy with flexible 

prices and wages: an excess supply of labor will be mopped 

up by a fall in money wages – an utter fiction. The tidy equiv-

alence found in Walras' law has been embraced by macroe-

conomists, despite having no foundation in actuality. 

Walras' law is accepted as valid – indeed as irrefutable – by 

modern-day economists. ~ Steve Keen 

Keynes thought these equilibrium laws were bunk: he ar-

gued that if consumption and investment were supposedly 

balanced via these principles, then falling demand for con-

sumption goods should give rise to increased demand for in-

vestment goods. Instead, investment demand is driven by 
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expectation of consumer demand. Thus a downturn dampens 

expectations, leading to a general slump, as illustrated by the 

Great Depression which Keynes struggled with (unsuccess-

fully, owing to his allegiance to capitalism, and thereby fail-

ing to see its fatal flaws). 

Earlier on, Marx had rejected Say's initial proposition 

that "every producer asks for money in exchange for his prod-

ucts only for the purpose of employing that money again." 

Marx noted that Say asserted that no one in a market econ-

omy wished to accumulate wealth. 

Over a period during which economic growth takes place, at 
least some sectors finance a part of their spending by emitting 
debt or selling assets. ~ Hyman Minsky 

In the latter 20th century, American economist Hyman 

Minsky pointed out that Say's and Walras' laws were falla-

cious for failing to take into account credit and debt. Thus, 

sectoral demands never sum to an aggregate zero, nor is equi-

librium ever in sight. 

 

Price does not act as an efficient market-clearing mecha-

nism. Contradicting the spirit of his law if not the letter, Say 

observed that the market acts to overproduce, and then 

dumps the remainders at a loss while moving on. In other 

words, price spurs overproduction, which can cause cyclical 

price gyrations. This dynamic has been repeatedly observed 

in a wide array of products. 

In a forward-looking sense, price guides investment to ex-

ploitation potential. This is the timeworn mechanism for how 

potential suppliers respond to price: as a signal for profit op-

portunity; whence oversupply. Efficient resource allocation is 

never in the offing via the price mechanism. 

 Alternative Pricing  

The single most significant factor in profitable pricing is 

alternative cost: what a consumer might otherwise have to 

pay to obtain an equivalent. If the same good may be had 

from another source – that is, under competition – it is a buy-

er's market, and prices are (hypothetically) competitive.  
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Similarly, if a substitute good is available, that too is an 

ersatz form of competition. But a substitute is not selfsame: 

the desired product may be favored to some degree, and so 

can command a price premium. 

Reputation sometimes figures in a price premium. In the 

1st decade of the 21st century, Apple Computer became the 

darling of touchscreen mobile phones. Even though roughly 

equivalent phones were available, the Apple iPhone com-

manded a reputation ransom.  

If an equivalent ware cannot readily be found elsewhere, 

a seller looking to maximize profit will demand as high a 

price as he thinks will still sell the good. In early 15th-cen-

tury Europe, a pocket of peppercorns would be worth a for-

tune, as the spice was a rarity with no substitute. 

 Gyres of Waste  

The persistent breakdowns of the capitalist economy can all 
be traced to a single underlying cause: the anarchic or planless 
character of capitalist production. ~ American economist Rob-
ert Heilbroner 

Competitive enterprise is economic anarchy. Individual 

firms are guided solely by their perception of profitable op-

portunities, without regard to the economy as a whole. Iso-

lated atomic decision-making ensures misallocation and 

waste. The reason this occurs is that the price mechanism 

does not support the rationalization of resource allocation. 

The price signal is a clarion bell lacking clarity.  

Rising prices suggest unmet demand. For lack of coordi-

nation, individual companies react with investments to man-

ufacture supply that, in the aggregate, exceed need. Wasteful 

oversupply bubbles is one of the most salient characteristics 

of capitalism. 

Oversupply is a global problem. ~ Chinese politician and 
business executive Gao Hucheng in 2016 

In the 19th century there were 2 episodes of overbuilding 

railways in the United States. The 1st caused the Panic of 

1873. The 2nd caused the Panic of 1893. 
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In a milieu of huge enterprises and enormous fixed invest-
ments, such miscalculations or imbalances carry the potential 
of a major disruptive impact. ~ Robert Heilbroner 

Toward the end of the 20th century, an advance in drill-

ing technology (horizontal fracking) afforded extracting pe-

troleum and natural gas from deposits previously considered 

uneconomic. A rush of investment led to a massive oil boom.  

You'd be hard pressed to find anybody who saw this coming. 
~ American economist Karr Ingham on the early 21st century 
oil boom in Texas 

What no one investing seemed to see coming was the in-

evitable bust, causing the companies that had been so san-

guine about the future to suddenly find themselves going 

broke.  

When times are good in the oil field, no one ever thinks about 
the slowdown. But the slowdown's always just around the cor-
ner. ~ American oil worker Jess Crone 

The one surety of capitalism is that the lessons of history 

are never learned. An economic system driven by greed is in-

stead guaranteed to repeat excesses which look rational only 

when viewed atomically, ignoring (or ignorant of) larger con-

texts, and with optimism: which is exactly how entrepreneur-

ial decisions are made. 

Besides the toll on the economy of such episodes, the price 

of such boom/bust cycles includes massive material waste 

and pollution, and large-scale dislocation in people's lives. It 

is certainly no way to run an economy. 

 Externalities  
Externalities are ubiquitous. ~ Alfred E. Kahn 

The term free market refers to buying and selling unfet-

tered by government interference. The irony of the term is 

that nothing in a free market is free, other than the market 

itself, in operating unencumbered, at least theoretically. 

From a supplier's viewpoint, the price of a good envelopes 

cost and profit. It is a woefully incomplete accounting. 

Anything taken from Nature cannot be taken again: an 

exploited natural resource is no longer natural. A hillside 
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gouged out for coal or minerals is never the same, nor will the 

desired material renew itself. 

The exception is organic resources which, in time, may 

replenish themselves, though the disruptive effect may last 

for centuries; certainly not the time scale in which economics 

operates. Overexploitation of an organic resource may tip its 

local population past self-organized criticality, and so fore-

close the prospect of recovery. Overfishing, which has hap-

pened worldwide, is exemplary. 

Producers manufacture products. Anything produced 

that does not go into a product is an externality of production. 

Making any product invariably creates externalities. 

Building a factory takes land and water that precludes other 

use. Manufacturing takes raw materials, most of which are 

unsustainably gouged from the earth.  

The production process itself produces more than just the 

products. Waste – in the form of heat, scrap, and pollution of 

the soil, air, and water – is inevitable. It is impossible to 

make anything without producing waste. 

Waste is also theoretically messy. Economists lump all 

waste into a terminological dump called externality and leave 

it be. Externalities are of little interest to economists of the 

capitalist faith. 

 Price & Externalities  

Environmental economics is the study of externalities. It 

most poignantly points out the inadequacy of price in captur-

ing the cost of good. 

Price is merely a measure of human value in the moment 

a transaction transpires. What is most important about the 

pricing mechanism is what it does not do: account for exter-

nalities. 

Markets, and therefore prices, do not reflect true costs.  
~ Clive Ponting 

All the pollution ever produced under capitalism owes to 

the pricing mechanism as inapposite to serving natural and 

societal well-being. All the unsustainable rapacious exploita-

tion that robs future generations emanates from the pricing 
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mechanism, which makes no argument against, only for, pil-

laging resources as quickly and cheaply as possible. All the 

idleness of unemployment is courtesy of the pricing mecha-

nism, which treats human labor and its dignity merely as an 

input into an economic machine. All the fraud and corruption 

ever committed was imbued by the pricing mechanism, which 

engenders the mentality of profit-taking in a society where 

people must fend for themselves rather than cooperatively 

thrive. 

Producers ignore externalities as much as possible. Get-

ting rid of manufacturing waste is a cost, which, like all other 

costs, is minimized. Beyond that, in a market economy, what-

ever bad results from a good is not captured in its price. 

There are 3 types of externalities: environmental, health, 

and opportunity. 

Environmental cost encompasses the ecological degrada-

tion that a good creates, either in production, use, or in dis-

posal after its useful life is over. Environmental cost goes to 

the pollution created by the manufacture and consumption of 

a good. 

The only goods that do not impose lasting environmental 

costs are those of entirely organic matter, which eventually 

decompose. Nature reclaims its dead. 

Health cost is the penalty directly suffered in producing 

or consuming a good or service. Pollution ingested is the per-

sonal side of environmental cost.  

Some goods are bad. Red meat, milk, and other junk food, 

cigarettes, alcohol, and anything else edible that does not do 

a body good imposes a penalty upon its consumers and soci-

ety. Smoking and alcohol create 2nd- and 3rd-hand damage 

to those around its consumer. The genetic damage of such 

self-abuse imposes a penalty to offspring. Ultimately, con-

sumption of unhealthy products is borne by society, in dimin-

ished quality of life for others that must tolerate the self-

destructive behavior, and additional health care.  

Opportunity cost encapsulates the materials and labor 

put into a product that can never be recovered. Any expendi-

ture of energy and resources represent an opportunity fore-

gone to apply those same energies and resources to some 

other endeavor, or to reserve resources for later. 
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The cost of foregone opportunities is not generally consid-

ered by environmental economists. Yet its cost is incalculably 

enormous: the difference between all the ills caused by mar-

ket materialism versus a society that nurtures everyone in 

the population, with production practices that are sustaina-

ble as long as Earth provides viable habitats for humans. 

Scarcity cost is the irretrievable loss of material resources 

used in making a product. Scarcity cost is the component of 

opportunity cost that has the most long-term effect. 

Consumption of inorganic materials which are not recy-

cled constitute a taking from future generations. Mineral and 

fossil fuel extraction are exemplary of resources consumed 

which cannot be replenished. 

Externality costs are not voluntarily factored into price. 

Only a government can impose internalization of externali-

ties. None do, other than in a token sense: of the most fla-

grant pollution, and rarely even that. 

 The Rational Animal  
There is instability due to the characteristic of human nature 

that a large proportion of our positive activities depend on spon-
taneous optimism rather than mathematical expectations, 
whether moral or hedonistic or economic. Our decisions to do 
something positive can only be taken as the result of animal 
spirits – a spontaneous urge to action rather than inaction, and 
not as the outcome of a weighted average of quantitative bene-
fits multiplied by quantitative probabilities. ~ John Maynard 
Keynes 

Despite abundant evidence that humans are emotively 

driven – prodded by desires, constrained by fears – conven-

tional economic theory assumes that decisions are dispas-

sionate. Though panic and euphoria have repeatedly bloomed 

and faded with slight provocations, markets are assumed by 

conventional economists to be "rational." 

Stewing in prolonged denial from the onset the Great De-

pression, Irving Fisher was only enthusiastically conforming 

to orthodoxy about investor rationality. His delusion on the 

subject of rationality was not the last. 
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The self-inflated view of a rational market revived with 

stock prices. In the 1950s, Milton Friedman rendered ration-

ality relative: the stock market was, at least, more rational 

than the government. Friedman considered Fisher his favor-

ite economist. 

The Chicago school of economists, led by Friedman, and 

the brain trust known as the Massachusetts Institute of 

Technology (MIT), statistically showed that short-term stock 

price movements were random, but that extreme movements 

in stock prices occur roughly 10,000 times more often than 

they would in a random process. These monetarist men con-

cluded such sharp movements indicated rationality in play.  

Instead, they had produced evidence of irrational noise in 

trading. If traders were rational in basing their decisions 

purely on economic information related to listed firms, this 

repeated jitter effect would not exist. Instead, the jumpiness 

is simply jockeying for gains and loss avoidance, and in doing 

so exacerbating volatility. 

Financial markets are very noisy. Most of the 'noise' is due to 
human emotional factors. ~ Israeli economist Yoash Shapira 

Dow Jones Industrial Average 
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The US central bank largely reined in the volatility of 

short-term interest rates from the mid-1990s. Instead of 

calming financial markets, it made the leaps and crashes 

more severe, and prolonged the duration to recovery.  

The increasing concentration of wealth meant that fewer 

punters were able to move the market, and thereby the stam-

pede of the herd instinct was more thunderous. The longer 

recoveries were the "once burned, twice shy" syndrome of 

large investors, who, by dint of increasing globalization, had 

a more diverse menu of international investment options. 

A noisy stock market overreacts to past records of success and 
failure on the part of business firms, and prices with great im-
precision. ~ American financial economist Robert Haugen 

The efficient market hypothesis is the myth that markets 

behave rationally . One its prime proponents, American econ-

omist Eugene Fama, posited this tautology:  

A market in which prices always 'fully reflect' available infor-
mation is called 'efficient.' 

Fama claimed that the US stock market fit the bill. The 

evidence of such was "extensive, and (somewhat uniquely in 

economics) contradictory evidence is sparse." 
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The efficient markets hypothesis has been a cornerstone of 
mainstream financial economics for decades even though it pro-
vides no testable predictions about extreme events and even 
considers them highly improbable (or even nonexistent).  
~ Czech economist Ladislav Kristoufek 

As American statistician Edwards Deming observed "you 

expect what you inspect." Closer inspection revealed the 

flaws in Fama's fable. 

Paul Samuelson convincingly showed that an efficient 

market was a chimera. If an efficient market existed there 

would be no incentive to further market efficiency: investors 

could swim like fish at the back of the school, taking their 

lead from the tidbit of data leading to efficiency.  

Investors do behave like a school of fish, but rationality is 

not the driver. The herd instinct is.  

In the short term, stock trading has nothing to do with 

economic conditions. It instead involves leaps of anticipation: 

guessing what will happen next in the market, which is a 

projection of social psychology, not economic. 

Relative stability and continuing trends in market trad-

ing are simply confirmation bias at work. Volatility only oc-

curs when implicit trading groups disagree. 

When traders in a market have the same confirmation bias, 
market prices are not efficient and do not reflect all the infor-
mation available. ~ American marketing maven Thomas Gruca 

Keynes and Haugen cogently argued that few, if any, 

stock market speculators trade on the basis of specific news 

per se. Instead, they trade based on how they think other 

market participants will react to news of any sort, including 

to stock price movements in and of themselves. 

Popular stocks, by virtue of being in the news, benefit 

from sheer momentum. Price propulsion may drive such 

stocks to excessive valuations from which future returns are 

bound to disappoint, causing a corrective dive. 

Such volatility wears on a stock. Less-risky stocks outper-

form their uppity rivals in the longer term. Over the course 

of decades, the least popular stocks have outperformed the 

most popular ones by an average 7% a year. 
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Testosterone and cortisol are hormones linked with mood 

and behavior. Humans, by default female, become male when 

their embryos are awash with a relatively high concentration 

of testosterone. 

Most stock traders are male. Traders with high testos-

terone levels anticipate profit, and thus are bullish. 

Male traders, driven by an increase in testosterone due to a 
successful investment, may take exaggerated risks, which, in 
turn, can create price bubbles. ~ Israeli economist Ze'ev 
Shtudiner 

Cortisol surges as a physiological signal to restore home-

ostasis after stress. So, high cortisol levels indicate stress. 

Traders with high cortisol suffer uncertainty. Stock market 

uncertainty is typified by volatility, which increases risk. 

Cortisol is the hormonal equivalent of stock market bearish-

ness. 

Hormone levels invariably become part of the social am-

bience. Whether in the pits of the stock market floor or in 

trading rooms, trading collectively creates an atmosphere 

among male stock traders through hormonal transference.  

Rationality and fickle hormone levels are not kissing 

cousins, as stock markets have repeatedly shown. 

Anticipation sends the 2nd derivative hopping.* Robert 

Shiller, a Samuelson student, documented that stock prices 

were jumpier than corporate fundamentals justified. 

Price-driven volatility has greatly inhibited investment spend-
ing over the years. Ultimately, it has acted, and acts, as a serious 
drag on economic growth. ~ Robert Haugen 

American economist Lawrence Summers observed that it 

was impossible to tell a rationally random market from an 

irrational one.  

The probability of 10 consecutive heads is 0.1 percent; thus, 
when you have millions of coin tossers, or investors, in the end 
there will be thousands of very successful practitioners of coin 
tossing, or stock picking. ~ Alan Greenspan 

 
* The 1st derivative measures change. The 2nd derivative yields 

rate of change. 
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Seismic stock movements demonstrate the human herd 

instinct and belie randomness. Sudden price crashes occur 

semi-regularly but would occur every billion years or so if the 

market were rational. 

A fractal is a set of scale-invariant, self-similar, iterative 

patterns. The images on the covers of the Spokes books are 

fractals.* 

American investor Edgar Peters developed the fractal 

market hypothesis to statistically characterize prices on fi-

nancial markets. It was never intended as a theory of how 

markets actually behave. 

What was learned from this perspective is that market 

stability is typically maintained because traders differ in 

their investment horizons. Instability results if a market be-

comes dominated by investors with the same time horizon, 

particularly immediacy (short-termism).  

The most turbulent times of the Global Financial Crisis (2007 
onward) can be very well characterized by the dominance of 
short investment horizons, which is in hand with the assertions 
of the fractal markets hypothesis. ~ Ladislav Kristoufek 

The bust that followed [the 2000s real estate boom] is clear 
evidence that capital was misallocated and could have been put 
to better use. ~ Sheila Bair 

 

Since becoming a central banker, I have learned to mumble 
with great incoherence. If I seem unduly clear to you, you must 
have misunderstood what I said. ~ Alan Greenspan 

American economist Alan Greenspan was widely viewed 

as a financial god during his tenure as US Federal Reserve 

Chairman (1987–2006). Greenspan was an avid consumer of 

voluminous economic and financial statistics, but unable to 

see the forest for the trees.  

How do we know when irrational exuberance has unduly es-
calated asset values? ~ Alan Greenspan in 1996 

Greenspan kept short-term US interest rates too low for 

too long, repeatedly blowing asset bubbles, as the low cost of 

 
* See Spokes 5: The Echoes of the Mind for more on fractals. 
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money encouraged speculative investments on growth that 

were not sustainable. 

Greenspan's focus on statistics was a poor substitute for 

comprehending his charges: financiers. Greenspan's incom-

petence owed to his inane faith in the rationality of capital 

markets. 

That markets are rational and efficient is a myth, though 

a myth still widely believed, as cherished beliefs are illogi-

cally clung to; such is human nature. 

 Unrealistic Assumptions  

The sparkle of capitalism owes to optimism. As often as 

not, being roseate is not only not warranted, it's downright 

disingenuous. Capitalism is prone to deception in many 

ways, including self-deception. 

The financial near-death experience of the 2008 recession 

- itself inspired by the collective delusion of ever-upward 

housing prices - sent interest rates plummeting to historic 

lows. The cost of borrowing remained depressed for over a 

decade, as did returns to savers (investors in financial re-

sources). 

Depressed deposit rates and rock-bottom bond yields 

have meant that even governments can borrow at negative 

rates. Many institutional investors, particularly pension 

funds, refused to cotton to the reality of the financial milieu. 

A pension fund provides retirement income to its inves-

tors. Most American pension funds, including those run by 

state and local governments, have long assumed a 7–8% an-

nual return on their investments. This is practically impossi-

ble when 10-year US Treasury bonds yield just 2.4% on a 10-

year commitment. 

But there is strong incentive not to fiddle with the as-

sumption of manna from heaven. CalPERs, the California 

state pension fund, cut its assumed return from 7.5% to 7% 

at the end of 2016. That little maneuver cost the state $2 bil-

lion in extra contributions. 

To adjust to a realistic rate of return would be tanta-

mount to declaring insolvency: unable to meet financial obli-

gations to pensioners unless contributors kicked in more they 
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could possibly pay. So, pension funds kicked their proverbial 

can of delusion down the road, merely postponing the inevi-

table crisis. 

 Growth  
Economic growth may one day turn out to be a curse rather 

than a good, and under no conditions can it either lead into 
freedom or constitute a proof for its existence. ~ German polit-
ical philosopher Hannah Arendt in 1969 

The belief system of all capitalists is that growth is good. 

It is a value judgment appraised on necessity. 

A business cannot stand still. It is either going up – mak-

ing more profit or going down – its capital draining away. 

Stasis is stagnation; an omen seldom sanguine. 

The reason is confidence. Optimism spurs investments to 

improve capacities to deliver goods and services to existing 

and new customers. Such investments go unmade under un-

certainty. Instead, belts are tightened by cutting expenses. 

The gyre of business is spun from anticipation: businesses 

are built and abandoned by looking ahead. Supply is con-

structed from anticipating demand; hence expectation is the 

essential lubricant for the engine of capitalism.  

Without growth, markets become stressed. Caught be-

tween the desire to avoid loss and creeping pessimism, pric-

ing becomes tentative. Fiscal spillage – tolerated when a 

rising tide lifts all boats – evaporates. Facing the prospect of 

slowing growth, businesses reflexively cut costs. In all but the 

most capital-intensive industries, the single greatest cost for 

a business is its people; hence, employees are the first to feel 

the squeeze. As the fuel for a capitalist economy is consump-

tion, reducing demand through layoffs and suppressed wages 

is the perfect way to shut the growth engine down. 

Capitalism itself sputters when its growth engine stalls; 

then governments must step in to rig the confidence game 

again: to tilt expectation from "insufficient demand" to "more 

supply needed." Not being able to flip that switch was what 

prolonged the Great Depression. 
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The optimism that engenders growth acts a self-fulfilling 

prophecy, at least for a spell. Because confidence is not natu-

rally self-sustaining, especially in mature economies, capital-

ism is intrinsically cyclic.  

Entrepreneurial intrepidity when the economy is on the 

upswing gives way to apprehension on a mass scale as eco-

nomic growth falters. A downturn ensues for an indetermi-

nate duration. Then, as diffuse consensus gathers that the 

doldrums have hit bottom, the cycle begins again. 

 Investment  

Growth is dependent upon investment. The American 

and British compensation system for corporate executives is 

geared against investment. 

Executives are now paid largely in bonuses rather than 

salary. These bonuses are typically tied to the share price, 

which in turn depends on the ability of the company to meet 

its quarterly earnings-per-share target. Stock buybacks tend 

to boost earnings per share; investment plans may dent 

them. Hence, executives are incentivized to short-term profi-

teering that has negative long-term consequences, including 

declining productivity and decreased competitiveness. 

The result of the increased importance of bonuses and the use 
of these measures of performance is that managements are now 
less inclined to take short-term risks, such as cutting profit mar-
gins, and more inclined to take the longer-term risks involved in 
lower investment and the possible loss of market share that will 
result from higher margins. ~ English economist Andrew Smith-
ers 

 Innovation  

Innovation may provide a critical competitive advantage 

in many industries. Being first to market with an innovative 

product may provide a lead position which becomes hard to 

overcome. Knowing this, companies in a competitive market 

may rush to put a new technology out, and so be able to crow 

about its products' superiority. Such a rush often has nega-

tive consequences for consumers and the company. 
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Business leaders tend to panic when new innovations are 
about to hit the market. They scramble. ~ American business 
management maven Marc-David Seidel 

In the 1970s, airplane makers McDonnell Douglas and 

Lockheed were locked in a bitter rivalry. The two produced 

nearly identical aircraft: the McDonnell Douglas DC-10 and 

the Lockheed L-1011. 

Component delays slowed the entry of the L-1011 into the 

market by a year. Its sales fared poorly against the rival DC-

10, and so the L-1011 was considered a failed innovation.  

Meantime, the design flaws in the DC-10 were proving 

lethal. The American civilian air safety regulator – the Fed-

eral Aviation Administration (FAA) – is a captive creature of 

the airline industry. Only after a number of crashes, in which 

over 600 people died, did the FAA temporarily ground the 

DC-10 in 1979. McDonnell Douglas, having got its head start, 

forged on with its DC-10. Lockheed was unable to commer-

cially catch up. 

A similar rush to airborne murder occurred in the 21st 

century. In its ongoing competition with Airbus, Boeing hus-

tled out a new 737 Max airplane without sufficient software 

testing. Boeing's new 737 software control system had a de-

cided tendency to take control of the aircraft and fly it into 

the ground, regardless of what a pilot did. In 2018 and 2019, 

2 new 737s demonstrated the defect with deadly impacts that 

killed 346. A safety package that could have prevented the 

crashes was sold as an expensive extra. 

After the 1st crash, Boeing did nothing to prevent further 

mishaps, fearing that taking public steps to safety – even dol-

ing out information – would hurt their financial bottom line. 

They kept saying they were still analyzing, evaluating. ~ In-
donesian civil aviation head Avirianto on Boeing's response af-
ter the 1st crash, of an Indonesian-flown Boeing 737 Max 

Only after the 2nd crash was Boeing called to account via 

massive cancellations of pending orders for the aircraft. Un-

surprisingly, the FAA pussyfooted rather than take steps to 

protect the public from an obviously defective product. 
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There are innumerable examples of early innovations be-

ing succeeded by superior technology which never caught on. 

The QUERTY keyboard had an inefficient key layout compared 

to the later DVORAK keyboard, but the DVORAK design died 

out. The VHS versus Betamax video player contest followed 

a similar pattern. 

 Startups  

New businesses often bring innovation to the market as 

their raison d'etrê. While some startups offer something new 

in the way of products or services, the secret of success for 

many has been in improved efficiency and/or delivering con-

sumer convenience. 

In 1907, Belgian-American chemist Leo Baekeland dis-

covered the formula for an inexpensive, synthetic, nonflam-

mable, durable, and versatile plastic, whereupon he started 

Bakelite in 1909 to market this now universal material which 

egregiously pollutes the planet for many centuries to come. 

American industrialist Henry Ford did not invent the au-

tomobile, nor the assembly line. What he did do was cost-con-

sciously innovate a way to mass-produce automobiles that 

middle-class Americans could afford, starting Ford Motor 

Company in 1903. 

Be particular. Never sell anything you would not want your-
self. ~ Bernard Kroger 

Bernard Kroger, a shopkeeper's son, invested his life sav-

ings of $372 (~$9,800 in 2018 dollars) to open a grocery store 

in downtown Cincinnati in 1883. The innovation that took 

Kroger nationwide came in 1916, when Kroger started self-

service shopping. The tradition had been that merchandise 

was kept behind counters and delivered to customers upon 

request. 

In the 1930s, Kroger became the first grocery chain to 

monitor product quality, and also the first to be surrounded 

on all sides by parking lots. 

Ray Kroc bought into a small, San Bernardino burger 

joint in 1954, just after Richard and Maurice McDonald had 

invented the "speedee service system" for their hamburgers, 
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milk shakes, and fries. Kroc had sold the McDonald brothers 

milkshake mixing machines and was impressed with the way 

that the McDonalds ran their restaurant.  

The success of MacDonald's is now legend. Their fast-food 

innovation brought a spate of imitators in the 1960s. 

In 1967, Herb Kelleher and Rollin King started an intra-

state airline in Texas. The ticket to success for Southwest 

Airlines was getting noticed via its quirky culture, serving 

neglected markets, and offering low fares by stripping out the 

service conveniences then common with the established air 

travel carriers in the highly regulated American market. 

Southwest Airlines was able to thrive only after airlines were 

deregulated in 1978. 

Software has been the latest hurrah of American innova-

tion, birthing many companies which are now household 

names, as well as many more which have been gobbled up by 

the giants or gone by the wayside. This wave of mindware 

masks an overall loss of startup vigor in the American econ-

omy, largely owing to the decline in manufacturing. 

 Productivity  
One would naturally think that technological innovation 

leads to improved productivity, and thereby higher living 

standards; but this is often not so. 

There was scant improvement in the life of the average 

working Brit in the century after industrialization. In the 

early 20th century, as Victorian inventions such as electric 

lighting ushered forth, productivity growth barely budged. 

US Startups 
as % share of all firms 

1980 2010 2000 1990 

10% 

8% 

12% 

14% 
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You can see the computer age everywhere but in the produc-

tivity statistics. ~ Robert Solow in 1987 

The coming of the computing age was lauded at the time 

as offering a tremendous boon to productivity; yet output per 

worker did not show that to be the case. The Internet was 

supposed to be a 2nd coming in such productivity, but so far 

has been a no-show. 

The American economic growth engine was humming the 

loudest from the start of the 2nd World War to the end of the 

20th century: output per person grew 2.7% per year. Both be-

fore and after the rate was a lot lower: 1.5% from 1891 to 

1939, and only 0.9% in the 21st century. 

What everyone feels to have been a technological revolution 
has been accompanied everywhere by a slowdown in produc-
tivity growth. ~ Robert Solow 

The failure of new technology to boost productivity be-

came known as the Solow paradox, after Robert Solow, the 

economist who gave the issue a long look and was left 

scratching his head. Various attempts to explain away the 

Solow paradox – that the technological advances weren't so 

great, or that there is a long time lag between innovation and 

productivity gain – are unsupported by the evidence. 

 Pollution  

I cannot conceive a successful economy without growth. We 
need expansion to fulfill our nation's aspirations. In a high-
growth economy you have a better chance to free public and 
private resources to fight the battle of land, air, water and noise 
pollution than in a low-growth economy. ~ American econo-
mist Walter Heller in the early 1960s 

If a high-growth economy is needed to fight the battle against 
pollution, which itself appears to be the result of high growth, 
what hope is there of ever breaking out of this extraordinary 
circle? ~ E.F. Schumacher 

Economic growth is synonymous with environmental de-

struction: the invariable seizing of natural resources, almost 

all of which are not renewable, or restorable only at a cost 

orders of magnitude greater than their initial exploitation. 



360 Spokes 6: The Fruits of Civilization  

After many millennia of relentless exploitation, Earth 

must be more intensely gouged for raw materials. Economic 

growth can only consume more land. Meanwhile, freshwater 

supplies deplete faster than Nature can restore them. 

You could decrease environmental impact without hindering 
economic growth. These are 2 different subsystems. ~ Finnish 
economist Tuomas Mattila 

The economic sectors that do the most environmental 

damage are not those that employment and other growth fac-

tors depend upon. Further, development and application of 

engineering to reduce environmental impact can spur 

growth. 

Consumption and trade generate waste which is dumped 

somewhere. In the modern economy, a tiny fraction of that 

waste is biodegradable on the scale of centuries. Goods last 

for only a short time. Garbage persists for generations. 

A very few species have adapted to living off the leavings 

of humans, notably rats and flies. Otherwise, economic 

growth has been a death sentence for habitats, as the pillag-

ing of lands, seas, and air, and the sprawl begotten from hu-

man domination, is intolerable to the life that is left unseized 

for our consumption. 

As economies scaled in size, growth became an engine of 

extinction. Humanity unwittingly passed the tipping point in 

1940, as the 2nd World War got underway.  

Into the 21st century, with the dawning realization that 

the natural world has gone awry, no meaningful attempt has 

been made to turn back the clock toward sustainability – for 

that would spell the end of economic growth, at least in the 

minds of those ignorant of economics and unconcerned of im-

pending extinction. 

Stop racing toward oblivion. Oh, such a sad, sad state we're 
in. ~ American musician Leon Russell in the song "Stranger In 
A Strange Land" (1971) 

 Corporations  
Corporations, which should be carefully restrained creatures 

of the law and the servants of the people, are fast becoming the 
people's masters. ~ US President Grover Cleveland in 1888 
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The concept of incorporation was born in Rome, 3 centu-

ries before the birth of Christ. Societas publicoranum ad-

dressed a pressing problem: how a group of people could hold 

property together and make contracts for their common en-

terprise, independent of any particular participant.* 

7 centuries later, the followers of Christ took corporate 

form. Beginning in the 4th century, the Catholic Church 

claimed corporate status so that it could receive gifts of land 

and hold property in perpetuity. 

In the late 19th century, industry had a voracious appe-

tite for capital. Firms found funds by listing ownership 

shares publicly traded on stock exchanges. It became a way 

for the little man to think he could have a piece of the action: 

money for nothing but a gambler's stake. 

Successful corporations came to be self-sustaining: hav-

ing little need for investor-supplied capital. This freed them 

to behave as they would, constrained only by the limits that 

governments imposed: governments which corporations 

could effectively purchase, as politics has always been lubri-

cated by money, and politicians in thrall to the moneyed elite. 

During the early 20th century incorporation became the 

ubiquitous form of business organization throughout the 

world. In doing so, societies inadvertently put their trust in 

the hands of corporate masters, whose interests were in no 

way aligned with that of their societies. 

The shift of the industrial wealth of the country to ownership 
by large corporations vitally changes the lives of property own-
ers, the lives of workers, and necessarily involves a new form of 
economic organization of society. Management becomes, in an 
odd sort of way, the uncontrolled administrator of a kind of trust. 
American diplomat Adolf Berle in 1932 

Corporations do everything possible to maximize their 

profits. The first measure is to lower costs as much as possi-

ble. Packaged foods are exemplary. A successful brand tries 

to ramp its profits by cheapening ingredients and product 

quality, along with lessening portion sizes. Every American 

 
* The first pollution with global impact was a Roman corporation 

mining silver and lead in southern Spain (366 BCE–36 CE). 
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adult is familiar with the quality of favorite packaged prod-

ucts declining over time. Such selfsame degradation is seen 

in all sorts of consumer products, sustaining the hoary adage: 

"they don't make them like they used to." 

Companies often employ outright deception to sell their 

products. No doubt you have encountered this yourself. 

In Walmart, Target, CVS, and other major American re-

tailers, skin gel, sold by virtue of it being advertised as hav-

ing Aloe vera, actually has none of the medicinal plant in its 

contents. There is no government regulation to halt such chi-

canery. 

Fraud is a common corporate tactic. The profit motive 

provides ample incentive to cheat customers and skirt regu-

lations intended to protect people and the environment. 

 Herbal Supplements  
There are no standards for authentication of herbal products. 

The industry suffers from unethical activities by manufacturers, 
which includes false advertising, product substitution, contami-
nation, and use of fillers. This is not only food fraud. 55% of 
manufacturers illegally claim to treat, prevent, diagnose, or cure 
specific diseases. ~ Canadian botanist Steven Newmaster et al 

The North American herbal supplement industry is 

swamped with swindling. A study of 44 products produced by 

12 companies found that only 2 companies offered 100% au-

thentic ingredients; contrarily, 2 companies pedaled fully 

fake pills. All told, 83% of herbal product makers sold diddled 

supplements. 

The US Food and Drug Administration (FDA) and Cana-

dian Food Inspection Agency (CFIA) are responsible for en-

suring the safety of edible products in their countries. The 

FDA and CFIA do nothing about fraud in herbal supple-

ments. 

 

Corporations keep their costs low by polluting the air, 

land, and water around their facilities, rather than paying to 

lessen wastes and emissions. 

Economic organizations attempt, at every turn, to "external-
ize" the costs of doing business, to shift to the wider society the 
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burden of dealing with the social and environmental problems 
they create. ~ American sociologist Frank Elwell 

 Vehicles  

Vehicle makers throughout the world have a long history 

of producing products with known defects and denying their 

existence until forced to. General Motors ignored for years 

problems with ignition switches that ended up claiming 124 

lives.  

Toyota made cars with unintended acceleration problems 

that resulted in the company recalling 8.1 million vehicles 

and paying $1.2 billion to settle a US criminal investigation. 

With its cities blanketed in air pollution, the US passed 

laws in the early 1970s to limit exhausts. This was costly to 

vehicle makers, who vigorously opposed the legislation.  

Complying with clear air regulations can add thousands 

of dollars to an automobile's price while diminishing perfor-

mance that customers want. So, many manufacturers com-

mitted fraud on this count. Audi, Caterpillar, Chrysler, 

Cummins Engine, Fiat, Ford, General Motors, Honda, Mack 

Trucks, Nissan, Porsche, Volkswagen, and Volvo were all ap-

prehended engineering their vehicles to evade exhaust pollu-

tion laws.  

From the 1990s into the 2010s, European manufacturers 

colluded to limit competition on vehicle emissions technolo-

gies, retarding innovation and ensuring the most pollution 

they might get away with. The companies included BMW, 

Daimler, Volkswagen, Volvo/Renault, and a few large parts 

makers. 

Volkswagen has been a repeat offender. It got caught in-

stalling temperature-sensitive switches that killed emissions 

control in 1973.  

Then in 2015, VW was found fiddling their diesel cars to 

pass emissions tests but spew prodigious noxious pollutants 

while on the road. Unsurprisingly, Volkswagen had lured 

customers with advertisements that lauded their "clean die-

sel" technology. 

The US Environmental Protection Agency (EPA), respon-

sible for monitoring vehicle emissions, was negligent in not 
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testing passenger cars. The EPA instead had focused on mak-

ers of trucks and heavy equipment, which had an extensive 

history of cheating on emissions tests, and whose products 

generated much greater pollution.  

The EPA trusted the auto companies to tell the truth. And the 
auto companies have proven time and again that they don't tell 
the truth. ~ American attorney Dan Becker 

 Airbags  

Exhausts were not the only facet of fraud in autos in re-

cent decades. Japanese airbag manufacturer Takata was 

caught selling lethal versions of a product designed to protect 

auto occupants. To conceal its crime, Takata falsified test re-

ports. 

 GlaxoSmithKline  

For a long time, there'd been this policy of going easy on for-
eign enterprises. The government didn’t want to cause embar-
rassment or give outsiders the impression that China is plagued 
with corruption. But they're not thinking like that anymore.  
~ American legal advisor Jerome Cohen 

The corruption of British drug maker GlaxoSmithKline 

may have been stupidly egregious, but it still is exemplary of 

how large corporations operate. Other multinational phar-

maceutical companies, including Eli Lily and Pfizer, have 

also been caught out on similar practices. 

Glaxo committed systematic fraud and corruption in 

China, and in other countries across the world, by bribing 

doctors and hospital workers who prescribed its medicines.  

Another tactic was to aggressively market medicines for 

unauthorized treatments. Glaxo almost killed one Chinese 

patient with this practice. They bought her silence for $9,000. 

For over a year, the company brushed aside repeated 

warnings from an inside whistleblower in China, then retal-

iated against her.  

The company could not even find the fraud that was going 

on. Its internal compliance scheme was a cover-up operation. 

We take all allegations of bribery and corruption seriously. 
We continuously monitor our businesses to ensure they meet 
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our strict compliance procedures. We have done this in China 
and found no evidence of bribery or corruption of doctors or 
government officials. However, if evidence of such activity is 
provided, we will act swiftly on it. ~ Glaxo in 2013 

Once Chinese government officials got wind of Glaxo's il-

legal actions, Glaxo bribed them to try to make the problem 

go away. The company did not even bother to investigate the 

allegations, change its marketing practices, or heighten its 

internal controls. 

In 2014, following a 1-day trial, Glaxo paid a $491 million 

fine to China. This was on top of a $3 billion fine in 2012 that 

Glaxo paid for similar criminal activity in the United States. 

 Communication Dysfunction  

These are complicated organizations, and unless they are as-
siduously managed, they can't cope with the complexities of the 
technologies they are dealing with. ~ American organizational 
management maven Baruch Fischhoff  

The most difficult operational aspect of managing a large 

corporation is information flow, something which too few cor-

porate managers appreciate. This problem becomes ampli-

fied when a company produces products which have safety 

implications, which most engineered products do. 

The Three Mile Island nuclear accident in Pennsylvania 

owed to a faulty valve: identical to one that got stuck at an 

Ohio nuclear plant a year and a half earlier. The builder, 

Babcock & Wilcox, failed to recognize the significance of the 

problem, and had not advised the operators appropriately. 

Nuclear plant operators were being trained to do the wrong 

thing. 

Senior decision makers are basically isolated from safety in-
formation. ~ Iranian American systems engineer Najmedin 
Meshkati 

General Motors had a string of safety defects in its vehi-

cles. Most were due to communication mishaps between en-

gineers and management. Mary Barra, CEO of GM, spoke of 

her company being "siloed," with each department compart-

mentalizing its own problems and not communicating with 

others in the organization.  
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GM is by no means unique in this regard. There were no 

surprises in the kinds of difficulties encountered by drillers 

at the British Petroleum well that blew out on 20 April 2010 

and fouled the Gulf of Mexico with the largest oil spill in his-

tory. By dint of failing to communicate, negligence is a com-

mon corporate code of conduct. 

The information distribution network does not match the or-
ganizational decision-making network. ~ Najmedin Meshkati 

 Shareholder Interest  

Corruption, embezzlement, fraud, these are all characteristics 
which exist everywhere. It is human nature. No one has ever 
eliminated any of that stuff. ~ Alan Greenspan 

A proximate cause of the evil inherent in corporations lay 

in their structure. Shareholders own corporations, and man-

agers typically run their corporation in pursuit of share-

holder tribute. 

The problem is that shareholders don't have a company's 

best interest at heart. Shareholders often insist on strategies 

that maximize short-term profits. A manager who does not 

abide this short-termism is likely to be booted, especially dur-

ing turbulent times, when foresight is most needed and least 

appreciated. 

Shareholders are the most mobile of a company's stake-

holders: they may sell their shares at any time, disabusing 

their financial investment in the wink of a trade. In contrast, 

the other stakeholders – managers and employees – are 

vested with their livelihoods. Their interest is in the compa-

ny's abiding well-being, so that they may continue to earn a 

living, and do so decently.  

Ease of exit is exactly what makes shareholders unreliable 
guardians of a company's long-term future. ~ Ha-Joon Chang 

 Agency Cost  

The flip side of shareholder short-termism is untoward 

agency cost: that management may not have maximizing the 

corporation's worth as its objective.  
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An agency cost is the economic concept of a principal hav-

ing an agent act on its behalf and paying a price for doing so. 

Because the principal and its agent may have different self-

interests, and the agent has more relevant information, the 

principal cannot ensure that its agent is always acting in the 

principal's best interests. In the case of a corporation, the 

principal comprises the shareholders who collectively own 

the company, and the agent is corporate management. 

The interests of management, who might own little or no 

stock in the corporation, may be to maximize their own gain 

at company expense. In its most extreme form, management 

may brazenly loot the company, as happened with World-

Com, Enron, and Adelphia. 

More subtly, managers can pad expenses, pay themselves 

lavishly, or invest company capital in ego-gratifying empire 

building at the considerable risk of profitability. The merger 

of Time Warner and AOL is a prime example. 

Shareholders can theoretically limit agency cost by toss-

ing out management; but to do so requires going through the 

corporate board, which may align itself with management ra-

ther than disgruntled shareholders. Corporate board mem-

bers typically get on well with the CEO and other managers 

and are in the same social circle. 

 Corporate Management Quality  

It may seem problematic to make a broad characteriza-

tion about the quality of corporate management on a global 

basis, but it is hard to think of a better measure than what 

those who lend money to corporations think of the risk they 

are taking in doing so. 
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The credit quality of the corporate debt market globally 

has dropped steadily since 1980, from A to BBB–. The median 

bond quality is now just one notch above "junk": pure specu-

lation. 

 

It does not help that accountants are commonly incompe-

tent. A 2016 global survey found 42% of corporate audits de-

plorably flawed. The largest accounting firms are periodically 

found to egregiously violate regulations.* 

 Distorporations  

In the wake of the 1970s oil crises, capital was flooding 

into the American oil and gas industry in the early 1980s. 

Erstwhile conglomerate Apache Corporation sought to tap 

the capital flow in a novel way: wrapping private oil & gas 

assets into a new ownership structure that was akin to a 

partnership, but which was traded as a stock company.  

This master limited partnership (MLP) gimmick spread, 

going mainstream in the 21st century. The essence of an MLP 

is retaining very little of its earnings. MLPs are "pass-

through" companies which annually pay out more or less 

what they take in. As contrasted to earnings-retaining corpo-

rations, MLPs are distorporations. 

Many of the standard rules that corporations have to fol-

low about retaining earnings do not apply to distorporations. 

As earnings are distributed, distorporations largely avoid 

corporate tax, which is the one of the allures. 

Distorporations still protect investors from liability. Un-

like corporations, which may fund themselves via retained 

earnings, pass-through businesses have to be far more inter-

twined with investors: staying alive means routinely inhal-

ing and exhaling capital. 

 
* Governments don't regulate businesses diligently, and typically 

find violations when they bother to audit. 
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Distorporations now have a valuation on American mar-

kets well in excess of $1 trillion (2012). Distorporations rep-

resent 9% of the number of listed companies, and pay out 10% 

of the total dividends, but soak up 28% of the equity raised. 

These statistics underplay the gravity of the American 

distorporation. Distorporations house the management of 

private-equity firms, and thus sit atop industrial empires of 

much greater worth than their stated value. 

Distorporations can be spectacularly lucrative for their fi-

nanciers: able to pay out outrageous dividends which C cor-

poration shareholders would revolt over. The complex setup 

creates a shell in which the views of "limited partners" mat-

ter little. Nonetheless, Lilliputian distorporation sharehold-

ers often receive dividends double or triple the market 

average.  

Distorporations shareholders are a select clique. Quirks 

in the investment and tax laws keep distorporation shares 

out of the hands of staid institutions and the average stock 

punter. Hence, little-understood laws amplify wealth ine-

qualities in the capital-owning class.  

Because of their abiding need for continual financial sup-

port, distorporations inject fragility into the economic sys-

tem. The establishment of distorporations has created a 

structural change in American capitalism which has gone 

largely unnoticed. 
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 Economies  

Raising the scale of operations can decrease marginal 

cost, raising profit potential. Cost advantages that accrue 

from size – increasing level of output or scale of operations–

is called economies of scale. 

Economies of scale have driven corporate gigantism since 

industrialization. They were fundamental to Henry Ford's 

revolutionary assembly line and continue to spur mergers 

and acquisitions.  

There are 2 types of economies of scale: internal and ex-

ternal. Internal economies of scale occur when a firm benefits 

from upscaling regardless of the industry it is in. External 

economies benefit a firm because of the way the industry is 

organized. 

Research and development (R&D) of new drugs drives 

profits in the pharmaceuticals industry. Yet the cost of dis-

covering the next blockbuster drug is enormous and increas-

ing. Mergers in the drug industry in recent years have been 

driven by companies' desire to spread their R&D costs across 

a greater volume of sale. 

Economies of scale have a dark side. The larger an organ-

ization becomes, the more complex its bureaucracy has to be. 

The inefficiencies that creep in with bureaucratic inertia 

eventuate in diseconomies of scale.  

It's unusual to find a large corporation that's efficient. I know 
about economies of scale and all the other advantages that are 
supposed to come with size. But when you get an inside look, 
it's easy to see how inefficient big business really is. Most cor-
porate bureaucracies have more people than they have work. 
~ American business magnate and financier T. Boone Pickens 

Economies of scope are related to economies of scale: fac-

tors that make it cheaper to produce a range of products or 

provide a menu of services. Economies of scope can come from 

businesses sharing centralized functions, such as marketing 

or finance; or they can come from interrelationships, such as 

cross-selling products or services together (horizontal inte-

gration) or using the outputs of one business as the inputs of 

another (vertical integration). 
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Whereas the corporate drive toward consolidation in an 

industry owes to economies of scale, diversification across re-

lated industries – related in any sense – is inspired by econ-

omies of scope. 

Diseconomies of scope can be as bad, or even worse, than 

diseconomies of scale. Companies in different industries com-

monly have distinct cultures. Banging together incongruent 

cultures is an excellent formula for dysfunctionality, as tribal 

behaviors come to the fore.  

Economies of scope seldom bring economies of scale, espe-

cially with centralization, as managing distinct businesses 

well requires somewhat different skill sets; whence purges 

through divestiture of acquired companies unrelated to core 

competency, often resulting from shareholder pressure to im-

prove corporate performance. 

 Mergers & Acquisitions  
A company may merge or acquire another to ostensibly 

obtain a competitive advantage or better serve its customer 

base. Disney's acquisitions of Pixar, the animated movie 

maker, and Lucasfilm, creator of Star Wars, enlarged the cor-

ral of characters for Disney theme parks and merchandise. 

The mergers also enlivened Disney overall. Disney's acquisi-

tion story with a happy ending is all too rare.  

It is well known that acquirers tend to overpay in corporate 
acquisitions. Classical auction theory, which assumes that bid-
ders set their bids without regard to the identity of other bidders, 
does not apply to the market for corporate control. ~ American 
corporate law professor Robert Miller 

3PAR was a cloud computing company founded in 1999, 

back when cloud computing was in its salad days. The com-

pany had some leading-edge technology when it began, but 

3PAR had not been profitable when both Dell and HP set 

their sights on acquiring it in mid-2010. Dell and HP both felt 

anemic in cloud computing, though each already had its own 

division; and the rivals wanted to keep 3PAR out of the oth-

er's hands. A bidding war ensued, which HP won by grossly 

overpaying: over 3 times 3PAR's share price. The 3PAR ac-
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quisition did HP no good: it only drained HP's financial re-

serves at a time of strategic floundering that led to the com-

pany's decline. 

A merger between large corporations which had been 

competing typically births a bloated behemoth with a bad 

rash of culture clash. 

In 1998, Daimler Benz merged with US automaker 

Chrysler to create Daimler Chrysler, at a cost of $37 billion. 

The logic was obvious: create a trans-Atlantic powerhouse. 

The merger sputtered. In 2007, Daimler dumped Chrysler for 

$7 billion: 19% of what it had paid only 8 years earlier. 

Due diligence? Daimler Benz never did due diligence before 
it bought Chrysler, never looked into the future to see whether 
Chrysler could be competitive. ~ American economist George 
Peterson 

Contrasting cultures and management styles dogged 

Daimler Chrysler during its brief marriage. Whereas Chrys-

ler represented American adaptability and valued manage-

rial empowerment, the Teutonic Daimler prized a more 

traditional respect for hierarchy and centralized decision-

making. 

Sometimes an acquisition just does not make sense, even 

though it seems to for the love-struck acquirer. In 1994, gro-

cery-store legend Quaker Oats bought the bottled tea and 

fruity-drinks maker Snapple for $1.7 billion: $1 billion more 

than many analysts thought Snapple was worth. Fresh from 

their success with Gatorade, Quaker wanted to sport Snapple 

as their next success story. 

Quaker set out to situate Snapple in every grocery store 

and chain restaurant, spearheaded by a new marketing cam-

paign. The effort failed miserably. 

Snapple had found its niche in gas stations and small, in-

dependent stores, backed by quirky advertising. Quaker Oats 

management failed to grasp Snapple's identity. 27 months 

after turning Snapple sour, Quaker Oats sold it for a mere 

$300 million; making the acquisition a daily loss of $1.6 mil-

lion for Quaker. 
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 Merger Waves  

In 1900, there were ~500 American car makers. In 1908, 

200 remained, having gobbled the others. In 1960, Britain 

had 16 banks; a decade later, 6. In both instances, rapid con-

solidation came from a flurry of mergers. In everything from 

soft drinks to steelworks, mergers happen in waves. 

During America's 1st merger wave, which lasted 5 years 

and peaked in 1899, 700 mining and milling companies dis-

appeared, along with 500 food retailers. The next 4 waves 

were in the 1920s, 1960s, 1980s, and 1990s. Other countries 

have had their own merger waves. 

Shocks set off merger waves. Some firms are quicker than 

others to respond to the disruption or suffer less damage. 

This divergence lets the strong mop up the weak. Ronald 

Coase had suggested as such in 1937. 

In the late 1990s, computer-related businesses under-

went merger waves as the commercialization of the Internet 

was blossoming. The bursting of the housing bubble in 2008 

was an orgy of the biggest banks eating the little ones who 

had been caught out. 

Any industry-shaking shock may trigger a merger wave. 

A slump in demand can leave factories and shops idle. Spare 

capacity prompts more efficient firms to take over the slop-

pier ones. 
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Regulatory shocks are also important. The deregulation 

of US airlines spelled consolidation. Many deals in the late 

1990s were spurred by the government loosening its grip. 

Once a merger occurs, industry copycats become likelier. 

The first deal removes a competitor, potentially raising prof-

itability for all. Other targets take on a shine to acquisitive 

bosses. Meanwhile, more pessimistic firms see the creation of 

a larger rival as a threat and seek defensive unions. The sen-

sible strategic response to one deal may be another. A wave 

forms. 

Shock and strategy explain how a merger wave begins 

within a single industry, but not why simultaneous waves oc-

cur. The answer is found by following the money. 

Financial conditions are paramount. Managers have to 

pay for their merger meals. Piling on debt is only possible 

when lucre is loose and interest rates low.  

The most active acquirers are those with mounds of cash 

on hand. To acquire a hoard of lucre without giving it back to 

shareholders in one way or another indicates strong-willed 

management: the domineering attitude characteristic of cor-

porate empire builders.  

 Market Power  

Through monopolistic mergers the people are losing power 
to direct their own economic welfare. When they lose the 
power to direct their economic welfare they also lose the means 
to direct their political future. ~ American Senator Estes 
Kefauver in 1950 

The lure of economies of scale drives companies to domi-

nate and consolidate, forming oligopolies. An oligopoly is the 

overwhelming dominance by a few firms within an industry: 

usually a half-dozen or less. 

Unless there is a strong countervailing force, such as an 

inherent localization to doing business, oligopolization is the 

overriding trend of modern business practice. Oligopolies are 

everywhere: airlines, beer, cable TV service, cars, drugs, food 

stores, health insurance, cell phone service, computer oper-

ating systems, mass media, music, movies, soft drinks, to-

bacco, steel, and many more. 
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Worldwide, well over 50,000 companies do business inter-

nationally. Fewer than 150 corporations control 40% of the 

monetary value of all transnational companies. Most of them, 

including the most powerful, are financial firms. 

It's all flowing into the same few hands. ~ Swiss statistician 

James Glattfelder 

The penultimate achievement is monopoly: a single firm 

dominating all others. For decades, Microsoft had a virtual 

monopoly in desktop computer operating systems, until the 

advent of smartphones; it still does for office productivity 

software.  

Oligopolies and monopolies are to market economics what 

massive bodies are to spacetime in physics: a powerful warp-

age. Market power sucks the "free" out of "free enterprise," 

and turns societies into plutocracies as politicians fall into 

the gravity of corporate concentration. 

Declining competition is partly responsible for the US busi-
ness sector under-investing since the early 2000s. ~ French 
American financial economist Thomas Philippon & economist 
Germán Gutiérrez 

In the 2010s, US corporations reaped spectacular profits, 

which were matched by runaway share prices. Meanwhile, 

despite it being dirt cheap to finance, these companies did not 

bother to invest large sums. They did not need to; the compe-

tition had been largely vanquished.* Barriers to market entry 

that companies had erected let these corporations content-

edly milk their customers. Profits as a share of output rose 

by 50% in the 30 years 1985–2015. 

Over 75% of American industries have become more con-

centrated since 1980. The concentration is especially pro-

nounced in the technology sector. Apple and Google provide 

the software for 99% of all smartphones. Amazon utterly 

dominates online shopping and is encroaching into streaming 

music and videos.  

 
* Start-ups as a share of all companies declined in many wealthy 

nations around the world during the early 21st century. In the 

US, start-ups went from 10% of all companies to 8% 2000–2015, 

continuing a well-established trend. 



376 Spokes 6: The Fruits of Civilization  

50% of all American financial assets are controlled by just 

5 banks. In the late 1990s, the top 5 banks controlled little 

more than 20%. 

In the 2010s, 6 of the largest US airlines became 3. As of 

mid-2018, 4 companies controlled 98% of the American wire-

less market. If allowed by the federal government, the mer-

ger of T-Mobile and Sprint would reduce wireless market 

control to 3 firms. 

Many large US corporations are earning substantial incum-
bency rents. ~ American economist Carl Shapiro 

Consumers pay handsomely for the privilege of modern 

capitalism. The difference between how much it costs Amer-

ican companies to make their products and how much they 

sell those products for – a metric of market power – was in 

2019 at its highest level in a century. 

The lack of competition in the market for mobile phone 

service in America costs consumers $65 billion a year. Such 

rent-taking (excessive profits) is common in countries which 

do not effectively regulate corporate power (antitrust regula-

tion). The United States is exemplary. 

This economy is rigged. ~ US Senator Elizabeth Warren in 

2017 

 Inefficiency  

The idea that a market-based economy has an inherent 

efficiency is a long-standing myth, first perpetuated by Adam 

Smith in 1776 but enthusiastically endorsed by rubes since. 

Entry rate 

US Industries 

Market concentration 

(1 = monopoly) 

0.10

0 

0.12 

1980 2000 

 

1990 2010 

0.14 

Exit rate 

0.4 

0.5 



 Economics 377 

There is not a shred of evidence that competitive economics, 

via the price mechanism, delivers efficiencies.  

Actuality is quite the contrary. Until oligopolization oc-

curs in an industry, free enterprise is a free-for-all, profligate 

in waste. Whence emerges a central characteristic of un-

planned economies: inefficiency. 

The most striking thing about modern industry is that it re-
quires so much and accomplishes so little. Modern industry 
seems to be inefficient to a degree that surpasses one's ordinary 
powers of imagination. Its inefficiency therefore remains unno-
ticed. ~ E.F. Schumacher 

 The Transportation Logistics Industry  

The transportation logistics industry is exemplary of in-

dustrial inefficiency. All told, road haulage of all kinds earns 

$700 billion (€636 billion) a year in the US, and over €310 

billion ($341 b) in Europe. Worldwide firms such as UPS, 

DHL, and FedEx are household names. But even they com-

pete with innumerable small haulers. 

Whereas the top 5 airlines in the US earn 90% of the in-

dustry's domestic revenues, the top 5 cargo firms haul in just 

20%. 11% of America's truckers are independent owner-oper-

ators, not employees. Low barriers to entry into haulage is 

the reason freelance lorries take the lion's share of the mar-

ket. 

Computer networks coupled to mobile phones is improv-

ing efficiency and lowering the brokerage fees by which haul-

age deals are made. In engendering freelance work, this 

technology is a force against consolidation; hence, the ineffi-

ciency continues. Every year, American trucks travel 80 bil-

lion km – 28% of their total mileage – without a load. In 

Europe, 25% of the lorries on the road are empty. 

Road haulage is the retail end of trade transport. Goods 

traverse the globe on ships. 90% of world trade is carried 

onboard merchant ships, of which there are 50,000. 90% of 

the cargo afloat is on huge container ships.  

Like land logistics, the shipping business is badly man-

aged from a holistic perspective. Overcapacity from a binge 

of shipbuilding that began around 2011 led to huge losses in 
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2016 at 11 of the 12 largest shipping companies in the world. 

Sending a container from Shanghai to Europe cost in 2016 

half of what it did in 2014. 

The way that shipping companies run their business has 

been inscrutable: costs are some 30% higher than they could 

be because the shipping industry long resisted computeriza-

tion. Most ships lack basic sensors which ensure that hatches 

are closed before leaving port. Huge maintenance bills could 

be reduced by using sensors to facilitate predictive mainte-

nance. 

 

The root of logistics inefficiency owes to the diaspora of 

humanity. Having humans hither and yon in utter disorgan-

ization is a generator of both economic opportunity and dis-

order but unequivocably an unmitigated environmental 

assault. 

 Inequality  
The wealth of the world is divided in 2: almost half going to 

the richest 1%; the other half to the remaining 99%.  
~ Oxfam International in 2016 

Among many mammals, inequity is a fact of life. Simians 

are socially stratified creatures: privileges and rights are 

practically considered synonymous. The lion's share goes to 

those at the top rungs of the social ladder. 

The nomadic lifestyle is not conducive to wealth accumu-

lation. Once people domesticated themselves, along with ed-

ible plants and livestock, the equation changed: surpluses 

beget inequality. Agriculture created strata of resource ac-

cess. Property was inherited generationally. 

Even before cultivation became part of culture, inequity 

had started. The Natufians of the Levant were one of the first 

peoples to embark on the long transition to farming. Begin-

ning ~14,500 years ago, early settlements were amid rich 

food resources. Those who staked claims to the best spots 

gathered surpluses which put them ahead. Agriculture rein-

forced an already-established status. 
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Since antiquity, the societal impact of wealth distribution 

has been a political issue. Inequality wanes in the aftermath 

of carnage and disaster, then waxes again as peace and sta-

bility return. 

The world economies produced vast inequities prior to the 

1st World War. In 1910, the 10% of European households con-

trolled nearly 90% of all wealth. The top 10% captured over 

45% of all income. 

The wars and depressions between 1914 and 1950 

dragged the wealthy down. With economic recovery, inequal-

ity roared back, as owners of capital inordinately prospered 

once again. Wealth concentration and income inequity are 

now approaching the peaks of the early 20th century. 

This is an economic model developed by the economic elite 

to benefit the economic elite. ~ US Senator Bernie Sanders 

 Universality  

Material inequality has been, and still largely is, ubiqui-

tously accepted as reflecting a natural societal order. Only 

egalitarian philosophers have seen such inequity itself as a 

moral evil, and so take umbrage to the popular assumption. 

The essence of morality is fairness. Different perspectives 

consider acts to be moral intrinsically (moral absolutism), or 

otherwise adjudged in light of intent and/or consequence. 

Most people, and legalistic thought, consider intent when de-

termining the morality of acts. Accidents are therefore with-

out moral ramifications, whereas acts which intended to 

harm, but failed (and thereby of no consequence), are treated 

as criminal.  

Because a market economy is considered by many to be a 

natural order without inherent intent to harm, commercial 

acts are commonly construed as moral; only attempted trans-

actions which egregiously violate fairness are considered in-

iquitous, such as price-gouging. So, even though capitalism 

may inevitably deliver gross inequity, and by dint of conse-

quence be unjust, few see the market system as immoral per 

se. 

The love of money is the root of all evil. ~ I Timothy 6:10, 
The Bible (often cited, but never really paid any attention) 
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Inequality has never been eliminated in any society. So-

called "communism" was a scam sold by ruthless revolution-

aries to gullible plebs, who invariably were oppressed in the 

aftermath of the liberation from the previous regime. Any 

leveling that went on in the Soviet Union, China, or North 

Korea was barbaric, not civilized. The same applies to the 

supposed egalitarian spasm known as the French Revolution. 

Individuals' life chances are predictable. There seems to be 
an inescapable inherited substrate, looking suspiciously like so-
cial class, that underlies life outcomes. ~ Scottish American 
economist Gregory Clark 

 Kuznets Curves  

In 1955, Belarusian-American economist Simon Kuznets 

proposed that economic inequality was a 

function of income per capita. Kuznets' 

hypothesis was based upon an idealiza-

tion of market and political forces dur-

ing economic development. Decades 

later, the same unfounded optimism was applied to pollution 

to create an environmental Kuznets curve. As history amply 

demonstrates, the Kuznets curves are rubbish. (Simon Kuz-

nets won the 1971 Nobel prize in economics for this contribu-

tion of fiction.) 

 Africa  

Though Africa was the evolutionary 

birthplace of humanity, it has been the 

last continent to develop economically. 

Having all of history to learn what not to 

do did nothing to prevent inequity on a 

breathtaking scale. 

Tiny Equatorial Guinea is a former Spanish colony. Now 

ostensibly democratic, it is politically controlled by a strong-

man who, along with a few business cronies, has appropri-

ated most of the country's wealth. In the decade 1996–2009, 

GDP grow almost 40% each year, largely on oil revenues. Lit-

tle of it trickled down. Though Equatorial Guinea's wealth 
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per person is the highest in Africa, over 75% of the people 

there live below the World Bank's poverty line.  

Government spending on health and education in Equa-

torial Guinea lags far behind the sub-Saharan African aver-

age. To go to the hospital, patients must bring their own 

sheets, and share their rooms with rats. Civil rights lawyer 

Tutu Alicante says that visiting a public hospital is like "sign-

ing your own death sentence." 

A bit north of Equatorial Guinea lies Nigeria, a former 

British colony, now supposedly a federal republic modeled on 

the United States. The country is often called the "giant of 

Africa" because of its large population (182 million) and its 

economy, which is the 20th largest in the world, and the larg-

est in Africa (having surpassed South Africa in 2014). 

The government doesn't provide anything. ~ Nigerian oil 

worker Moses Okotie 

The Nigerian government is run as a racketeering opera-

tion. The "patronage economy" encourages legislators to cre-

ate ever more government agencies, which they populate 

with their cronies. Many new agencies then start issuing li-

censes and permits to rake in revenues.  

Fantastically corrupt. ~ British Prime Minister David Cam-
eron on Nigeria in 2016 

Senior managers at large companies spend an average of 

18% of their time dealing with government demands, while 

potentially productive investment funds are siphoned off to 

line the pockets of bureaucrats. On the World Bank's ease-of-

doing-business index, Nigeria ranks 169th out of 190, behind 

such prosperous and business-friendly countries as Iraq and 

Sudan. 

Oil extraction ushered rapid growth in Nigeria in the 

early 21st century, which slowed as world oil prices tumbled 

from the mid-2010s. This source of ready government reve-

nue drying up aggravated corruption in government. 

Nigerians are tribal, very social, and those that prosper 

are agile in business: a combination that has fostered orga-

nized crime to flourish, both within the country and among 

expatriates. Notable trades for Nigerian networks are drugs 

and sex trafficking. 
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Nigerian inequality is pronounced. At least 1/3rd of the 

population is stuck in extreme poverty. 10 million Nigerian 

children are not in school, and half of all young adults are 

unemployed or underemployed.  

Impoverished rural areas have rebelled. Political and eco-

nomic violence is endemic throughout the country. 

With a 60% population growth rate 1990–2008, and 

hardly slowing since, the sheer number of Nigerians is ex-

ploding unchecked. The country's largest city – Lagos – grew 

from 300,000 in 1950 to 21 million in 2016. 

Given that, what should be unsurprising is that the envi-

ronmental quality in Nigeria has grossly degraded in recent 

decades. Nigeria had the fastest rate of deforestation in the 

world 2000–2015.  

Pollution of every kind is extensive anywhere there are 

Nigerians. Nigerian cities are filthy. 

 China  

Starting in 1949, the revolutionary Communist govern-

ment, led by Mao Zedong, waged war on inequality of all 

kinds. By the time the Cultural Revolution ended, having 

wreaked havoc throughout Chinese society, the government 

had effectively abolished private property, and had even 

mandated a bland, unisex style of dress. 

The equality was a false one. Economic resources were 

concentrated in the hands of party cadres, in a hierarchical 

pecking order. That withstanding, inequity between urban 

and rural residents was not especially pronounced. 

Then, in 1981, under reformist leader Deng Xiaoping, 

China made an about-face: reintroducing land rights, allow-

ing foreign investment, and gingerly spurring private enter-

prise. 

It is good for some people to get rich first. ~ Deng Xiaoping 

Since China's embrace of market economics, inequality 

has surged to be one of the greatest in the world, as has Chi-

na's proliferation of waste and pollution. The richest 10% of 

Chinese make 13 times as much as the poorest 10%, com-
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pared to a 5 times multiplicand for Americans in these in-

come brackets. For how capitalism changes societies and en-

vironmental quality, look at China.*  

 Germany  

In the 2110s, Germany became the economic and political 

anchor of Europe. Chancellor Angela Merkel often seemed a 

beacon of sanity among a sea of political buffoons. It was a 

dramatic transformation which happened only this century. 

In 1999, with glum businessmen presiding over a sluggish 

economy, Germany was the "sick man of Europe." 

Fundamental social and economic reforms were imple-

mented in 2003. The German economy only managed a mod-

est revival before the 2008 global financial crisis struck. 

The shimmering image Germany now projects interna-

tionally has a gloomy underside. Many highly skilled workers 

have experienced a sharp increase in their wages, but over 1 

in 5 workers languishes in problematic employment, barely 

sustaining themselves. Wages for the bottom 1/3rd of the la-

bor force were lower in 2018 than they were in 2000.  

Poverty has been rising. 20% of German children are pau-

perized. 

 
* In 2015, the top 10% of Chinese income earners garnered 40% of 

the country's total take, just below the US (47%). The richest 10% 

own nearly 70% of private wealth in China, up from 40% in 1995. 

The richest 10% of Americans own 80% of US assets (in 2015). 
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Among Europeans, the average German household has 

one of the lowest levels of private wealth. Few Germans own 

their own homes. While Germans are generally thrifty, low 

interest rates mean saving accounts do little for wealth accu-

mulation. Germany has one of the highest levels of wealth 

inequality in Europe. 

Economic opportunity and social mobility are dismal. The 

German gender pay gap is one the largest in Europe. 

A person's income is strongly correlated with his or her par-
ents' income and education. Children from socially disadvan-
taged families have a hard time making use of their talents: 
obtaining good qualifications and jobs. ~ German economist 
Marcel Fratzscher 

 Regional Discrepancies  

Economists speak of countries rich and poor, of the indus-

trialized world and developing nations. The reality is much 

more nuanced. Wealth and poverty coexist in all countries. 

Quality of life cannot be measured simply by dividing na-

tional income by number of people.  

In 2015, American per-capita GDP was 56% higher than 

Italy, but Italian life expectancy was 3 years longer. The life 

expectancy of black Americans is lower than rural Chinese, 

and mortality for urban black American infants is higher 

than those born in Cairo, Egypt. The gross inequities rife 

throughout the world means that the world's peoples are all 

needlessly impoverished. While the poor simply live in fear, 

the rich live in fear of the poor. 

The inequality distinctions between countries are often 

not as great as the disparities within them. The gaps grew in 

the wake of the 2008 recession and continue to widen. 

Britain has the widest disparities, with average GDP per 

head in central London over 9 times more than in parts of 

Wales. In America, the District of Columbia is 5 times richer 

than Mississippi. Germany's regional discrepancies are rela-

tively small, yet incomes in the most affluent areas are still 

almost 3 times that of the poorest. 
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Wealth and poverty tend to concentrate geographically 

and generationally. 

Wealth positions at the top and bottom of the distribution are 
particularly sticky, with very wealthy parents able to secure a 
substantial wealth advantage for their children, and parents who 
live in debt especially likely to have adult children who are also 
net debtors. ~ American sociologists Fabian Pfeffer & Alexan-
dra Killewald 

 

Over the past 3 decades, 
53% of countries have seen an 
increase in income inequality, 
with this trend particularly pro-
nounced in advanced econo-
mies. Furthermore, today's 
economic strains are likely to 
sow the seeds for longer-term 
problems. ~ World Economic 
Forum in 2018 

 82% of the wealth gener-

ated globally in 2017 went to 

the wealthiest 1%. From 1980 

to 2015, the richest 0.1% of the 

world's population increased 

their combined wealth by as 

0 100 200 300 400 500 600% 

Britain 
 

United States 
 

China 
 

France 
 

Japan 
 

Germany 

Poorest & Richest Regions 
GDP Per Person as % of National Average 

% of National Income 

Richest 1% 

12% 

10% 

16% 

14% 

18% 

8% 

Canada 

US 

UK 

South 

Africa 

France 

Germany 

Japan 

1981 2015 



386 Spokes 6: The Fruits of Civilization  

much as the poorest 50%: the wealthiest 7 million taking in 

as much as the most impecunious 3.5 billion. For those in 

between, income growth has been sluggish or even nil. 

Wealth inequality is most extreme in Russia and the US. 

Wealth concentration is as high as in 1905. ~ Swiss econo-
mist Josef Stadler in 2017 

1920 2000 1960 1980 1940 

15% 

10% 

20% 

US Income of Richest 1% 

WW2 

Great Depression 

1986 

Tax  

Reform 

0 

40% 30% 20% 10% 50% 10% – 0 + 

-4% 

–  
-2% 

10% 

8% 

6% 

4% 

2% 

United States 

+ 

Change in top marginal income tax rate 

C
h

a
n

g
e 

in
 t

o
p

 1
%

 s
h

a
re

 o
f 

in
co

m
e 

The Rich 

Get Richer 

Britain 

Netherlands 

Ireland 

Australia 

Portugal 

Spain 

Italy 

Japan Sweden 

Switzerland 

(1960–2009) 

Germany 

Canada 

France 



 Economics 387 

The 85 richest people on the planet control as much 

wealth as the poorest half of the world's population. 

The separation of the elite from the masses may be a recurring 
process in sociocultural systems that is again coming to a head 
in hyperindustrial societies. The division of labour leads to a 
division in lifestyles. Increasingly, the wealthy live in gated 
communities, go to separate schools, and have their own secu-
rity, lifestyle, and increasingly separate values. Globalization 
could well be accelerating the process; not only does it provide 
opportunities for great wealth, it also breaks the economic tie 
between the elite and the local economy. ~ Frank Elwell 

 Labor/Capital Rewards  

Global elites are increasingly becoming richer. Yet the vast 
majority of people around the world have been excluded from 
this prosperity. While stocks and corporate profits soar to new 
heights, wages as a percentage of gross domestic product (GDP) 
have stagnated. ~ Oxfam International in 2017 

The root of modern inequality lies in the relative returns 

of labor and capital. This is essentially an externality of the 

price mechanism. With a surplus of labor and a high demand 

for capital, those with a surfeit of funds reap rewards while 

workers toil for meager leftovers. 

Global production chains effectively demand that countries 
compete for investment and that workers compete for jobs on a 
global basis. ~ Australian sociologist Kevin Hewison 
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The stark reality is that globalization has reduced the bargain-
ing power of workers, and corporations have taken advantage 
of it. ~ Joseph Stiglitz 

Based upon historical trends, Hungarian-born English 

economist Nicholas Kaldor concocted in 1940 a 6-stage model 

of the economic growth and contraction. One conclusion was 

that the labor/capital split was stable over the long run, with 

short-term wiggles due to the ups and downs of business cy-

cles. Owing to his cogent writing, Kaldor's figure that labor 

took a 2/3rds cut and capital 1/3rd was uncritically accepted 

by most economists.  

In the United States during the 19th century, 64% of eco-

nomic gain went to labor. After the 2nd World War, American 

workers reaped 62%. In the wake of the 2008 recession: 54%, 

and that figure that has fallen since. Starting in the 1970s, 

employers no longer shared the benefits of increased produc-

tivity with the workers who produced it. Between 1973 and 

2016, average hourly wages grew 12%, whereas productivity 

increased 74%. Kaldor's labor/capital split is a slippery sta-

tistical confection, not an economics constant. 

 American Farm Workers  

California's Central Valley is the most productive agricul-

tural region in the world, but the workers responsible for the 

Central Valley's wondrous harvests remain impoverished. 

The people who grow our food can't afford to eat it. Those 
who work in the fields all day long don't have access to the fresh 
produce that they harvest. ~ American health policy maven 
Joel Diringer in 2016 

 Corporate Inequity  

In some countries, those at the top of high-skilled, li-

censed professions, such as doctoring and lawyering, are 

quite well paid. More generally, worldwide, money flows into 

corporations, and especially to those who sit at the peak of its 

financial pyramid. 
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 CEO Pay  

The wellspring of inequality begins in the boardroom. Top 

managers of major corporations have the power to negotiate 

their own remuneration. Hence, they have been able to pro-

cure stratospheric incomes compared to others. 

The salary of the chief executive of a large corporation is not 
a market award for achievement. It is frequently in the nature of 
a warm personal gesture by the individual to himself. ~ John 
Kenneth Galbraith 

In 1950, the average American corporate CEO earned 30 

times that of the average worker. In 2018 it was 330 times. 

In 2018, which was a good year for the American labor mar-

ket, CEO pay increased at twice the rate of ordinary wages. 

Every US public company must have a board which over-

sees how the corporation is run. The median compensation of 

a board member for one of the top 500 US companies (by rev-

enue) was $263,500 in 2015: that's 5.5 times what a typical 

worker makes in a year.  

Board members' strenuous task is to attend an average of 

8 meetings during the year. Given such rich reward for such 

meager effort, it is not hard to see why CEO salaries are so 

stratospheric: overseers are paid off not to bite the hand that 

feeds them. That, and those on corporate boards are part of 

the elite that perpetuate the economic oligarchy – rocking the 

boat upon which they sail would be crass. 
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 Company Size Wage Discrepancy  

Although the rise in CEO pay over past decades has been 
spectacular, it can hardly explain the rise in aggregate wage in-
equality. ~ Swiss economist Holger Mueller et al 

In 2011, the best-paid 1% of American workers earned 

191% more in real (inflation-adjusted) income than they did 

in 1980. Meanwhile, wages of the middle-5th fell by 5%. This 

selfsame trend occurred worldwide, despite widely varying 

policies on taxation, corporate pay, and minimum wage. 

Larger firms exhibit significantly more pay inequality.  
~ American economist Paige Ouimet et al 

The driver of this trend is the oligopolization that natu-

rally occurs as market economies mature. As firms get larger 

and become more profitable, wages rise; but the benefits of 

scale are not shared equally. This is illustrated by the fact 

that the 3 richest Americans – Jeff Bezos, Bill Gates, and 

Warren Buffett – own as much wealth as the bottom half of 

the US population. 

The correlation between growth in company size and level 

of wage inequality holds across the rich world but has been 

most apparent in American and British corporations, where 

the number of workers employed in the country's 100 largest 

firms rose by 53% and 44% respectively 1986–2010. As the 

trend toward bigger companies is only likely to accelerate, so 

too wage inequality. 

The concentration of extreme wealth at the top is not a sign 
of a thriving economy, but a symptom of a system that is failing 
hardworking people. ~ English sociologist Mark Goldring 

For much of the 20th century, workers at big American 

companies were better paid than those at small ones; no 

longer. Since the late 1980s, the pay advantage of working 

for a large corporation vanished, except for those relative few 

in high-salary jobs. That change fueled the rise of income in-

equality. 

2 things changed. 1st, many low-level jobs were out-

sourced in the 1990s as companies more intently focused on 

rewarding stock shareholders. Contractors paid their work-
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ers less than the jobs lost. 2nd, less competition among cor-

porate behemoths meant that they could get away with pay-

ing lower wages than they would have to in a more 

competitive market. 

Economists used to mistakenly believe that companies 

that could afford to pay higher wages would. That fiction died 

as the hard numbers of reality rolled over them. 

From 2016 into 2018, American corporations were rolling 

in profits. The economy was ostensibly near full employment, 

and there were millions of job openings. Despite demand ex-

ceeding supply, wages remained stagnant, as workers made 

no demands for raises.  

The Great Recession scarred the psyche of employers and 

workers alike. Businesses maintained the survival mode 

mind-set they had acquired in the mire of the recession; as 

did workers, who had been so traumatized by layoffs, foreclo-

sures, and pulverized life savings that they were meekly ac-

cepting, and holding onto, whatever jobs they could find. 

Increased market concentration, particularly pronounced 

in the US and UK, means less competition for workers, and 

therefore little pressure to give raises. This is especially true 

in industries where skills are highly specialized, because it is 

harder for workers to find better pay elsewhere. Companies 

commonly collude to keep wages low by agreeing not to poach 

each other's workers and through non-compete contracts. 

The lack of money is the root of all evil. ~ Mark Twain 

 

Those with money can capitalize on opportunities to lev-

erage further returns with little effort, while ordinary work-

ing men and women must rely solely upon their labors. That 

the average American is invested in the stock market is a 

myth. 84% of all stocks owned by Americans belong to the 

wealthiest 10%. In 2016, most households had less than 

$5,000 in stock holdings. Half of American households don't 

have a cent invested in stocks. 
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 Hedge Funds  

In the 21st century, the adventurously wealthy have 

parked some of their money in hedge funds, which are exclu-

sive investment vehicles not available to commoners. Hedge 

funds use sophisticated computer models and trading strata-

gems to maximize returns. 

Hedge funds held a measly $539 billion in 2001. In 2015 

they played with $2.9 trillion. 

In 2015, hedge funds' average return to investors was less 

than 1%. The best performances, by only a handful of funds, 

were in the neighborhood of 10%.  

JP Morgan Chase, America's biggest bank, paid its chief 

executive, Jamie Dimon, $27 million in 2015. That same 

year, hedge fund manager Kenneth Griffin was compensated 

$1.7 billion. On average, the 25 best-paid hedge fund manag-

ers in 2015 each took home over $500 million in wages. 2015 

was a tough year for funders of hedge funds, but a very good 

year for those at the helm, who could practically set their own 

payout. 

The capital markets are controlled by a bunch of right-out-of 
business school young guys who haven't really seen that much. 
You have a real lack of wisdom. ~ Kenneth Griffin 

 

There is the idea, still widespread among economists, 

that economic growth depends largely on the rise of "human 

capital." At first glance, this seems to imply that labor should 

claim a growing share of national income. But that is a whim-

sical interpretation of an allusion without foundation. 

Industrialization and its digital follow-on – robotics – dis-

pelled those droll notions. Workers became dispensable in-

puts that served machines purchased with capital. The value 

of skills remained, but this was not enough to overcome the 

power of corporations, especially before and after the mid-

20th century heyday of labor unions in the US and UK.  

A surplus of labor ensured the superiority of capital in 

generating income. Regressive tax policies against ordinary 

workers and those favoring the wealthy further aggravate 
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the market mechanics of rewarding capital over labor. Ine-

quality begins with capitalism and is reinforced by pluto-

cratic governance. 

Economics is a political dynamic, and those with money 

tip the scales in their favor. 

Governments overwhelmingly serve the interests of eco-
nomic elites to the detriment of ordinary people. ~ Oxfam In-
ternational 

 

When the rate of return on capital exceeds the growth 

rate of the economy, as it generally does, wealth accumulates 

among the rich faster than working people could ever hope 

for from their wages; hence capitalism acts as an amplifier 

for inequality. Dire circumstances have been the only molli-

fiers to the propensity of capitalism to generate inequity: 

most particularly, wars and economic downturns.  

A reduction in economic inequality took place in most de-

veloped countries between 1930 and 1950. The World Wars 

and Great Depression caused greater drops in the income of 

the wealthy than workers, and so temporarily lessened ine-

quality.  

Recovery meant resurgence, abetted by governmental tax 

policies and subsidies for the well-off, which were engineered, 

via political lobbying, to favor wealthy individuals and corpo-

rations. A lessening of economic inequality in no way spelled 

a loosening of political inequity. 
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The falling share of income to labor means that produc-

tivity gains no longer translate into fatter pay packets. In-

stead, a bigger slice of the returns from growth accrue to 

owners of capital. 

Apart from the richest of Americans, income growth stag-
nated starting in the late 1970s. ~ American economist David 
Cutler 

Between 1982 and 2017, the wealth of the 400 richest people 
in America increased 29-fold – from $93 billion to $2.7 trillion 
– while many millions of hardworking citizens remained stuck 
on an economic treadmill. During this period, the tsunami of 
wealth didn't trickle down. It surged upward. ~ Warren Buffett 

While America's super-rich congratulate themselves on do-
nating billions to charity, the rest of the country is worse off. 
Today 1% of Americans own 37% of the total national wealth. 
Millions of Americans are struggling to survive. The gap be-
tween rich and poor is wider than ever, and the middle class is 
disappearing. ~ German economist Thomas Schulz in 2010 

Even among wage earners, the rich have done vastly bet-

ter than the rest. The share of income earned by the top 1% 

of workers has gone up even as the share of income to labor 

overall share has dropped. Excluding the 1% cream of the 
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crop, the decline in labor's share of income in the US has de-

clined twice as fast.* 

Men in their thirties have lower wages than their fathers' gen-
eration did at the same age. ~ American political scientists Ron 
Haskins & Isabel Sawhill 

The lower end of American real wages has stagnated for 

over a half century. Owing to a surfeit of labor, workers en-

tering employment typically make less, adjusted for infla-

tion, than the generation before them: a declining trend in 

the real entry-level wage rate. This applies more to men than 

women, who are ever the underpaid gender. American 

women retail workers make, on average, 28% less than men 

for the same work. Women's increasing presence in the labor 

pool since the 1970s has helped suppress overall wage levels. 

Since the late 1960s, every new American generation has 
made less in median lifetime income than the previous one, and 
it all starts at age 25. ~ Turkish-American economist Fatih 
Guvenen 

 
* The US federal government mandates a minimum wage level 

which only brings full-time workers to just above the federal pov-

erty level. About half of the state governments impose a slightly 

higher minimum wage on employers. Pro-business politicians 

(Republicans) are against minimum wage impositions, arguing 

that it costs jobs. This is untrue. Further, the redistribution of 

income–from business owners to labor–stimulates the economy, 

as poorly-paid workers spend all their wages to survive. 
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Mobility has fallen sharply over the past half century: from 
~90% for children born in 1940 to 50% for children born in 
the 1980s. ~ Indian American economist Raj Chetty et al 

In 1978, American men made an average income of 

$45,879. In 2015, the average was $700 less (in inflation-ad-

justed dollars), and that figure hides a gross discrepancy be-

tween those at the top and the masses below. 

While the income of 90% of American workers has stood 

still since 1973, incomes tripled for those in the top 10%.  

We cling to the myth of meritocracy. ~ American economist 

Robert Frank 

The top-earning 400 US households increased their in-

come by 20% in 2014 (over 2013) and paid an average 2.3% 

in income taxes. Those that made the list raked in at least 

$126.8 million. 

Taking tax evasion into account increases the rise in inequal-
ity markedly. ~ Norwegian economist Annette Alstadsæter et 
al 

In 1979, 33% of American profits went to the richest 1%. 

Today it is nearly 60% and rising. 

The United States has the highest rate of income inequality 
among Western countries. The $1.5 trillion in tax cuts in 2017 
overwhelmingly benefited the wealthy and worsened inequal-
ity. In 2018, the United States had over 25% of the world’s 
2,208 billionaires. There is thus a dramatic contrast between the 
immense wealth of the few and the squalor and deprivation in 
which vast numbers of Americans exist.  

For almost 5 decades the overall policy response has been 
neglectful at best, but the policies pursued over the past year 
seem deliberately designed to remove basic protections from 
the poorest, punish those who are not in employment and make 
even basic health care into a privilege to be earned rather than 
a right of citizenship. ~ the United Nations in 2018 

After narrowing from 1940 to the mid-1970s, the median 
black-white earning gap in the US has since grown as large as it 
was in 1950. ~ American economists Patrick Bayer & Kerwin 
Charles in 2018 

Meritocracy is a myth. Social systems that reward through 
wealth, and which increase inequality, don't aid social mobility, 
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and people pass on their privilege to their children. ~ English 
sociologist Jo Littler 

 

You can never be too rich or too thin. ~ English Duchess 
Wallis Simpson 

The Duchess of Windsor had a point: people who make a 

surfeit of income report being happier than those who strug-

gle economically. 

Money does not buy happiness, but at least you can suffer in 

comfort. ~ American author Lillian Bernstein 

 Societal Impact  

Inequality has a lot of subtle and pernicious effects on socie-
ties. ~ American evolutionary anthropologist Tim Kohler 

The rich getting richer has had little effect on those who 

can only dream of not working until the day they die. It is 

those who expect to retire by retirement age that are most 

rankled by the excesses of the 1%. 

One of the things wealth gives you is safety and security. As 
labor markets become more insecure, and as public safety nets 
become more porous, the role of private safety nets – wealth – 
becomes even more pronounced. ~ Fabian Pfeffer 

 The Upper Middle Class  

I've been told ever since a boy that's what one ought to be: a 
part of the UMC. I'll pretend to be liberal, but I'll still support 
the GOP, as part of the UMC.* ~ American singer/songwriter 
Bob Seger in the song "UMC" (1974) 

In the 21st century, the incomes of the American upper 

middle class, excluding the top tier, have not grown much. 

The income premium earned by those with a top university 

degree has plateaued.  

This economic stagnation has invigorated the patrimonial 

upper middle class (UMC) to maintain their social position 

 
* The GOP is the "Grand Old Party": the American reactionary, pro-

corporate Republican party. 
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by resisting any roll back in political and economic privileges. 

Many of the mechanisms by which the protected class de-

fends itself fuel a sense of precarity.  

The value added of an Ivy League degree relative to a 

high-quality public university may be small, but desperate 

UMC families may feel the need to shell out for the more-

expensive option. Political candidates that pledge to retain 

the privileges of the middle class – of which the top layer re-

ceive the sweetest slice – must be paid for.  

High house prices in prosperous neighborhoods shut out 

those outside the protected class, and simultaneously add to 

the pressure to stay on the rich side of the divide. For those 

in the American upper middle class, these are the trenches of 

class warfare. 

The United States is more calcified by class than Britain, es-
pecially toward the top. ~ British-American economist Richard 
Reeves 

The protections erected by the upper middle class aim to 

raise, or at least maintain, the share of income captured by 

them, at the cost of a smaller share for those below. For those 

in the UMC, minimum wages are not an issue: it's maximum 

wages that worry them. Those in the upper middle class want 

to hoard the American dream. 

As America has become more and more unequal, affluent 
parents have become desperate to pass on their privileges to 
their children and avoid downward mobility at all costs.  
~ American sociologist Jerome Karabel 

 The Middle Class  

To be middle class today is to be in an edgy position. ~ Eng-
lish historian Simon Gunn 

The British and American middle class are a dual portrait 

of struggle to make ends meet. In both the UK and US, the 

middle class isn't just being squeezed: it is shrinking and 

sinking. 

In 2018, with a booming economy, an official government 

survey found that 39% of US adults could not meet a $400 

emergency expense without borrowing or selling something 
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they owned. 64% could not cover 3 months of expenses. 25% 

skipped necessary medical care in the previous year because 

they could not afford it. 17% of Americans cannot pay their 

monthly bills in full. 

The British middle class are no better-off. The average 

working Brit suffered a 10% pay cut in real terms in the 2008 

Great Recession, and the median salary is not expected to get 

back to where it was in 2010 until 2020. 

There is an ongoing hollowing-out of the middle ranks in the 
British job market. People at the top end are doing OK, but the 
rest feel that their lives are getting worse. ~ English labor-mar-
ket maven Stephen Overell 

 Poverty  

The greatest of evils and the worst of crimes is poverty.  
~ Irish playwright George Bernard Shaw 

Poverty and inequality are disturbingly widespread. 1 in 5 
people live in absolute poverty. Even in rich countries, such as 
the US, 1 in 6 people live in (relative) poverty. ~ Ha-Joon 
Chang in 2014 

Globally, poverty is worse than reckoned. World Bank es-

timates are widely used in the international community to 

figure poverty. The World Bank uses an arbitrary 'dollar a 

day' to define poverty, which is not a reasonable metric for 

basic human needs. A study of children in Vanuatu found 

that only 5% lived in poverty according to the 'dollar a day' 

standard, but 17% live in poverty when considering basic 

needs. 

The current international poverty line seriously underesti-
mates global poverty levels. If the World Bank had used a pov-
erty line grounded in basic needs, the number of poor people 
in the world would increase by as much as 30%. ~ English 
sociologist Christopher Deeming 

Over 45 million Americans were impoverished in 2016 

(14%). That rate is much higher for teenagers and the elderly. 

Abject poverty grossly understates the inequity of Amer-

ican society: 43% (140 million) barely get by. The so-called 

'middle class' – working to do their best – is on the bleeding 

edge of poverty. 
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The only explanation that makes any sense are structural 

shifts. ~ American sociologist Deborah Thorne 

Many older Americans are a single financial mishap away 

from destitution. From 1991 to 2016, the number of Ameri-

cans aged 65–74 who filed for bankruptcy leapt 204%. 

The people who show up in bankruptcy are always the tip of 

the iceberg. ~ American law professor Robert Lawless 

Inequity has widespread societal effects beyond the sheer 

economics of depriving people of income, education, and em-

ployment opportunities because they were not born into the 

right family. Inequality is the wellspring of property crime, 

and it takes a severe toll on the health of the underclass. 

Economic insecurity has led to widespread anxiety within the 
population, with greater numbers of households struggling to 
stay afloat. Hopes and dreams for many ordinary Americans 
have been getting further and further out of reach. ~ American 
sociologist Mark Rank 

Millions of poorly educated Americans will have a shorter life 
span than the previous generation as they succumb to despair. 
Meanwhile, in the top 1/10th of 1% now owns almost as much 
wealth as the bottom 90%. 58% of all new income is going to 
the top 1%. ~ Bernie Sanders in 2016 

If you handpick services and goods where there has been dra-
matic technological progress, then the fact that poor people can 
consume these items in 2014 and even rich people couldn't 
consume them in 1954 is hardly a meaningful distinction. That's 
not telling you who is rich and who is poor, not in the way that 
Adam Smith and most everyone else since him thinks about 
poverty. ~ American economist Gary Burtless 

American men in the top 10% of income earners on aver-

age live 14 years longer than those in the bottom 10%. For 

the wealthiest American women versus the poorest 10%, the 

longevity gap is 13 years. Life expectancy in the US is drop-

ping because of economic stress on the vast majority of its 

population. 

The immense wealth in the United States stands in shocking 
contrast with the conditions in which vast numbers of its citi-
zens live. About 40 million live in poverty, 18.5 million in ex-
treme poverty, and 5.3 million live in Third World conditions 
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of absolute poverty. It has the highest youth poverty rate, and 
the highest infant mortality rates. Its citizens live shorter and 
sicker lives compared to those living in all other rich democra-
cies. ~ United Nations in 2018 

Geographically, American poverty is becoming more iso-

lated and more concentrated. In 2000, 11.4% of all Americans 

lived in high-poverty neighborhoods; a rate which climbed to 

14.1% in 2014. For black Americans, those figures are 80% 

higher. 

America is evolving into durable islands of wealth and pov-
erty. ~ American economist Benjamin Austin et al 

There is a 35-year difference in life expectancy between the 
richest US neighborhoods and the most deprived. ~ American 
sociologist Abigail Sewell 

Racism is a significant factor in American inequity. De-

spite ostensible legal equality, blacks and other minorities 

suffer abiding indecency from the white majority. This ani-

mosity affects education, employment, financing, housing, 

and other aspects of life. The economic consequences, which 

go back for centuries, are profound. 

The historical pervasiveness and contemporary persistence of 
racism in America is a scandalous state of affairs to race-based 
economic inequality. ~ American law professor Paul Campos 

The racial wealth gap is deeply rooted in American society. 
~ American economist Caroline Ratcliffe 

A lot of social, educational, and economic resources are 

tied to neighborhoods. Concentrating poverty has conse-

quences for the quality of life now and in the future. 

The poor often behave in ways that reinforce poverty. Scar-
city leads to attentional shifts. ~ American psychologist Anuj 
Shah et al 

Being poor means coping not just with a shortfall of money, 
but also with a concurrent shortfall of cognitive resources. The 
poor are less capable not because of inherent traits, but because 
the very context of poverty imposes cognitive load and impedes 
cognitive capacity. ~ Indian behavioral economist Anandi 
Mani et al 

Poverty is a grind on the mind. 



402 Spokes 6: The Fruits of Civilization  

When you're poor, money is not the only thing in short sup-
ply. Cognitive capacity is also stretched thin. That's not to say 
that poor people are less intelligent than others. The same per-
son experiencing poverty suffers a cognitive deficit as opposed 
to when they're not experiencing poverty. It's also wrong to sug-
gest that someone's cognitive capacity has gotten smaller be-
cause they're poor. What happens is that your effective capacity 
gets smaller, because you have all these other things on your 
mind, you have less mind to give to everything else. ~ Indian 
economist Sendhil Mullainathan 

In 2015, nearly half of American children lived in pov-

erty.* Impoverished American youth are the poorest in the 

developed world.  

Child hunger is a recipe for wasted life potential and so-

cietal degradation. 33% of American teenagers did not get 

enough to eat in 2015.  

Food-insecure teens sometimes resort to extreme measures to 
cope with hunger – from saving school lunches for the weekend 
or going hungry so younger siblings can eat to stealing or trading 
sex for money to buy food. The stress of hunger and poverty 
takes a tremendous toll. ~ American sociologist Susan Popkin 

 

One outcome of the stresses that come from inequity has 

been a rising rate of suicide. In 2016, 45,000 Americans killed 

themselves; most had no mental health issues. Suicide is a 

leading cause of death in the US. 

As the most vocal and vigorous proponent of capitalism, 

the US is noteworthy in its exaltation of wealth and its indif-

ference to inequity; but the trend is universal. 70% of the 

world's populations live in countries where economic dispar-

ity is growing. 

Rising inequality is widespread across rich countries in spite 
of differences in national policies and in spite of aggressive wel-
fare policies in some countries that seek to limit it. ~ Scottish 
American economist Angus Deaton 

 
* Child poverty is at a higher percentage than grown-ups because 

indigent adults breed regardless of their economic condition. On 

that score, Malthus was on the money. 
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 Political Implications  

The political equality that is required by democracy is always 
under threat from economic inequality, and the more extreme 
the economic inequality, the greater the threat to democracy. 
~ Angus Deaton 

Morality aside, a continuing worry over inequity has been 

the potential for vivifying malcontent among the have-nots, 

and so fomenting social unrest. 

Poverty is the parent of revolution and crime. ~ Aristotle 

People's motivation to rationalize and defend the status quo 
is a major barrier to societal change. If people knew how un-
likely it is to realize the American dream, they would demand 
a better system. ~ American social psychologists Martin Day & 
Susan Fiske 

Democracy is founded upon an illusion of equality, at 

least at the level of opportunity. Shattering that illusion for 

the general populace could be a revolutionary event: which is 

exactly what political leaders fear most. 

A core tenet of the American ethos is that there is considera-
ble economic mobility. Americans seem willing to accept vast 
financial inequalities as long as they believe that everyone has 
the opportunity to succeed. ~ American psychologists Thomas 
Gilovich & Shai Davidai 

Rising income inequality has changed the attitudes and be-
havior of American voters, sowing resentment, fanning preju-
dice, and eroding the sense of shared values, shared purpose 
and shared destiny that once held the country together.  
~ American journalist and columnist Steven Pearlstein 

The widespread belief in the equality of opportunity is false 
in every so-called democratic nation. Furthermore, this largely 
covert institutional discrimination is not limited to a few areas 
of an individual's life but is comprehensive and all-encompass-
ing. ~ English psychologist Jim Sidanius & American social psy-
chologist Felicia Pratto in 2001 

Those on the political right are notably wrong in their 

faith that upward economic mobility still thrives in America. 
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Conservatives think that there is more economic mobility in 
the United States than liberals do. ~ Thomas Gilovich & Shai 
Davidai 

Americans generally still believe that there is more up-

ward mobility than downward. Further, they overestimate 

upward mobility and underestimate downward mobility. 

Poor folk believe there is more mobility than the wealthy do: 

hope in the hopeless, and a richer sense of reality among the 

rich. 

The rise in US inequality has been accompanied by increas-
ing hardship among those at the bottom. Americans as a whole 
do not seem as concerned as you might expect about this in-
crease in income inequality. A strong faith in the possibility of 
upward mobility (along with relatively little concern about 
downward mobility) dampens people's reactions to prevailing 
economic inequality. ~ Thomas Gilovich & Shai Davidai 

In 2010, there were 650,000 homeless Americans: a visi-

ble presence in virtually every city. 46 million Americans 

were sunk below the poverty line: a 50% increase since 1980. 

Homelessness and poverty worsened from 2010 to 2018, even 

as the economy supposedly fully recovered. 

By all but the pathologically romantic, it is now recognized 
that this is not the age of the small man. ~ John Kenneth Gal-
braith 

Only 4% of Americans in the lower middle class ascend to 

the upper middle class in their lifetimes. That number is 

lower than almost every other industrialized nation. 

The US has the lowest rate of social mobility of any of the 
rich countries. Zip codes, which are usually reliable proxies for 
race and wealth, are tragically reliable predictors of a child’s 
future employment and income prospects. High child and youth 
poverty rates perpetuate the intergenerational transmission of 
poverty very effectively and ensure that the American dream is 
an illusion. The equality of opportunity, which is so prized in 
theory, is in practice a myth, especially for minorities and 
women, but also for many middle-class white workers.  
~ United Nations in 2018 

The rigging of the economic game in the United States 

has been systematic and systemic. Income mobility – being 
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able to ascend to a higher economic level from that experi-

enced in childhood – dropped by half from 1940 to 1984, and 

its decline has accelerated since. The salutary American 

dream of economic mobility has passed into legend. 

Globally, only 50% of the offspring born in the 1980s earn 

more than their parents did at the same age. That's a sharp 

fall from 1940, when the figure was 90%.  

In 2016, 1/3rd of Americans aged 25–29 lived with their 

parents or grandparents: the highest percentage since the 

Great Depression. 

The crash of 2008 showed how globalization creates losers 
as well as winners. In many countries, middle-class wages are 
stagnant, and politics has become a battle over a shrinking pie. 
Populists have replaced contests between left and right with a 
struggle between cosmopolitan elites and angry nativists.  
~ English political scientist Mark Leonard 

The steepest decline in income and wealth has been in 

middle-class families. The enfeeblement of the working class 

has crippling consequences in much of the world, where con-

sumer spending accounts for over 2/3rds of the economic en-

gine. 

When the rate of return on capital exceeds the rate of growth 
of output and income, as it did in the nineteenth century and 
seems quite likely to do again in the 21st, capitalism automati-
cally generates arbitrary and unsustainable inequalities that rad-
ically undermine the meritocratic values on which democratic 
societies are based. ~ French economist Thomas Piketty 

American voters insensibly registered their malcontent 

with the status quo in 2016 by electing the demagogue Don-

ald Trump as president: an instance of proverbially hiring 

the fox to guard the henhouse.  

Extreme inequality often leads to the capture of the powers of 

the State by a small group of economic elites. ~ United Nations 

Trump was elected by expressing solidarity with ag-

grieved, white, blue-collar men and other fools who were gul-

lible enough to believe his boastful lies. As payback, Trump 

and his plutocratic Republicans passed the most generous 

tax relief for the wealthy in the history of the republic, while 

yielding next-to-nothing to the ordinary workers who voted 
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him in. Middle- and lower-class workers even saw their taxes 

go up while their government-doled benefits dropped. 

I play to people's fantasies. ~ Donald Trump 

 

National and ethnic identities are often dug up to distract at-
tention from discontent over income difference. ~ German 
economic historian Jörg Baten 

Mercantile fringe politicians, often blaming immigrants 

and minorities for their society's problems, have improved in 

European and Asian elections for the same reason as Trump: 

that they may upset the status quo, and provide greater 

equality – so they claim. Like Trump, these fomenters are not 

what they advertise themselves to be. 

There is no natural, spontaneous process to prevent 
destabilizing, inegalitarian forces from prevailing permanently.  
~ Thomas Piketty 

 

Sustained inequality may not be as destabilizing as as-

sumed. Given the persistent ignorance and indifference of the 

masses, the political implications of deep and abiding ineq-

uity in modern societies may be incidental. After all, money 

is latent power, and poverty is powerlessness. 

The more unequal a society, the less likely its citizens are to 
notice. Paradoxically, citizens in some of the most unequal 
countries think theirs is the paragon of meritocracy. ~ Dutch 
economist and sociologist Jonathan Mijs 

 Employment  
The world could one day be filled with nothing but those little 

cogs, little men clinging to little jobs and striving toward bigger 
ones. ~ Max Weber at the beginning of the 20th century 

Soul-destroying, meaningless, mechanical, monotonous, mo-
ronic work is an insult to human nature. ~ E.F. Schumacher 

Employees have become commodities. ~ American econo-
mist George Tyler at the end of the 20th century 
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The fundamental issue is why economies exist. The rea-

sonable and naïve answer is so people may sustain them-

selves, be gainfully employed, and enjoy their lives. 

Modern capitalism aims at an altogether different goal: 

relentless resource exploitation for profit. Under this system, 

humans are a disposable commodity, to be used and dis-

carded when no longer needed; a costly cog in the machinery 

of revenue generation. 

The standard capitalist formula is trying to do the same busi-
ness with fewer people. ~ Warren Buffett 

If it could, capitalism would make do with white rats.  
~ Moroccan French sociologist Jean Baudrillard 

The American workplace is physically and emotionally 

taxing. 78% of workers must be present at their workplace 

during regular business hours. 1/3rd have no control over 

their schedule. Over 70% have intense or repetitive physical 

exertion on the job. 2/3rds work at high speeds or under tight 

deadlines. Over half of American workers are exposed to un-

pleasant or hazardous working conditions. 20% face a hostile 

or threatening social environment at work. Women ubiqui-

tously experience discrimination and unwanted sexual ad-

vances, while men are subject to verbal abuse. 

There is little systematic, representative, and publicly availa-
ble data about the characteristics of American jobs today. Amer-
ican working conditions paint a stark picture. The workplace is 
taxing, both for less-educated and for more-educated workers. 
~ American sociologist and economist Nicole Maestas et al in 
2017 

Though slavery is outlawed, modern employers do their 

best to find a substitute. 20% of American workers are bound 

by non-compete agreements that prohibit them for changing 

jobs to anyone the employer deems a competitor. This perpet-

ual indentured servitude is even required of low-wage work-

ers who have no access to proprietary information. Over half 

of American fast-food workers are barred from going to work 

for another fast-food joint. Wages in states that allow non-

competes are 4% lower than those that do not. 

That the market system grossly rewards capital over la-

bor is a matter of distribution. However sorry such inequity 



408 Spokes 6: The Fruits of Civilization  

may be, an even greater tragedy plays out in wasting people's 

lives by not providing employment for all those who are will-

ing and able to work. 

Job insecurity reduces both physical and mental health.  

~ Belgian psychologist Tinne Vander Elst 

Unemployment has a profound impact on those who suf-

fer it for extended periods. Youth are alienated from the so-

ciety that provides them no opportunity. Despair drives them 

to crime and rebellion. 

Local job losses can both worsen adolescent mental health 
and lower academic performance, and, thus, can increase in-
come inequality in college attendance, particularly among 
black students and those from the poorest families.  
~ American economist Elizabeth Ananat et al 

For those prematurely put out to pasture toward the end 

of their working lives, facing penury leads to suicide. Since 

the 2008 recession, suicide rates have risen in the US and 

Europe. 

People quietly offing themselves is pastoral compared to 

what others do. The young mass murderers that sporadically 

pop up at schools across the American landscape are driven 

by rage in facing the prospect of a wasted life. The killers re-

turn to the institution which inadvertently deceived them to 

render their final denouement on a broken society. 

Gun violence can result from disappointment and despair 
during periods of unemployment, when getting an education 
does not necessarily lead to finding work. ~ American sociolo-
gist John Hagan 

 The Economic Value of Skill  

In the past several decades, the American and British la-

bor markets have increasingly favored the well-educated. 

Wages for college graduates have increased in real terms, 

while those without high-school diplomas has dropped. 

This recent rise in earning power for skilled workers is a 

historical rarity. In the past, the skilled-wage premium has 

been fairly stable, save for 2 sharp declines. 
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 The 1st drop came in the mid-14th century. Life in medi-

eval England was short and interest rates high. Taking on a 

7-year apprenticeship to become a craftsman came at a heavy 

opportunity cost. 

Interest rates in England began to decline toward the end 

of the 13th century. When the Black Death struck in 1348, 

wiping out over 1/3rd of the English population, interest 

rates fell further. Apprenticeships became much more attrac-

tive. The increased skilled labor supply relative to unskilled 

workers drove down the wage premium. 

The 2nd big decline came with industrialization. Crafts-

men whose skills took years to hone were replaced by ma-

chine operators with little training. The share of unskilled 

workers in the English workforce rose from 20% in 1700 to 

39% in 1850. The ratio of artisan wages to laborers' wages 

started to drop near the turn of the 19th century and did not 

recover until 1960. 

What has distinguished the computer age to date from 

the era of industrialization is the favoring of skilled workers. 

This may change as smarter robots become available. As the 

wage premium for a particular skill set rises, firms are given 

a greater incentive to replace the workers who have such 

skills. 
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As it is, 4 of the 5 fastest-growing American occupations 

are in personal care: none of which necessitates having gone 

to college. 

 Robotics  

Globalization and automation have weakened the position of 
workers and their ability to secure a decent wage. ~ US Presi-
dent Barack Obama in 2016 

Automation is mechanical labor-saving. Robotics is a com-

bination of computerization and physical manipulation via 

mechanical device, based upon sensing the environment. The 

employment of robots in manufacturing is factory automa-

tion. 

Since the onset of industrialization, replacing labor with 

machinery has been a major modus operandi for increasing 

profit. An automated glass-bottle blowing machine was intro-

duced in 1905. With it, a 2-man crew could produce 17,280 

bottles in 24 hours at 11¢ per gross, compared to 2,880 bottles 

by a crew of 6 manually, at a cost of $1.80 per gross. 

In the 1930s, Japan was in the forefront of developing 

components for use in industrial automation: making "magic 

eyes" – proximity switches – along with solenoid valves, re-

lays, and timers. 

In the United States, widespread factory automation be-

gan in earnest after the 2nd World War. General Motors es-

tablished its automation department in 1947. 

The automatic telephone switchboard was introduced in 

1892, along with dial telephones. Bell Labs' interest in auto-

mation drove key developments in computerization. The Bell 

telephone system was completely automated in the late 

1960s using digital technology. 

 Mini-mills  
In the mid-1960s, American metallurgist Kenneth Iver-

son was heading a wobbly conglomerate that had only 1 prof-

itable business: steel fabrication. Unable to buy domestic 

steel at an affordable price, or get decent imported steel, Iver-

son decided in 1968 to extend Nucor Corporation into vertical 

steelmaking: from ore to finished product. In doing so as 



 Economics 411 

cheaply as possibly, Nucor innovated what would increas-

ingly become the industry standard: mini-mills.  

Nucor automated its mini-mills as much as possible. Ad-

vances in robotics in the decades that followed made mini-

mills increasingly competitive against the traditional large 

mills. 

Mini-mills accounted for 10% of US steel production in 

1970. By 2006, over half of the national steel output came 

from mini-mills. Mini-mill production share has risen since.  

Between 1962 and 2005, the American steel industry 

shed 400,00 jobs: 75% of its workforce. Domestic production 

dropped ~40% during that period, having gone south and 

overseas. The rest of the job loss owed to automation. 

 

The advent of microprocessors afforded robotics at much 

lower cost than before. Car makers were especial enthusiasts 

for factory automation from the early 1980s. Between 1993 

and 2014, the American car industry more than doubled its 

productivity while shedding 28% of its workforce.  

Industries employ robotics as soon as they became cost-

effective. As robots became more technically proficient and 

adaptable, particularly through the use of increasingly so-

phisticated vision systems, their application range broadens. 

In practically all industries where robots are applied, output 

rises at less cost with fewer workers. 

 From 1999 to 2007, for every robot per 1,000 workers, 6 

people lost their job, and wages fell ~0.5%. From 2000 to 

2018, automation replaced 1.5 million American workers. A 

2016 projection put 6% of all US jobs being lost to robots by 

2021. 

Greater capital mobility and heightened international compe-
tition has led to unrelenting pressure on prices, which results in 
buyers continually looking for new producers who offer lower 
costs, including for labour. ~ Kevin Hewison 

Computerization has advanced so that even small compa-

nies can replace, or at least hasten, many worker tasks with 

software. This trend is accelerating. 
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Even hiring has become automated. As more people ap-

plied for jobs after recovery from the 2008 recession got un-

derway, employers substituted algorithms for people in the 

hiring process whenever possible. Job applicants feel dehu-

manized by the process. 

These artificial barriers make people feel the hiring process is 
impenetrable. ~ English human resources coordinator Heather 
Davies 

The world's top tech companies are spending billions in a 

race to build the best AI and capture the massive market po-

tential, which means the technology is rapidly improving. 

Digital computers have transformed work in almost every sec-
tor of the economy over the past several decades. We are now 
at the beginning of an even larger and more rapid transfor-
mation due to recent advances in machine learning, which is 
capable of accelerating the pace of automation itself. A much 
broader set of tasks will be automated or augmented by ma-
chines over the coming years. The implications for the economy 
and the workforce going forward are profound. ~ American 
economist Erik Brynjolfsson & American computer scientist 
Tom Mitchell in 2017 

Truck driver is the most common job in the world. There 

are 3.5 million of them in the US alone. Several companies 

are competing to create self-driving vehicles and may well 

have the remaining problems licked by 2020. The effort has 

had a long fruition. Experiments on automated driving began 

in the 1920s. A Japanese engineering lab created the first 

autonomous vehicle in 1977. Self-driving prototypes prolifer-

ated in the 1980s. 

By 2021, a disruptive tidal wave will begin. Solutions pow-
ered by AI/cognitive technology will displace jobs, with the big-
gest impact in transportation, logistics, customer service, and 
consumer services. ~ American technology analyst Brian Hop-
kins in 2016 

Just as it did with manufacturing, robotics is now coming 

to a wide range of service industries. By 2025, machines will 

be better at diagnosing medical images and researching case 
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law than people can. Software will crunch accounting num-

bers. Bloomberg already employs AI to write company earn-

ings reports.  

Mathematicians may innovate their way out of work. 

Math mavens now try to figure structures in high-dimen-

sional spaces: something which stretches the human mind 

beyond its natural parameters. 

You can build an intelligent machine that is designed for that. 
It actually lives in a mathematical space, and its native behaviors 
are mathematical behaviors. And it can run a million times faster 
than a human and never get tired. ~ Indian American physicist 
Surya Ganguli 

As before, the boon in productivity will be at the expense 

of workers. From 2016 to 2030, 25% of service-industry jobs 

may be replaced by robots. The massive shift will be much 

faster than previous labor-market transformations. Low-

skilled workers, such as waiters, will suffer the largest loss 

in employment.  

The collision of demographics, automation and inequality is 
likely to create decades of disruption. ~ American economist 
Karen Harris et al 

Some technologists muse that 90% of the population will 

end up redundant to machines. Surely people will revolt 

against corporate dehumanization before then. 

Particularly in urban settings, the lack of employment is tinder 
for lighting a fire of social unrest. ~ American labor leader Andy 
Stern 

 

The upshot is that jobs requiring middling skills have de-

clined as a share of employment. Meanwhile, highly skilled 

workers remain in demand. Robotics penetration into service 

industries will accelerate this trend, creating an even more 

unequal economy. 

For the foreseeable future, automation and digitalization can 
be expected to push down on levels of employment and wages, 
and contribute to increases in income and wealth at the top of 
the distribution. ~ World Economic Forum in 2018 
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The loss of mid-skill jobs has meant that the labor market 

for low-skilled has been flooded, making it easy for companies 

to pay less, and thereby pushing wages toward the legal min-

imum, without health or pension benefits. As the rich get 

richer, a hand-to-mouth existence for common folk has be-

come more common. With bouts of exception, the middle class 

economically slid downhill with the maturation of capitalism.  

Families unable to escape poverty despite working full time 
blight any economic system. Unlike most other rich democra-
cies, America chooses not to provide those who work with a 
wage sufficient to avoid impoverishment. Indeed, its wage struc-
ture causes taxpayers to subsidize low-wage employers.  
~ George Tyler 

10% of American working households are poor. A house-

hold led by a woman, someone in an ethnic minority, or with 

a low education is likely to be employed but impoverished. 

There are millions of Americans working, playing by the 
rules, and they're still trapped in poverty. ~ American sociolo-
gist Scott Sanders 

 

The culmination of the foregoing trends, exacerbated by 

favorable tax treatment for capital and corporations, has 

been to widen the income gap between those who make 

money with money and those who more diligently work for a 
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living. This trend is worldwide, and especially pronounced in 

countries which are economically developed. 

Trade and technology's toll on wages has often been abet-

ted by loosening employment laws. Stiff labor-market regu-

lation propped up labor's share of income in Europe in the 

late 1970s. Then, prompted partly by stubbornly high unem-

ployment, employment liberalization swept the continent as 

a political movement. Labor's share of income plummeted as 

a result. Privatizing state-owned companies further loosened 

labor's hand on the rudder of economic reward. 

 

Income inequality illustrates the moral corruption inher-

ent in capitalism. From the late 20th century, workers in the 

financial sector have been paid at many multiples of those 

laboring in other industries. Also notable is the jump in com-

pensation to top-level corporate managers. 

Bank tellers are basically currency cashiers and are paid 

accordingly. In contrast, high-end financial fiddlers are inor-

dinately compensated because of the obscene volume of 

money they can generate by their machinations. Corporate 

management rigs employment to reward those relative few 

who have the specific skills and social connections to join the 

clique. 

One of the sorriest consequences of our financial system is 
the toll exacted on the legitimacy of providing great rewards for 
great contributions. Finance certainly contributes to prosperity, 
but the vast wealth secured in recent years by a small number 
of financiers does not map into a commensurate increase in cre-
ated or financed new industries or turned around failing com-
panies. Rather, they have used subsidized borrowing to 
leverage the returns of questionable schemes, secure in the 
knowledge that if things go wrong the authorities will step in. 
~ Indian American economist Amar Bhidé 

 

The gross income discrepancies that generally exist owe 

to the nature of the labor market, which is unique compared 

to other goods. Unlike all other commodities markets, the 
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supply of labor comes from consumers, whereas labor de-

mand is determined by producers. 

Labor is like other industries in not being competitive in 

the sense that economists use the term. What that means is 

that workers will not receive the value they contribute, as the 

economic deck is stacked.  

Instead, wages are determined by the relative bargaining 

power between employers and workers, and that balance of 

power has always been skewed away from labor. This is es-

pecially true in the absence of strong labor unions, which 

have become an anachronism owing to the political sway that 

corporations have. Labor union power in the US and UK is 

puny compared to what it was in the 1930s.  

The American middle class in the immediate post-war 

period was largely populated by blue-collar workers who 

attained their socioeconomic status thanks to unions. 

The US auto industry symbolized blue-collar upward mo-

bility. The real incomes of autoworkers doubled from 1947 to 

1973. Because many other companies – unionized or not – 

adopted auto-industry pay rates, wages went up across the 

board. This golden age for labor ended with the 1st oil shock 

in 1973. Inflation set economies reeling. Companies looked 
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for ways to lower costs. As labor was the highest cost, work-

ers were first to feel the squeeze. 

In 1983, 20% of all American wage and salary workers 

were union members. In 2018, only 10% were in unions. 

The labor market doesn't work the way the classic models 
suggest, especially since union membership and federal labor 
standards have been eroded by years of corporate attacks. 
Wages are not set by some pristine equilibrium between supply 
and demand; workers are not paid their marginal contribution 
to their firms' output. In the real world, pay is determined by a 
negotiation between workers and employers, and employers 
typically have a lot more negotiating power than their employ-
ees do. ~ American labor maven Ben Spielberg 

 

Globalization and firms moving factories overseas from 

the 1970s eviscerated labor's power. The high inflation in the 

1970s destabilized economies, withered workers' savings, 

and ironically gave rise to reactionary political movements in 

the US and UK (Reagan & Thatcher, respectively) which 

would further undermine union power.  

Oddly, the political reaction was supported by blue-collar 

workers, who were worried over what was happening to 

them, but failed to comprehend what would happen with a 

change of regime that favored business. Reagan's pandering 

with optimism worked, and workers paid the price.  

One of President Reagan's earliest acts was to break the 

air traffic controllers' union; a union which had endorsed 

Reagan for president. 

As unions withered, large corporations were able to hire 

non-union replacement workers and ship jobs overseas. 

Wages eroded.  

With workers fearing for their jobs, highly profitable 

firms across America successfully demanded large-scale 

wage and benefit concessions across the board, allowing them 

to freeze total employment cost in real terms (i.e., adjusted 

for inflation). 
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For steady employment, those relative few with capital 

largely determine who is allowed to make a living. Like mu-

sical chairs for livelihoods, getting a job is a competitive 

scramble. Underneath it all, the market mechanism powers 

a heartless system operating under the guise of 'freedom.' 

Government is left to remedy the systemic deficiency of 

abiding underemployment. Most governments address the 

problem in a cursory manner: more with bluster, and blam-

ing the unemployed for their predicament, than actually 

helping those that the market has set adrift.  

In the US, even with public education and retraining op-

portunities, a significant proportion of the adult population 

is chronically underemployed or unemployed. This is an ex-

cellent recipe for crime and despair. 

 Employment Figures  

Adult unemployment in the US 1977–2015 averaged 

around 22%, with sharp increases in the wake of economic 

downturns. The youth employment rate is twice that of 

adults in their working prime. 

Unlike the US central bank (Federal Reserve), which os-

tensibly has no political ax to grind, the touted unemploy-

ment rate put out by the US Bureau of Labor Statistics 

under-reports by a factor of 4. But even the Federal Reserve 

lives in la-la land when it comes to characterizing employ-

ment. In January 2017, Federal Reserve chair Janet Yellen 

declared "the economy is near maximum employment," at a 

time when only 63% of adult Americans had a job. 
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Meanwhile, those employed by businesses face the con-

stant pressures of exploitation. Since labor is often the most 

expensive component of corporate doings, employees are 

squeezed as much as the competitive environment allows. 

Employment figures are silent on the quality of employ-

ment. Those on the meanest of measly jobs are considered 

fully employed. 

In May 2018, the US federal labor department celebrated 

their rigged unemployment rate dipping below 4%. The false 

figures had gullible economists marveling at how well capi-

talism had done to recover from its doldrums of a decade ear-

lier and left them scratching their heads why real wage rates 

had not gone up. 

To conventional economists, good news is treated as a 

tribute to the capitalist system, while burst bubbles are ex-

plained away overindulgences of enthusiasm and failures of 

regulatory oversight. In actuality, the toils and tribulations 

of workers continue unabated. For most, getting by is the best 

that can be done. 

 

During growth periods, workers are added to payrolls. 

Wage levels may rise during good times, but not always. Fol-

lowing the 2008 recession, incomes for the average worker 

stagnated, while those in the upper income tiers made more.  

US Labor Force Participation 
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As growth slows, companies shed workers: unemploy-

ment rises. The sprouting surfeit of unemployed labor lets 

businesses squeeze wages and crack the whip for more hours 

for the same pay. 

The United States has the highest proportion of workers in 
poorly paid jobs, and the highest number of annual hours 
worked by poor families with children. ~ American political 
economist Tim Smeeding 

Every downturn sees fewer well-paying jobs emerge in 

the subsequent recovery. So it was in 2010, after the 2008 

recession, when less than half of the jobs that came back paid 

as well as they had in 2007. This has been a continuing trend. 

94% of the 10 million new jobs in the US 2005–2015 were 

either temporary or contract-based, not the traditional sala-

ried positions with fatter compensation. 

America has had blighted generations before, like those born 
in the decade after 1835 and especially the decade after 1905, 
which was cursed by both war and the Great Depression. The 
children of today's baby boomer generation have joined that 
discouraging list, beset by weak wages and wealth erosion.  
~ George Tyler 

Despite the recession that began in 2008, seniors working 

rose while jobs for young people fell. Youth are now having to 

compete for low-paying jobs against their grandparents, 

whose life savings were tied to investments that sank. 
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The number of those working past 65 is at a record high.  

~ American financial journalist Floyd Norris in 2012 

 Precarious Employment  

There's a myth that in the 1950s, everyone was very loyal to 
companies and companies were very loyal to people. But we 
always had a contingent work force that could be laid off at any 
time. They were called women. ~ American economist Ann 
Huff Stevens 

An old employment dynamic was invigorated in the 21st-

century: temporary workers. Besides companies not bringing 

on full-time employees, the Internet facilitated connecting 

freelancers with consumers. The list of personal services pro-

vided on-the-fly has ballooned: everything from walking the 

dog to legal aid for being dogged by the law. 

Precarious work is increasingly common and is expanding on 
a global scale, replacing what has long been regarded as stand-
ard employment. ~ Kevin Hewison 

The majority of those with precarious employment would 

prefer steady work. An insure job makes it difficult to make 

commitments, such as buying a home, or even get married. 

An explosively growing example is peer-to-peer rideshar-

ing. The largest such company is Uber, which was founded in 

San Francisco in 2009. A mobile phone app made connecting 

Uber drivers with passengers easy. The company raked in 
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$37 billion in revenues worldwide in 2017. Meantime, the av-

erage pay of drivers of ridesharing and delivery firms 

dropped 53% from 2013 to 2017 as more drivers entered the 

market. 

In the wake of Uber and other ride-sharing firms, tradi-

tional cab companies have been hurt. The price of a New York 

City taxi medallion (the right to have a cab) dropped 20% 

from 2013 through 2017. 

 Labor Market Fluidity  
US labor markets became much less fluid in recent decades. 

A shift to older businesses, an aging workforce, and policy de-
velopments that suppress reallocation all contributed to fluidity 
declines. Reduced fluidity has harmful consequences for 
productivity, real wages, and employment. ~ American econ-
omists Steven Davis & John Haltiwanger 

In the United States, much of Europe, and Japan, labor 

is bifurcated into secure, predominantly skilled jobs and pre-

carious, mostly unskilled work. The split owes to inflexible 

labor markets that make it harder for workers to climb the 

job ladder. 

Labor market solidification partly owes to structural 

changes in the economy. New businesses create jobs; old 

ones, not so much. Occupational licensing raises barriers to 

entry for occupations that once were open to those with pluck 

and skill. American employers used to be free to sack workers 

more or less as they pleased, but "employment at will" has 

been eroded by court decisions which create an implicit con-

tract between employee and employer. The flood of online in-

formation now available allows employers to better discretely 

screen applicants, leading to less use of trial employment, 

where workers may prove themselves beyond their past. 

A significant labor solidification force is oligopolization. 

Because the American economy is dominated by so few large 

employers, US employment is roughly 12% lower, and wages 

depressed at least 22%. 

The US labor market is highly concentrated. ~ Spanish econ-
omist José Azar et al 
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Fluidity has fallen most for the young and least educated: 

those who especially need a break. For youth on the make, 

loss of fluidity makes it harder to move to better jobs, change 

careers, or win pay raises. For the unemployed, work oppor-

tunities come along less often: jobless spells lengthen, 

thereby morphing someone unemployed into unemployable 

via the perceived sin of idleness. 

The U.S. economy faced serious impediments to high em-
ployment rates well before the Great Recession, and sustained 
high employment is unlikely to return without restoring labor 
market fluidity. ~ Steven Davis & John Haltiwanger 

The decade-long recovery from the 2008 recession illus-

trated the volatility of the marginal labor pool. The disadvan-

taged were the last to be hired and will be the first to let go 

when the inevitable downturn arrives. The benefit of a 

heated economy to underclass employment pales to the pen-

alty when the economy cools. 

 Employment & Inflation  

In the years following the 2008 recession, the official un-

employment rate fell far faster than the recoveries in Ameri-

can and Britain seemed to justify. Whereas the UK 

unemployment drop could be chalked up as job growth, US 

figures reflected frustrated workers leaving the labor force. 

The dynamics of the British and American economies di-

verged in the wake of the 2008 crash. Output in both econo-

mies tumbled sharply, but the US bounced back relatively 

quickly, except in employment. In the UK, the trends were 

reversed: a brutal decline in output and feeble recovery, but 

the downturn in jobs was subdued. The distinction in employ-

ment practices reflected differences in inflation rates. 

Relatively high inflation in UK meant that pay stubs 

shrank in real terms: British workers became cheaper rela-

tive to the prices of goods and services. Lower real wages en-

couraged hiring, while inflation checked borrowing for 

capital investment. Productivity fell, but employment was 

propped up. By mid-2018, official unemployment in the UK 

was miniscule but so were wages: less than they were a dec-

ade earlier, in the teeth of the 2008 recession. 
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America's nominal wage growth was similar to Britain's, 

but inflation was milder. As a result, real wages in the US 

nudged up following the 2008 crunch. That encouraged firms 

to squeeze more from their existing workforce rather than 

hire more workers. 

In shock from a financial shelling, chastened banks are 

only willing to lend for tangible collateral – like buildings and 

equipment – that can be seized in a default. Companies that 

rely more upon machines than men therefore perform better 

in a recovery, pushing down demand for workers. Without a 

big drop in wages, weak labor demand yields a jobless recov-

ery, or one that pays less for the workers who are hired: a rise 

in temporary positions, but not full-time employees. Such 

was the case in the US in the wake of the 2008 recession. 

As the American economy continued to recover in the 

mid-2010s, the labor market tightened, but wages did not 

keep pace with inflation. This was quite unlike the beginning 

of the century, when wages rose with a tight jobs market. The 

situation in the 2010s demonstrated how strongly the market 

economy had become stacked against the average worker. 

Labor-market recovery from financial crises is characterized 
by either higher unemployment (jobless recovery) or a lower 
real wage (wageless recovery). Inflation determines the type of 
recovery: low inflation is associated with jobless recovery, 
while high inflation is associated with wageless recovery. ~ Ar-
gentinean-American economist Guillermo Calvo et al 

 Shipping Jobs Overseas  

A long-standing way to cut costs is to employ the cheapest 

labor. Putting factories in foreign countries has been partic-

ularly pronounced in the US. 

US manufacturing employment peaked during the 2nd 

World War. It has been downhill ever since.  
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American multinationals started shipping jobs to neigh-

boring Mexico in the early 1980s. Car makers were among 

the first. The practice quickly spread. Companies left their 

home turf and went shopping for suitable locations to invest. 

The trend to offshore production has accelerated in the 21st 

century.  

American companies often save on costs by finding lower 
wages abroad, not by enhancing the abilities of American work-
ers. ~ American economist Tyler Cowen 

Overseas jobs have robbed millions of American workers 

of the means to make a comfortable living. Of the 3.9% fall in 

labor's share of income in the US 1985–2010, 85% of the drop 

can be attributed to jobs lost overseas.  

Companies once felt an obligation to support American 
workers, even when it wasn't the best financial choice. That's 
disappeared. Profits and efficiency have trumped generosity.  
~ American economist Betsey Stevenson 

 From 2000 to 2009, American multinationals cut US em-

ployment by 2.9 million while expanding employment over-

seas by 2.4 million. Many of these transplanted factories 

produce products that are shipped directly back to the US, 

displacing goods that had been previously made domesti-

cally.  

1940 2000 1950 1960 

US Manufacturing Employment 

1970 1980 1990 2010 

30% 

20% 

10% 



426 Spokes 6: The Fruits of Civilization  

 Apple Computer  

Apple is an example of why it's so hard to create middle-class 
jobs in the US now. If it's the pinnacle of capitalism, we should 
be worried. ~ American economist Jared Bernstein 

Apple earns $400,000 in profit per employee: top rung in 

wringing lucre from its workers. It has done so by shipping 

jobs overseas whenever possible. 32% of Apple's 63,000 em-

ployees are in foreign lands.  

A much larger army of 700,000 contractors engineer and 

manufacture Apple products. None of them do so on US soil. 

Those jobs aren't coming back. ~ Steve Jobs in 2009 

 

Weeks before the first iPhones were to come out, in 2007, 

they needed to be revamped: at the last minute, Steve Jobs 

demanded that the iPhone screen be glass, not plastic, which 

was easily scratched.* This material change necessitated an 

assembly-line overhaul. 

New glass screens arrived at the factory outside Shang-

hai near midnight. A foreman immediately roused 8,000 

workers from their beds in the company's dormitories. 

Each employee was given a biscuit and a cup of tea, then 

put to work on a 12-hour shift, fitting glass screens into bev-

eled frames. Within 4 days, the plant was producing 10,000 

iPhones daily. 

The speed and flexibility is breathtaking. There's no Ameri-

can plant that can match that. ~ Apple executive 

Contract workers for Apple were working 12-hour shifts, 

18 days in a row, despite repeated requests for a day off. Ex-

hausted workers could not help falling asleep at their sta-

tions. In 2010, 14 overwhelmed Apple factory workers in 

China committed suicide. 

Worker safety and well-being are our top priorities. We are 
aware of no other company doing as much as Apple to ensure 
fair and safe working conditions. ~ Apple corporate statement 

 
* It is ridiculous that this had not been considered early on, but 

managers reflexively went with plastic because it was cheaper. 
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The US has stopped producing people with the skills we 
need. ~ Apple executive 

Industrial engineers have to oversee production work in 

factories. Apple claimed that the Chinese could readily meet 

manpower demands that the US could not, and at a much 

lower cost than imaginable using American workers. 

The entire supply chain is in China now. ~ Apple executive 

China is not just cheap. It's a place where, because it's an 
authoritarian government, you can marshal 100,000 people to 
work all night for you. ~ American economist Susan Helper 

 

Our merchants and master-manufacturers complain much of 
the bad effects of high wages in raising the price, and thereby 
lessening the sale of their goods both at home and abroad. They 
say nothing concerning the bad effects of high profits. They are 
silent with regard to the pernicious effects of their own gains. 
They complain only of those of other people. ~ Adam Smith in 
1776 

Apple is exemplary of large product companies across 

America and the western industrialized world. For the most 

part, only niche companies that have not reached sufficient 

size to manufacture overseas still make products domesti-

cally. 

There are notable exceptions among international corpo-

rations. While it has assembly plants around the world for 

bikers in foreign countries, Harley-Davidson makes its 

American motorcycles in the United States. 

 

In the span of a few decades, US industry shrunk by half. 

Industrial production in 2015 was only 17% of American 

GDP, compared to 26% in Europe, with Germany as the con-

tinent's primary contributor.  

As of 2015, an extensive survey showed that the US does 

not lack for skilled manufacturing workers, despite employ-

ers long decrying a mythical "skills gap;" but skills erode 

without employment. France is exemplary. 
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France had high unemployment for well over a decade. As 

its economy picked up in 2017, businesses could not fill open-

ings because of a skills shortage in the labor supply. 

That is not to say that the American labor pool is well-

tooled intellectually. The quality of American public educa-

tion is lamentable. 

Inadequate education is a major problem. ~ American econ-
omist Jonathan Rothwell 

The quality of the US labor supply is not an issue of im-

migration: 2/3rds of low-skilled Americans were native born. 

The human capital base in the United States is quite thin: the 
US has mediocre labor assets. ~ German statistician Andreas 
Schleicher 

That said, well-educated people have troubled finding 

jobs commensurate with their education. In 2016, nearly half 

of US college graduates were working at jobs which required 

only a high-school diploma. 

Regardless of formal education, employers themselves 

create a skills gap by not training workers. Apprentice and 

management-training programs have disappeared from the 

American corporate landscape. There are plenty of workers 

able to fill all the empty job positions, if only employers were 

themselves savvy enough to fashion programs that reward 

labor with some instruction as well as decent pay. 

 

Once upon a time, economic recovery led to expanded em-
ployment of the United States population. Not anymore. The 
percentage of adults employed has declined sharply during the 
last 2 recessions and failed to increase much in their aftermath. 
~ American economist Nancy Folbre 

In the short term, offshoring unlinks economic growth 

from domestic job creation. US firms can meet rising Ameri-

can demand through imports, with scant need to add more 

domestic workers. Imports rise, but not employment. 

In the longer term, offshoring saps the prospect of eco-

nomic growth. 70% of the US economy is driven by consumer 

expenditures. Employment fuels consumption, which drives 

the economic engine.  
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Fewer jobs spells less consumption. Growth peters out. 

Thanks to destructive outsourcing and faltering investment in 
research, the US has lost or is on the verge of losing its ability 
to develop and manufacture a slew of high-tech products.  
~ Gary Pisano & Willy Shih in 2009 

 

 Bangladesh  

Bangladesh is the world's 2nd-biggest supplier of clothes, 

behind China. More than 80% of its output is exported to Eu-

rope or the US.  

In 2013, Bangladesh's garment industry made $19 billion 

from its 5,000 factories that employed 4 million people. 90% 

of them are women, who make $38 a month: less than 20% of 

the wage rate in China; and they are worked to the bone. 

At night I was so exhausted. My whole body ached. ~ teen-
age Bangladesh female garment worker Mahinur Akhter, who, 
bloody and barely conscious, was dragged from the rubble after 
Rana Plaza collapsed 

95% of the clothing factories are owned by local investors. 

Factory owners used to average 50% returns on their invest-

ments, but that slid to 20% as global oversupply reduced gar-

ment prices. 

 Rana Plaza Collapse  

In 2013, a building complex that included a shopping cen-

ter and 5 garment factories collapsed in Savar, an industrial 

area near the capital city Dhaka. Planning approval had only 

been given for 5 of the building's 8 stories. 

The building's owner, Sohel Rana, ignored warnings of 

imminent collapse by the appearance of cracks throughout 

the building in the days before. He instead ordered workers 

to return to work. Rana tried to flee the country but was 

caught near the border. 

The rescue operation was a fiasco. The area was not even 

cordoned off. Soldiers and firemen stood by to let locals drag 

out corpses and survivors. At one point, bystanders pelted 



430 Spokes 6: The Fruits of Civilization  

volunteers with stones for their slow progress, prompting po-

lice to spray tear gas. Day by day, the stench of rotting bodies 

bloomed. 1,130 were killed and 2,500 injured. 

 

Somewhere around 60% of the buildings are vulnerable.  
~ Bangladeshi civil engineer Mehedi Ansary 

Rana Plaza was just the largest and most publicized 

building tragedy in Bangladesh. In the decade before, hun-

dreds of other factories fell or were consumed by fire; always 

with casualties. Though over 1,000 workers died from such 

disasters from 1990 to 2012, no factory owner was charged 

with any crime.  

The trend will continue. Like other countries, Bangla-

desh's legal system rarely favors anyone confronting the 

power structure, including the moneyed class. 

 The Value of Economics  
A cynic is a man who knows the price of everything and the 

value of nothing. ~ Oscar Wilde 

Philosophers have long known that assigning value is a 

fraught enterprise. Economists never figured out how to in-

corporate value into their models. Instead, conventional eco-

nomics all comes down to price. This biases perspective, 

renders wrong conclusions, and limits relevance. 

The conclusion that individuals acting independently for their 
own advantage will produce the greatest aggregate of wealth 
depends on a variety of unreal assumptions. ~ John Maynard 
Keynes 

Things which do not come with a price attached have been 

generally ignored by economists. If unpaid work was included 

in American GDP, its value would ascend by over 25%, and a 

very different picture of the economy would be drawn. The 

same may be said of all economies. 

There have been attempts to incorporate externalities, 

such as pollution and other social costs, into economic mod-

els. These have been nothing more than academic exercises 
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without consequence, as capitalism runs solely on things to 

which a price tag can be attached. 

Turning externalities into markets, such as pollution con-

trol, have never worked well, if at all. Pinning price on some-

thing by dint of government mandate makes its market 

cynical: priced, but without a proper value to society. 

Conventional economists axiomatically assume that price 

is an apt mechanism for allocating resources, forgetting alto-

gether that there is no right to resources beyond the violence 

needed to enforce a claim of private property. In essence, cap-

italism runs on the principle of "might makes right," which is 

an abrogation of morality, not its embrace. 

Even nudging people to think about their choices in eco-

nomic terms erodes moral conscience: they become less gen-

erous, trusting, and trustworthy. The pecuniary perspective 

is inherently immoral: a disease of the mind. 

Economists ignore a more subtle point about price as a 

metric for resource allocation: money has a diminishing mar-

ginal value. The more you have, the less value an extra dollar 

has. Whatever joy and comfort that winners in the capitalist 

game reap are far outweighed by the suffering that the vast 

mass of humanity endures. In every economy, even the rich-

est, the bottom 2/3rds of the population is under the contin-

ual duress of economic stress. Economic inequality is social 

inequity. 

There are economic aspects of life which economics have 

not captured, let alone what is really of value in life. Econom-

ics is not a dismal science for what conveys, but for what it 

leaves behind. 

We have forgotten that the economy is a tool to serve the 
needs of society and not the reverse. The ultimate purpose of 
the economy is to create prosperity with stability. ~ Anglo 
French financier and tycoon James Goldsmith 

 Synopsis  
We have now sunk to a depth at which the restatement of the 

obvious is the first duty of intelligent men. ~ George Orwell 
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History 

➢ Since the earliest civilizations, economic and political 

power have been entwined, shaping societal dynamics. 

From the late Middle Ages, commerce began to drive gov-

ernmental policy, rather than the government dictating 

economic activity. This trend accelerated in the industrial 

age. Now economics impels politics as a platform for plu-

tocracy. 

➢ The modus operandi of capitalism has been consistent: 

avid avarice, wasteful exploitation, and the casual disre-

gard for the well-being of other humans and Nature. 

The brutality of a man purely motivated by monetary con-
siderations often does not appear to him at all as a moral de-
linquency, since he is aware only of a rigorously logical 
behavior. ~ German sociologist Georg Simmel 

➢ In valuing capital over labor, market economies invaria-

bly concentrate wealth. Capitalism has produced breath-

taking inequity: a tiny clique hoards enormous riches and 

controls the economic levers, while the vast majority 

struggle to make ends meet, living at the sufferance of 

paymasters, if they are even allowed to work. Even in the 

most prosperous capitalist economies, an extensive un-

derclass abides in poverty, subjugated by discrimination 

and lack of opportunity. 

A capitalism shaped by the few and unaccountable to the 
many is a threat to all. ~ Barack Obama 

➢ The United States and other mature economies increas-

ingly rely upon financial speculation for wealth genera-

tion, which is illusory in not being based upon productive 

capacity. 

The lure of easy money has a very strong appeal. ~ Amer-
ican musician Glenn Frey in the song "Smuggler's Blues" 
(1984) 
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➢ Deception and fraud are common, especially in the finan-

cial sector, where it is most easily accomplished and con-

cealed. Spawned by greed, corruption is integral to the 

moral character of capitalism. 

Barbarism is a strategic quality of the economic system: it is 
what reigns beyond the limits of coordinated civilization. Not 
having any limits or government any more, the universal em-
pire of the market, a reflection of global speculative private 
interests, turns into barbarism due to its not being a republic.  
~ Italian anthropologists Alessandro Dal Lago & Salvatore 
Palidda 

Economists 

The conventional view serves to protect us from the painful 
job of thinking. ~ John Kenneth Galbraith 

➢ Rather than treat economics as the realistic, prescriptive 

discipline it could be, capitalist economists built para-

cosms and treated economics as faith based. 

Economics emerged in the 18th and 19th centuries as an 
attempt to explain and to justify a market system. ~ Alfred E. 
Kahn 

Despite centuries of evidence, the attendant conse-

quences of the covetous cunning of men just hasn't sunk 

in. Instead, a vague, unjustified optimism prevails. 

➢ Orthodox economists have consistently overlooked 2 per-

sistent and intractable trends inherent in market econo-

mies: 1) wealth concentration which leads to socially 

divisive inequity, and 2) extensive environmental damage 

which is unsustainable. Instead of apprehending actual-

ity, market enthusiasts view capitalism's intrinsic afflic-

tions like stains on a fine fabric: recommending only the 

spot treatment of limited government intervention, leav-

ing the basic corrosive mechanics untouched. 

Market fundamentalists never really appreciated the institu-
tions required to make an economy function well, let alone 
the broader social fabric that civilizations require to prosper 
and flourish. ~ Joseph Stiglitz 
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Economics 

➢ The conceptual key that supposedly justifies market econ-

omies is the price mechanism, which supposedly effi-

ciently allocates resources. This is a sham: all a price does 

is establish a momentary transaction point between a 

seller and a buyer. Further, oppressive lasting externali-

ties are not captured in the pricing mechanism. 

➢ Oligopoly is the norm for mature industries in most sec-

tors of market economies. By this, capitalism advantages 

corporations at the expense of workers and consumers, 

thereby degrading societies. 

Globalization has led to an escalation of risks. Economic 
growth has come at the expense of ecosystems. What is 
rational for individuals is increasingly irrational for society.  
~ English public policy maven Ian Goldin 

➢ The financial sector ostensibly functions to allocate capi-

tal to productive resources. But the overriding objective 

of investors is to make money with money, and so invest-

ment is skewed to maximize returns. Beyond the propel-

lent of greed, investors' herd instinct generates boom/bust 

cycles: amplifying investment effects and accelerating 

downward spirals. 

➢ Capitalism boils down to opportunistic profiteering. Only 

ignoramuses speak of a market economy as efficient in 

any worthy sense.* Capitalism is a system for wasting 

natural resources, generating pollution, and dispensing 

inequity, as history has amply shown. 

American capitalism is really socialism for the rich.  
~ George Bernard Shaw 

Any system that values profit over human life is a very dan-
gerous one indeed. ~ American philosopher Suzy Kassem 

 
* Bureaucratic rationalization – setting aside humane concerns for 

stark operational efficiency – is not the same as efficient in terms 

of resource use. 



 

 The Fruits of Civilization  
Humankind has not woven the web of life. We are but one 

thread within it. Whatever we do to the web, we do to 
ourselves. All things are bound together. All things connect. 
~ Chief Seattle 

The illusion of the independence of humans from Nature is 
dangerous ignorance. ~ American scientists Lynn Margulis & 
Dorion Sagan 

Everything in excess is an enemy to Nature. ~ 4th-century-
BCE Greek physician Hippocrates 

The prolific population growth wrought by industrializa-

tion made tremendous demands on the world's natural re-

sources. The unprecedented level of exploitation brought 

forth the fruits of civilization. 

This proud and troublesome thing called man, that fills the 
Earth with blood, and the air with mutherous minerals and sul-
phur. ~ English environmentalist Thomas Tryon in 1700 

 Ecological Impact  
One thing is sure. The Earth is now more cultivated and de-

veloped than ever before. There is more farming with pure 
force, swamps are drying up, and cities are springing up on an 
unprecedented scale. We've become a burden to our planet. 
Resources are becoming scarce. ~ North African Roman Chris-
tian theologian Tertullian in the early 3rd century 

In 1750 the world had 800 million people. On the heels of 

the Age of Discovery, many Europeans thought the planet's 

resources inexhaustible. 

In Wealth of Nations (1776), Adam Smith discussed culti-

vable land as a possible constraint on economic growth. The 

economic consequences of diminishing marginal agricultural 

yield were well understood, but there was no widely accepted 

suggestion of limits to growth on a planetary scale. In his 

time, Malthus was a lonely raving pessimist. 

Any intrusion into Nature has numerous effects, many of 
which are unpredictable. ~ American ecologist Garrett Hardin 
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Environmental degradation was long considered a local 

problem. Indeed, into the 21st century, the common refrain 

of those who denied man-made climate change was that hu-

mans were simply not that significant. 

Along that line, it was long thought that prehistoric peo-

ples did not degrade the environment. This sophistry spilled 

from several false assumptions: population numbers and 

densities too low to matter, technology was ineffectual, and 

early peoples lived in harmony with Nature.  

Instead, humans have always been a destructive force: 

ever at odds with Nature in ceaselessly attempting to exploit 

it. Vast areas of forest and grassland were burned, vegetation 

irretrievably altered, soils soiled, fauna eradicated. 

The adoption of agriculture, combined with its 2 major con-
sequences – settled communities and steadily rising population 
– placed an increasing strain on the environment. That strain 
was localised at first, but as agriculture spread, so did its effects. 
~ Clive Ponting 

As early as 6000 BCE, within 1,000 years of the Fertile 

Crescent having settled communities, villages were being 

abandoned, as erosion from deforestation and intensive agri-

culture damaged the soil, making it impossible to grow 

enough food. 

Humans have been having a massive effect on the environ-
ment for a very long time. ~ American paleobiologist Kathleen 
Lyons 

From hunting megafauna in prehistory to deforestation 

to create arable acreage, humans have always had a signifi-

cant and lasting impact. Indeed, from the tropics to the bo-

real, forests were never pristine, nor animal populations left 

untouched: all were attacked by man since his emergence.  

When early humans started farming and became dominant in 
the terrestrial landscape, we see this dramatic restructuring of 
plant and animal communities. ~ American biologist Nicholas 
Gotelli 

Through the birth of towns, people wrought exclusion 

zones from Nature. Not only were wild animals not tolerated, 

but the vegetation was much modified, and the wastes of hu-

manity accumulated in and around settlements. 
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The emergence of settled societies created a problem that has 
still not been solved across the world: disposing of human ex-
crement and urine whilst obtaining decent drinking water.  
~ Clive Ponting 

During the 16th century, European settlers in the New 

World killed 56 million indigenous people. Large swaths of 

farmland and settlements were abandoned and reforested. 

The additional vegetation decreased atmospheric carbon di-

oxide, invoking an ice age in the mid-17th century. 

CO2 and climate had been relatively stable until this point. 
The only way the Little Ice Age was so intense is because of the 
genocide of millions of people. ~ English climatologist Mark 
Maslin 

Industrialization kicked environmental damage into 

overdrive. Now, no land, sea, or sky remains unblemished by 

human activity. 

Rich countries are siphoning up the planet's resources and 
destroying its ecosystems at an unprecedented rate. We are 
wrecking our planet's life support systems. ~ Paul Ehrlich 

 

Our disproportionate place on Earth is striking. ~ Israeli en-
vironmental scientist Ron Milo 

Humanity is just 0.01% of Earth's living biomass. Of all 

the extant mammals, humans are 36% of the biomass, their 

livestock 60%, and wild mammals just 4%. Since the descent 

of man, 83% of wild mammal species have become extinct. Of 

the birds in the world by weight, 70% are poultry livestock, 

30% are wild. 

We are doing something that will last millions of years be-
yond us. ~ Danish bioscientist Matt Davis 

With a singular glaring exception, Nature exhibits a gyral 

balance. Predators do not commit communal suicide by nu-

merically overtaking their prey. Microbes, plants, and some 

animals build habitats which benefit other species. Fungi 

and other saprovores recycle leftovers so that valuable ele-

ments are reused. The great exception to this wondrous 
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scheme is mankind: a top predator that seems to exist pre-

ternaturally. The Biblical claim to dominion has spelled dev-

astation. 

There is urgency in coming to see the world as a web of in-
terrelated processes of which we are integral parts, so that all of 
our choices and actions have consequences for the world 
around us. ~ Alfred North Whitehead in 1947 

 Easter Island  
Polynesians had landed their canoes 

on Easter Island by 900 CE. The 163.6 km2 

island is at the southeast corner of the 

widespread cluster of islands now known 

as Polynesia.  

Easter Island was politically annexed 

by Chile in 1888, which is over 3,500 kilo-

meters away. By then it was a spent rock: 

its remaining natives having been raided by Peruvian slave 

traders, and further devastated by smallpox and tuberculosis 

brought by Europeans. 

When first inhabited, Easter Island was a lush forest, 

with huge palm trees. Its soil was rich, the climate mild. 

Easter Island is cool by Polynesian standards, and windy. 

Its rainfall averages only 127 cm: abundant by the standards 

of Mediterranean Europe or southern California, but well be-

low the Polynesian norm. 

The modest level of precipitation is compounded by the 

porous volcanic soil, which quickly absorbs rainfall. Freshwa-

ter is limited. 

Unlike the rest of Polynesia, which is closer to the equator 

and dotted with coral reefs, Easter Island lacks seafood abun-

dancy. With the haul from the sea constrained, Easter Is-

landers took to extracting the terrestrial resources. 

Politically, the island split into a dozen clan territories, 

with the typical Polynesian tribalism of chiefs and common-

ers. What was unusual about Easter was that the clans were 

integrated religiously, and to some extent economically and 

politically. This owes to the island having an uneven distri-

bution of valuable resources. 
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Rocks took on a special significance: stones make the soil 

moister by providing cover that reduces evaporative loss from 

the Sun and wind. Rocks dampen the diurnal fluctuations in 

temperature by absorbing heat during the day and releasing 

it at night. Rubble in the dirt protects against erosion. Stones 

also serve as slow-acting fertilizer, leaching their nurturing 

minerals into the soil year after year. 

Lithic mulch agriculture was independently invented by 

farmers in several dry regions of the world. Easter Island was 

one of them. On Easter, besides strewing stones in the soil 

among crops, large boulders were stacked as windbreaks.  

The advantage in bounty of rock gardening is enormous: 

anywhere from 4 to 50 times the yields that otherwise could 

be obtained. 

The clans competed peacefully by trying to outdo each 

other in building huge stone platforms (ahu) and statutes 

(moai): the mysterious monuments that made the island fa-

mous. 

For 7 centuries, the population of Easter grew toward a 

summit of 30,000, as the natives inexorably consumed the is-

land's natural resources, both fauna and flora. By 1600 the 

island was completely deforested. Much of the interior was 

converted into rock gardens so as to grow crops. 

Increasingly fierce competition morphed into war for the 

limited resources left. Clans turned on each other. Moai were 

toppled by rivals. 

The collapse of Easter Island's civilization was swift, oc-

curring just after reaching a peak of population and environ-

mental impact. By the time Captain Cook visited in 1774, the 

natives he met marveled at the wood in his ships: a substance 

no longer grown on the island. 

 Tikopia  

Tikopia is a small island in the southwestern Pacific, part 

of the Solomon Islands, culturally Polynesian.  

The 5 km2 island has been peopled for 3,000 years; first 

inhabited around the same time as Easter Island. The na-

tives micromanaged their resources and regulated popula-

tion size carefully, and so sustained themselves in isolation. 
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Tikopians never indulged in the slash-and-burn agriculture 

casually practiced on much of the planet. 

The challenge has been considerable. Tikopia lies in the 

Pacific's cyclone belt. After the dry season of May and June, 

cyclones may unpredictably destroy gardens.  

Tikopians survive the cyclones themselves by retreating 

to caves on higher ground and avoid starvation in the after-

math with fermented breadfruit paste that remains edible for 

a couple of years, and by eating fruits and vegetables gener-

ally shunned out of preference. 

Around 1600 CE, the islanders decided to slaughter all the 

pigs on the island, as they were taking too much food that 

could be eaten by people. Subsequently, seafood substituted 

for pork. 

Tikopians have practiced various methods to keep their 

population in check, including coitus interruptus, abortion, 

infanticide, and suicide. During the 16th century, population 

pressure provoked the genocide of 2 of the smallest tribes. 4 

now remain. 

Tikopia was "discovered" by Europeans in 1606. The sub-

sequent cultural influences have been destructive, particu-

larly that of ignorant-but-arrogant Christians, who frowned 

on birth control and so disrupted traditional practices, to con-

siderable social dislocation. 

 China  

The negative effects of energy consumption and pollution 
have restrained the Chinese economy. ~ Chinese economist 
Yanqing Xia 

The overall environmental situation is very grave. ~ Chinese 
vice minister of environmental protection Li Ganjie in 2011 

China's economy growing like a weed since the 1980s has 

been attained through intense environmental destruction 

and pollution of its land, water, and air. China is the greatest 

generator of greenhouse gases and the world's most vile pol-

luter.  

75% of China's energy consumption comes from coal. 

Much of the electrical generation capacity is needed for defi-

cient construction. 
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Chinese buildings rarely have thermal insulation. They 

require twice as much energy to heat and cool as those in 

similar climates in the US and Europe. Almost all new build-

ings do not meet China's own codes for energy efficiency. 

Deceit is standard business practice in China. In recent 

years, Chinese consumers have been duped by tainted alco-

hol, phony flour, horrible honey, poisonous rice, infested veg-

etables, malevolent meats, cooking oil from the sewer, 

lethally contaminated baby milk, shoddy condoms, and un-

sanitary menstruation pads. Though skullduggery is a uni-

versal human practice, no culture is as fraught with fraud as 

that of the Chinese. 

 

40% of China was once covered with grass, mainly in the 

drier north. China was 2nd only to Australia in the extent of 

its grasslands. 

Grass does not grow in China like it used to, thanks to 

overgrazing, mining, and other development. Grass produc-

tion is down 40% since the 1950s, with weeds replacing the 

once-healthy grass. 

Grass degradation has had dire consequences. China's 

grasslands in the Tibetan Plateau are the headwaters for ma-

jor rivers throughout Asia. River floods and altered water 

flows have resulted from grassland damage.  

The loss of grass has also increased the frequency and se-

verity of dust storms in eastern China. For at least 2 millen-

nia ago until 1950, dust storms used to afflict northwestern 

China on average once every 31 years. 1950–1990, dust 

storms howled once every 20 months. Since 1990, dust storms 

devastate almost every year. 

China has long been a forest-poor country. It now has only 

1,200 meters2 of forest per person, compared to a world aver-

age of 6,500 m2. Forests cover 22% of China's land, compared 

to 68% of Japan, 63% of South Korea, 38% of Canada, 34% of 

the US, 32% of Germany, 31% of France, but only 13% of Brit-

ain. The Brits chopped their trees down centuries ago.  

The Chinese deforested large tracts of land millennia ago. 

The pillage of Nature worsened in every way in modern 
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times, most markedly with the acceleration of industrializa-

tion from the early 1950s, when the Communists took charge. 

Droughts have increased because deforestation has dis-

turbed the natural hydrological cycle. This has been abetted 

by draining lakes and wetlands, which decrease water sur-

face areas for the evaporation that feeds rainfall. 

China's wetlands have shrunk, and water levels in the re-

maining wetlands are fluctuating wildly. Their capacity to 

mitigate flooding and store water have diminished.  

60% of the swamps on the Sanjian Plain in northeast 

China have been converted to farmland. At the present rate 

of exploitation, the wetlands will be gone altogether by 2025.  

 

Once home to 10% of the world's plant and terrestrial ver-

tebrate species, 20–40% of China's flora and fauna are facing 

impending extinction, including the celebrated Giant Panda. 

The aquatic situation is just as bad, if not worse. The se-

vere degradation of both freshwater and coastal marine areas 

via pollution and overfishing is putting severe pressures on 

these environments. Innumerable species are near extinc-

tion, including those which used to live in enormous num-

bers. 

 The Chemistry of China  

This is about corrupt officials and money. ~ Chinese worker 
Zhong Zhichun on industrialization in China 

Local officials in rural districts welcome industrial com-

panies for the revenue they bring. Besides lining the pockets 

of functionaries, industry provides a steady emanation of pol-

lution. Chemical plants prodigiously do so with aplomb. 

Chemical companies in China congregate in industrial 

parks as time bombs. No industrial accident is as environ-

mentally severe as an explosion at a chemical factory. China 

excels in exploding chemical plants. 

Nonchalance about safety means that over 100 Chinese 

die daily from chemical production. This is a conservative es-

timate. The government does not bother to tally the death 

toll, preferring to ignore the slaughter as best it can. 
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Every time an explosion at a chemical plant happens, the gov-
ernment goes through the same routine. They carry out an in-
vestigation. They say lessons will be learned, the guilty will be 
punished, measures will be taken. But nothing changes. ~ Eng-
lish journalist Geoffrey Crothall 

 Water Quality  

In recent years, toxic and hazardous chemical pollution has 
caused many environmental disasters, cutting off drinking water 
supplies, and even leading to severe health and social problems 
such as 'cancer villages'. ~ China's Environment Ministry in 
2013 

There simply is no water in China safe to drink, save per-

haps the most remote locations where no one lives. There are 

no waterways or wells that are not heavily polluted. Acid rain 

is common throughout much of China, and in India. 

Water is the biggest environmental issue in China. In the cit-
ies, people see air pollution every day, but they don't see how 
bad the water pollution is. ~ Chinese ecological economist 
Dabo Guan 

With only 25% of the world average for water supply, 

China needed to well manage its waters to have enough. This 

is especially true in the north, which has only 20% of the sup-

ply in the south, but half of the Chinese people.  

Most of the northern half of China is as dry as straw. Se-

vere water stress is defined as having less than 1,000 meters3 

of water per person per year. Beijing, China's capital, has 

100. The water table there has fallen 300 meters in 2 decades. 

The south has plenty of water, the north much less. If possi-
ble, the north should borrow a little. ~ Mao Zedong in 1952 

In 1958, the Chinese created a huge, all-purpose water 

reservoir at Danjiangkou in central China. 2/3rds of Beijing's 

tap water supply now comes from Danjiangkou, traveling 

over 1,400 km: roughly the distance between New York City 

and Disney World in central Florida. 

Danjiangkou is only one of many massive water diversion 

projects. Moving water to the thirsty northeast – especially 

the capital: Beijing – is nothing new. Chinese history is re-

plete with jaw-dropping hydrological achievements. 
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The solution to China's water-supply problem is conserva-
tion. Using water diversion to sustain economic development is 
a dead end. ~ Chinese hydrologist Zhang Jiyao in 2013 

The Chinese have done nothing resembling rational hus-

banding of its water resources. Instead, China has fouled 

what little water it has. 

There's nothing people can do. This is the government's 
responsibility, because all the factories dump their wastewater. 
~ Chinese factory worker Yao 

All factories dump their wastewater without treatment, 

and government has done next-to-nothing about it. Even 

state-owned companies have no compunction about polluting 

the waterways and soils where they are situated.  

Further, China exports its environmental practices when 

it invests. Chinese factories abroad unabashedly dump their 

untreated wastes as if they were at home. 

The Chinese just come and do it. They don't set high bench-
marks. ~ Sierra Leonean ambassador to China Alimamy 
Koroma on Chinese environmental practices abroad 

At least 1/3rd of the length of the Yellow River that runs 

through northern China is too polluted for agricultural use: 

plants can't stand it. 

Yangzi River basin 

Yellow River basin 

Beijing 

Shanghai 

Hong Kong 

China 

Pearl River basin 

Qingdao 
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The Guanting water reservoir in Beijing was declared un-

suitable for drinking in 1997. Now there are no others which 

supply urban areas that can be considered drinkable. 

Only 20% of domestic wastewater is treated in China. The 

average in other advanced industrialized countries is 80%. 

 Pigs Afloat  

You can see dead pigs here every year, but there are more 
now than in the past few years. ~ Chinese man in 2013, com-
menting on the carcasses floating in a river near Shanghai 

The taste of swine is mighty fine to the Chinese: 500 mil-

lion pigs are slaughtered and consumed in China every year.  

The mortality rate for industrial hog farming is ~3%. 

Roughly 15 million pig corpses need to be disposed of annu-

ally. 

Hog farmers often pitch their dead pigs into rivers "for 

convenience," one government official reluctantly admitted. 

This is in addition to the manure and other copious wastes 

that hog farms produce and are casually disposed of in wa-

terways. 

Over 16,000 hog carcasses were fished out of rivers that 

supply water to Shanghai in 2013. Throughout the floating 

pig parade, city officials insisted that Shanghai's water was 

safe to drink.  

Black-market dealers buy diseased or dead pigs and sell 

them at a discount to unsuspecting consumers.* When the 

government cracks down on the trade, these swine swill in 

the drink instead of being served at the dinner table.† 

 

 
* In China, selling rat and fox meat as beef and mutton is business-

as-usual. Peddling contaminated food is commonplace, as is food 

poisoning.  
† If the river is too far, putrid porcine corpses are simply dumped. 

In 2017, officials in Zhejiang province, in eastern China, discov-

ered 300 tonnes of diseased pig carcasses barely buried. 
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Groundwater provides 50–80% of the water supply in 

northern China, and 20% overall. The water drawn from Chi-

nese wells is laden with toxins and is especially poisonous in 

the north.  

China is by far the world's largest producer and consumer 

of fertilizers and pesticides, which find their way into the wa-

ter supply after contaminating the soil. The level of nitrogen 

pollution in China is unprecedented.  

Though factories blithely do their best to degrade the en-

vironment, farmers pollute waterways more thoroughly than 

factory effluents.  

Fertilizers and pesticides have played an important role in en-
hancing productivity, but in certain areas, improper use has had 
a grave impact on the environment. The fast development of 
livestock breeding and aquaculture has produced a lot of food 
but they are also major sources of pollution. ~ Chinese agricul-
tural ministry spokesman Wang Yangliang 

 Algae Blooms  

Thick algae blooms have become increasingly common 

during the summer months offshore China's coastal cities, 

and in many of its lakes.  

Lake Tai near Shanghai hosts toxic algal blooms during 

warm weather, thanks to the nasty blue-green algae that live 

there. Lake Tai is the country's 3rd-largest lake and supplies 

drinking water to nearby cities. 

Algal blooms follow from massive discharges of phos-

phates or nitrates into the water, whether from farming, un-

treated sewage, or industrial effluent. The carpet that algae 

blooms create dramatically change the environment below 

them, blocking sunlight and sucking oxygen from the water, 

suffocating marine life. 

Qingdao is a major industrial center and seaport north of 

Shanghai, and home since 2007 to lush algal blooms weigh-

ing up to 20,000 tonnes. Sailing events in the 2008 Beijing 

Olympics were threatened by an algal bloom, which was kept 

in check only by employing a fleet of boats, helicopters, and 

an army of 10,000 to keep the waters clear.  
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The aquifers that supply groundwater wells are being de-

pleted. Near coastal areas, seawater is drawn in as aquifers 

are drawn down, salting the water and making it undrinka-

ble. Land in urban areas above these aquifers is sinking. 

China has more problems with rivers ceasing to flow than 

anywhere else in the world. Even in wetter south China, the 

Yangtze and Pearl rivers often stop flowing during the dry 

season. 

2/3rds of China's 669 cities have water shortages, more than 
40% of its rivers are severely polluted, 80% of its lakes suffer 
from eutrophication, and about 300 million rural residents lack 
access to safe drinking water. ~ Chinese American environ-
mental scientists Jianguo Liu & Wu Yang in 2012 

 Soil Quality  

Even before the severe environmental damage, cropland 

per person in China was less than 1 hectare, barely half the 

world average.  

~20% of China's land is severely damaged by erosion, re-

sulting in soil loss of 4.5 billion tonnes each year. Deforesta-

tion has been the major contributor to soil erosion. The loss 

has been especially devastating in the middle stretch of the 

Yellow River and on the Yangtze River. 

Salinization has affected 9% of China's soils, mainly due 

to poor management of irrigation systems in dry areas.  

Desertification affects more than 25% of China, thanks to 

overgrazing and agriculture in areas where it was practiced 

in an unsustainable manner. North China has been most se-

verely affected. 

Soil fertility has drastically declined in China, owing to 

the oppressive use of fertilizers and intensive pesticide appli-

cation. Soil-renewing earthworms simply cannot survive the 

onslaught.  

Over 16% of China's soil is heavily polluted. 20% of its 

farmland is laden with toxic chemicals and heavy metals.  

A survey of rice served in restaurants in north China 

found 44% of it had dangerous levels of cadmium. Cadmium 

is extremely toxic: a potent carcinogen and endocrine disrup-

tor which accumulates in the kidneys and liver. 
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Soil contaminated with heavy metals is eroding the founda-
tion of the country's food safety and becoming a looming public 
health hazard. ~ the state-run China Daily newspaper in 2013 

Hunan province, in the central southeast of the country, 

is China's rice bowl. It is also one of China's top producers of 

nonferrous metals. Hence, Hunan leads the nation in chemi-

cal pollution, including arsenic, cadmium, chromium, and 

lead, all of which are dumped into rivers as industrial efflu-

ent. 

Spillage of toxic chemicals onto land near factories and 

into rivers is common throughout China. Environmental pro-

tection is practically nonexistent. 

Before the factories were built, there were just fields here as 
far as the eye can see. In the place of this radioactive sludge, 
there were watermelons, eggplant, and tomatoes. ~ Chinese 
farmer Li Guirong, surveying a strip mine 

Because of Chinese waste practices, grotesque quantities 

of trash are dumped in open fields, polluting soil and consum-

ing cropland. China's cities are surrounded by mountains of 

refuse. 

Further, the US, Canada, and European countries have 

been paying China to take their untreated garbage, including 

wastes with toxic chemicals. In 2013, the national govern-

ment issued an edict to put a stop to it; a campaign that has 

not been especially successful.  

Other countries, including India and Thailand, ship their 

electronic wastes to China for recycling and disposal. 70% of 

the world's discarded electronic devices end up in China: over 

450 million tonnes annually.  

Much garbage makes its way out to sea. China is by far 

the greatest source of plastics in the oceans.  

The alternative to vast landfills is waste incinerators. A 

government push toward incinerators has been met with vi-

olent protests by citizens who fear attendant air pollution. 

With increasing urbanization throughout the country, 

many polluting industries have relocated to peripheral areas. 

They leave behind brownfields: heavily contaminated sites.  



 The Fruits of Civilization  449 
 

Soil concentrations of heavy metals and organic pollu-

tants on brownfields can be hundreds of times safe exposure 

limits. Seepage guarantees groundwater toxicity. 

Hundreds of thousands of factories have been torn down 

to make way for housing and commercial centers. New con-

struction goes up without first cleaning up these brownfields. 

The result has been dire sickness and early death for resi-

dents on these sites, who are not told that they are living on 

toxic land.  

Even limited exposure can be dangerous. Construction 

workers building homes at former pesticide factories in Bei-

jing and Wuhan had to be hospitalized. 

 Air Pollution  

The root cause of air pollution in China: China's industrial 
structure. ~ Chinese environmental scientist Ma Jun 

It simply is not safe to breathe in China. Smog kills 4,000 

people a day.  

Beijing's air is regularly 40 times filthier than the World 

Health Organization deems to be the limit of safety. Shang-

hai has had to delay flights because the blanket of smog is so 

thick. In the northern half of China, air pollution lops off over 

5 years of natural lifespan.  

Everybody needs to breathe. ~ Chinese air purifier sales-
woman Bi Xiuyan, explaining the demand for her expensive 
products 

China is not the only one to suffer for its lax environmen-

tal controls. Air pollution from Chinese factories makes its 

way across the Pacific Ocean and contributes to smog in the 

United States.  

Chinese pollution is corrupting other countries' air. ~ Amer-
ican ecologist Steven Davis 

 

The government hasn't given a thought to the safety of the 
people. ~ Chinese farmer Li Laiyin 

The average level of toxic lead inside China's urban resi-

dents is nearly twice that considered highly dangerous. The 
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negative impact on youth health and intelligence is profound. 

Many thousands of children have died of lead poisoning. 

Little has been done to address the massive impact of lead 
pollution in China. It has affected a while generation of kids. 
Children with dangerously high levels of lead in their blood are 
being refused treatment and returned home to contaminated 
houses in polluted villages. Parents, journalists, and community 
activists who dare to speak out about lead are detained, har-
assed, and ultimately silenced. ~ American health and human 
rights activist Joe Amon 

Over 2 million Chinese die of pollution every year, and 

that number continues to rise. At least 8% of China's GDP is 

spent on health care attributable to pollution. 

In the 21st century, the Chinese government has insti-

tuted ineffectual programs to combat some of the environ-

mental damage that has already been done. But intra-

government conflict and Chinese aspirations for consumer 

lifestyles comparable to the wasteful West are guaranteed to 

further environmental destruction. 

The main reason behind the continued deterioration of the 
environment is a mistaken view of what counts as political 
achievement. The crazy expansion of high-polluting, high-en-
ergy industries has spawned special interests. Protected by local 
governments, some businesses treat the natural resources that 
belong to all the people as their own private property. ~ Chi-
na's deputy minister for environmental protection Pan Yue 

The Chinese public occasionally protest, and even riot, 

against the severe pollution in their country. The authorities 

react violently and suppress unrest. Beyond beatings and 

tear gas, ringleaders are often imprisoned. 

From January 2017, the Chinese government had local 

meteorological bureaus stop issuing smog alerts. This infor-

mation was suppressed to dampen public anger about toxic 

air quality. 

Environmental quality is not satisfactory and environmental 
protection work is arduous. ~ Chinese environmental protec-
tion minister Zhou Shengxian 
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Despite horrendous pollution, the degraded environment 

is 4th on the list of Chinese anxieties, after inequality, cor-

ruption, and the power of vested interests. Everything is rel-

ative. 

Filthy habits have inured the Chinese to pollution. With 

over 300 million smokers, the Chinese are the world's most 

avid consumers of tobacco. 750,000 Chinese die annually 

from smoking.  

 United States  

Los Angeles had its first episodes of thick smog in 1943. 

Some suspected a Japanese chemical attack.  

By the late 1940s, industrial pollution increasingly 

alarmed the public. The smog that plagued Los Angeles re-

peatedly drew press attention. The daytime sky turned a pale 

yellow. Residents routinely became nauseous as their eyes 

burned. Children were forced to play indoors. Acres of crops 

withered. 

In the early 1950s, research identified the oil industry as 

a major culprit, showing that uncombusted hydrocarbons 

and nitrogen oxide emissions from refineries and vehicle tail-

pipes formed smog when exposed to sunlight. 

The prospect of global warming from fossil fuel consump-

tion was identified by the mid-1950s, and its dynamics fairly 

well understood. 

Most of the CO2 released by artificial fuel combustion since 
the beginning of the industrial revolution must have been ab-
sorbed by the oceans. The increase of atmospheric CO2 from 
this cause is at present small but may become significant during 
future decades if industrial fuel combustion continues to rise ex-
ponentially. ~ American climatologist Roger Revelle & Aus-
trian-born American physical chemist Hans Suess in 1957 

 

Environmental protection in the United States was left to 

the states until after the 2nd World War. The first federal 

legislation covering water pollution was enacted in 1948. Air 

pollution was not initially addressed until 1955. These laws 
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were updated in the mid-1960s under the Johnson admin-

istration. 

In 1965, President Johnson received a report by his sci-

ence advisory committee, entitled Restoring the Quality of 

Our Environment. The introduction stated: 

Pollutants have altered on a global scale the carbon dioxide 
content of the air and the lead concentrations in ocean waters 
and human populations. Pollutants have reduced the productiv-
ity of some of our finest agricultural soils and have impaired the 
quality and the safety of crops raised on others. Pollutants have 
produced massive mortalities of fishes in rivers, lakes, and estu-
aries, and have damaged or destroyed commercial shellfish and 
shrimp fisheries. Pollutants have reduced valuable populations 
of pollinating and predatory insects and have appeared in alarm-
ing amounts in migratory birds. Pollutants threaten the estuarine 
breeding grounds of valuable ocean fish; even Antarctic pen-
guins and Arctic snowy owls carry pesticides in their bodies. 

The report noted that climate change from man-made 

carbon dioxide emissions was prophesied at the turn of the 

20th century, by American geologist Thomas Chamberlain in 

1899 and Swedish scientist Svante Arrhenius in 1903. 

The report warned that induced climate change was al-

ready well underway from the greenhouse effect; a tentative 

conclusion only for want of a decent global climate model to 

back up what seemed apparent. 

Fossil fuel combustion has been the only significant source of 

CO2 added to the ocean-atmosphere-biosphere system. 

The overall effects of global warming were understood: in-

creasing water acidity, warming sea water, melting polar 

caps, rising sea levels, and deterioration of ecosystems. 

Johnson's response:  

Ours is a nation of affluence. But the technology that has per-
mitted our affluence spews out vast quantities of wastes and 
spent products that pollute our air, poison our waters, and even 
impair our ability to feed ourselves. At the same time, we have 
crowded together into dense metropolitan areas where concen-
tration of wastes intensifies the problem.  

Pollution now is one of the most pervasive problems of our 
society. With our numbers increasing, and with our increasing 
urbanization and industrialization, the flow of pollutants to our 



 The Fruits of Civilization  453 
 

air, soils, and waters is increasing. This generation has altered 
the composition of the atmosphere on a global scale through 
the burning of fossil fuels. ~ US President Lyndon Johnson in 
1965 

Johnson went on to have several pollution control laws 

enacted related to air and water quality, waste disposal, and 

pesticide control.  

President Richard Nixon, Johnson's successor, went fur-

ther. Besides tightening pollution legislation, Nixon created 

in 1970 by executive order the Environmental Protection 

Agency (EPA), a federal agency responsible for protecting hu-

man health and the environment from the externalities of 

corporate excess. 

 

Private industry was also aware of global warming early 

on. In 1968, the Stanford Research Institute (SRI) provided 

a report to the American Petroleum Institute (API) on gase-

ous pollutants in the atmosphere. The SRI report summa-

rized the findings of the 1965 US Presidential report and 

made clear that CO2 pollution from burning fossil fuels was 

the primary culprit. 

Man is now engaged in a vast geophysical experiment with 
his environment, the Earth. Significant temperature changes are 
almost certain to occur by the year 2000 and these could bring 
about climatic changes.  

The abundant pollutants which we generally ignore because 
they have little local effect, CO2 and submicron particles, may 
be the cause of serious worldwide environmental changes. 
There seems to be no doubt that the potential damage to our 
environment could be severe. ~ Elmer Robinson & R.C. Rob-
bins, SRI report to the American Petroleum Institute (1968) 

The oil industry was concerned about product liability. Its 

response to the perceived problem was to spend untold mil-

lions of dollars supporting denials of man-made climate 

change. This stratagem mirrored that of the tobacco indus-

try, which hid the known dangers of its product for decades. 
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Public awareness of climate change was raised in June 

1988 when James Hansen of NASA testified before the US 

Senate about global warming.  

Global warming has reached a level such that we can ascribe 
with a high degree of confidence a cause and effect relationship 
between the greenhouse effect and observed warming. It is al-
ready happening now. ~ James Hansen in 1988 

American politician Al Gore has been a laudatory clarion 

voice on the environment. He was the first, in 1976, to hold 

congressional hearings on the environmental impact that hu-

mans have had. 

Pollution should never be the price of prosperity. ~ Al Gore 

From then on, Gore spoke repeatedly on environmental 

quality and global warming; but to no avail. A series of inter-

national treaties have been signed, but no effective action 

taken. 

The world is changing in such dramatic ways right in front of 
our eyes because of global warming. ~ Al Gore 

The difficulty in taking even incremental measures owes 

to the economic cost and nationalism that pervades the 

world. The root problem is even deeper: the invariable pollu-

tion caused by capitalism and attendant consumerism that 

flows from materialism as a sustaining moral value. 

In the absence of any short term in common use to represent 
all desirable things, or things that satisfy human wants, we may 
use the term goods for that purpose. ~ Alfred Marshall 

Removing the cancer of economic materialism has never 

been seriously considered, so the ultimate moral weed, ferti-

lized by technology, ensures our demise in Earth's latest 

mass extinction event. 

 The Anthropocene  

The human footprint on the planet is so distinctive and lasting 
that the Age of Man must be officially recognized in the geo-
logic time scale. ~ Italian pedologists Giacomo Certini & Ric-
cardo Scalenghe 
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The boundaries of epochs are traditionally defined by a 

distinctive geologic event. The current epoch – the Holocene 

– dates from 9,700 BCE to today. It follows the Pleistocene 

(2.58 MYA–11.7 TYA). The divide between these epochs was the 

last episode of glaciation. 

That mankind has long had a profound impact on the 

planet is not in dispute by anyone with a whit of sense. The 

only issues are whether and when to demark it. In the mid-

2010s, scientists contributed to global warming with a lot of 

hot air about relabeling at least a portion of the Holocene to 

the Anthropocene. 

Various dates have been bandied about. The dawn of the 

age of atomic bombs – 16 July 1945 – has been suggested, as 

has 1964, when the atmospheric fallout of nuclear detona-

tions spiked. The year 1800 signifies the start of the Indus-

trial Revolution, when capitalism upped its game. Then there 

is a date about a century after the Old World discovered the 

New World: 1610, which registered an unusual drop in at-

mospheric CO2. 

These later dates disregard that humans caused severe 

ecosystem disruption with the advent of agriculture and were 

impacting the planet even before that. In that context, the 

Holocene (which means recent) is the Anthropocene, as some 

have observed. 

Does it really make sense to define the start of a human-dom-
inated era millennia after most forests in arable regions had 
been cut for agriculture? ~ William Ruddiman et al 

 

It's become a political statement. That's what so many people 
want. ~ American paleontologist Stan Finney 

Getting scientists to agree to peg the Anthropocene to a 

particular date is like herding cats, and about as productive. 

It may well happen, and with some unexpected irony.  

The farther in the past the onset of the Anthropocene is 

set, the more it may seem to the Collective that if humans 

have been so environmentally important for so long, maybe 

tomorrow will be just like yesterday after all, and the Anthro-

pocene as the harbinger of the apocalypse is hokum. 
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There's a risk that the Anthropocene idea is misunderstood as 
human entitlement to control planet Earth. ~ German biologist 
Christian Schwägerl 

 Capitalist Incentive  

Too often, natural resources turn out to be a curse rather than 
a blessing. They create few jobs for locals; the profits go to for-
eign multinationals; what riches stay in the country end up in 
politicians' bank accounts abroad. ~ The Economist magazine 
in 2009 

Living in harmony with Nature has never been a human 

aspiration. Instead, "conquering" Nature, and its casual foul-

ing, have been long-ingrained habits. This habitual disregard 

turned into serious business as industrialization got under-

way. Keeping habitats clean became an unbearable cost. Pol-

lution went professional. 

 General Electric  

This is about fighting for what we believe. ~ GE CEO 
Jack Welch in 2001, in response to being asked about 
GE fighting against paying to remove the toxins that it 
dumped in the Hudson River 

US industrial companies have had similar practices to 

Chisso in Japan, which created Minamata disease. General 

Electric has been a particularly enthusiastic polluter.  

Beginning in 1949, from its plant in Washington state 

making nuclear weapons for the military, GE deliberately re-

leased radioactive material to see how far downwind it would 

travel. One cloud made its way through Oregon to the Cali-

fornia border, carrying thousands of times more radiation 

than emitted in the 1979 accident at Three Mile Island, when 

a nuclear power reactor partly melted down. 

With US government cooperation, GE conducted numer-

ous radiation experiments on hundreds of human subjects 

considered "expendable": the elderly, hospital patients, and 

prisoners. In one set of experiments in 1963, GE irradiated 

male prisoners' genitals to test the effects of radiation on ste-

rility. 
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First synthesized in 1881, polychlorinated biphenyl 

(PCB) has been a known carcinogen since the mid-1930s. 

That did not stop GE from dumping prodigious quantities of 

PCBs into the Hudson River from 1952 to 1977.  

Nor did the public-exposure aftermath of such extensive 

pollution provoke any corporate remorse. In the 1968 share-

holder meeting, celebrated CEO Welch had the gall to pro-

claim that "PCBs do not pose adverse health risks." Welch 

was a chemist before becoming a business executive, which 

meant that Welch was either a fool or an abject liar with his 

PCB safety declaration. Jack Welch was no fool. 

In 1980, a US federal pollution law came into effect to use 

public funds to clean up highly toxic sites around the coun-

try.*† Though the government had its hand in creating nu-

merous toxic sites, the vast majority of poisonous plots were 

the work of chemical concerns and mining companies. Gen-

eral Electric has been found liable for 78 sites. 

Through the years, General Electric has exhibited a con-

sistent pattern of violating criminal and civil laws. The com-

pany has amassed an impressive record of egregious 

pollution, lax safety controls, and deceiving and defrauding 

the public and government in a variety of ways. GE has been 

a leader in lobbying politicians to overturn environmental 

and government contracting laws so that it may pillage and 

pollute at will.  

All told, General Electric is an outstanding example of the 

level of social and environmental responsibility commonly 

found in large corporations; in sum, a typical tribe of capital-

ist sociopaths. 

Culture drives great results. ~ Jack Welch 

 
* Cleanup of Superfund sites was largely dormant during the 

Reagan years (1981–1988). Instead, Reagan was busy crowing 

about how it was "morning again in America," and that "our coun-

try is prouder and stronger and better." 
† As of 2017, less than 10% of ~1,700 Superfund sites have been 

cleaned up. Taxpayers, not polluters, have paid for most of the 

reclamation projects. In the 21st century, the Republican-led Con-

gress has refused to adequately budget Superfund cleanup. 
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Into the 21st century, GE was in a downward spiral, ow-

ing largely to financial fiddling and inept resource allocation. 

Competent management is hard to come by for even the larg-

est corporations. 

 Climate Change  

Evolution is a tightly coupled dance, with life and the material 
environment as partners. ~ James Lovelock 

Climate is one aspect of an evolutionary planetary gyre, 

both as self-regulating and self-perpetuating via feedback 

loops. These dual dynamics are characteristic of systems sub-

ject to self-organized criticality, where a wicked 2nd deriva-

tive – too much change too quickly – causes a breakdown in 

the existing range of "normal." 

With the warming the world has already experienced, we can 
see very clearly that a difference of 0.5 °C really does matter. 
~ Swiss climatologist Erich Fischer 

Nonlinearities can rapidly change weather conditions, so you 
get more abrupt changes. ~ Dutch climatologist Dim Coumou 

Climate change is happening faster. ~ American climatolo-
gist Bryan Thomas in 2019 

The most important fact about climate is that it occurs as 

a trend. Average surface air temperature over the last billion 

years shows this. 
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Perhaps the 2nd most important fact is not a fact at all. 

It is that little is known about the climate gyre; understand-

ably so, because climate is a product of a planetary system of 

mind-boggling intricacy that operates on a time scale far 

longer than human experience.  

At every point, as our knowledge increases, we've always dis-
covered that the climate system is more sensitive than we 
thought it could be, not less. ~ American paleoceanographer 
Maureen Raymo 

The threshold of hothouse Earth could be at a temperature 

rise of ~2.0 °C above preindustrial, locking in a continuing 
rapid pathway toward much hotter conditions. This pathway 
could not be reversed or substantially slowed. ~ American 
chemist Will Steffen et al in 2018 

So much is happening at the same time and at a faster speed 
than we would have thought 20 years ago. We're heading ever 
faster towards the edge of a cliff. ~ Swedish climatologist Garry 
Peterson in 2018 

You don't know how close to the cliff you are until it's too 
late. ~ American ecologist Heather Lynch 

Looking at the peaks and troughs of global temperature 

over the past billion years ushers the obvious question: what 

caused the turnaround? In most instances the answer is not 

known. Sometimes a cataclysmic event caused a climate re-

versal, but more often a shift in the climate gyre came from 

the self-regulating biosphere of Earth: what James Lovelock 

called Gaia. 

 

The warmth of the Sun was 30% weaker when the planet 

began hosting life 4.1 billion years ago (BYA). But Earth did 

not freeze over.  

Internal heat generation made for a liquid ocean that cov-

ered the planet. Water has a lower albedo than land. The 

early global ocean absorbed much more thermal energy from 

the Sun than today's continents ever could.  

Water vapor and clouds held the warmth in. It helped 

that the air had a substantially different composition.  
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Back then, CO2 was the predominant atmospheric gas. 

Cyanobacteria evolved photosynthesis 3.6 BYA to take ad-

vantage of the bounty: consuming carbon dioxide exhaling ox-

ygen as a waste product. This gaseous exchange eventuated 

in conditions favorable for aerobic animals to arise 800 mil-

lion years ago.  

Trading atmospheric CO2 for O2 had its repercussions 

much earlier than the coming of critters. A modest oxidation 

triggered an explosive growth in mineral diversity on Earth. 

The so-called Great Oxidation Event began 2.45 BYA, foster-

ing 2,500 new minerals: over half of the 4,500 minerals now 

extant. These minerals were later instrumental in fostering 

terrestrial life. 

The world iced over 2.4–2.1 BYA during the Huronian gla-

ciation. It is the earliest-known glacial period. There were 

several others in the eons that followed, most notably 800–

600 MYA: a time termed Snowball Earth, when Earth shiv-

ered through 4 of the most severe ice ages in its history. 

Owing to variations in orbit around the Sun, Earth natu-

rally cycles between glacial periods and warmer interglacial 

periods. A cyclic cooling period halted after the advent of ag-

riculture. Carbon dioxide levels started to rise 7,000 years 

ago. Methane emissions began going up 5,000 years ago. 

Early farming helped keep the planet warm. ~ American 

paleoclimatologist William Ruddiman 

Keeping the planet balmy with a bit of agriculture was 

not a bad thing, given Earth's tendency to chill. But the ex-

plosive exhaust of industrialization was something else alto-

gether. Waste heat and gaseous egest, mostly from machines, 

produce prodigious amounts of greenhouse gases. Industrial-

era warming commenced globally as early as the mid-19th 

century. It is no small irony that the combusted fuels gener-

ating emissions come from fossilized plants: long-dead bene-

factors suborned. 

Historically, plants helped keep the world cool and well 

oxygenated. They will be sorely stressed by the rising heat, 

caught between the dilemmas of carbon starvation and hy-

draulic failure. 
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When conditions get hot and dry, plants conserve mois-

ture by closing their stomata, which are the pores that let 

plants breathe: absorbing CO2 and cooling themselves via 

evaporation. Closing stomata means not taking in CO2. If 

that goes on too long, a plant starves from lack of carbon. 

Even with stomata closed, plants still uncontrollably lose 

water when it's hot. Hydraulic failure from lack of water 

poses as great a threat as carbon starvation. 

Along with microbes and plants, humans have had an 

outsized effect on Earth's evolution. One consequence has 

been to change the climate. Unlike microbes and plants, 

man-made pollutants have wrought a tipping point that has 

turned into an extinction event. Earth has not had a "cooler 

than average" month since December 1984. 

The unnatural habitat of man is illustrated by cities. The 

only other animals (beside humans) are either inconspicuous, 

domesticated, caged, or considered pests. With the exception 

of designated "green spaces" that comprise a small fraction of 

urban land, the only plants are potted. 

Even the temperature is affected. New York City is often 

3 ºC warmer than nearby countryside. 

More self-destructively, urban air quality is unhealthy, 

and the water commonly contaminated. People simply seem 

unable to live in large numbers without severe environmen-

tal degradation. 

Extreme weather has already become more common. 

Heat waves are more intense. Mid-latitude westerly winds 

have strengthened. Tropical cyclones are more powerful.  

Droughts and desertification are worse in some parts of 

the globe, while precipitation has intensified in others. These 

have already impacted food production: a trend that will 

worsen in a nonlinear way. 

We are witnessing is major hydrologic change. There is a very 
distinctive pattern of the wet land areas of the world getting wet-
ter, in the high latitudes and the tropics, and the dry areas in 
between getting drier. Within the dry areas are multiple hotspots 
resulting from groundwater depletion. ~ American hydrologist 
James Famiglietti in 2018 
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Climate change does not merely change weather pat-

terns. It also changes the flow of weather itself. 

By altering global air patterns like the jet stream, a 

warming planet can cause weather to become more stuck in 

place. Whether drought, downpour, heat or cold wave, a 

weather pattern tends to persist. 

The current global warming rivals the Paleocene-Eocene 

Thermal Maximum (PETM), which occurred 55 MYA. During 

the PETM, global air temperature warmed ~7 °C in 10,000 

years. Warming now is even more extreme, both in tempera-

ture rise and pace. Earth's thermal dynamics exhibit self-or-

ganized criticality in warming related to greenhouse gas 

release. A tipping point for acceleration was reached in 1940. 

The gyre of climate change that has been experienced to 

date is only going to disruptively intensify. The largely tem-

perate world that mankind enjoyed in its middle age is being 

replaced by a feedback of environmental hostility. 

The most obvious effect of climate change appears on the 

thermometer. The weakening of the polar vortex spells colder 

winters in the northern hemisphere, at least for the next dec-

ade or so. But the dire thermal throttle is heat.  
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Exposure to extreme wet-bulb temperatures will rapidly in-
crease throughout the 21st century. ~ American atmospheric 
scientist Ethan Coffel et al 

The wet-bulb temperature is how a temperature feels. 

Humidity makes a big difference. Muggy heat is more oppres-

sive than dry.  

Mammal bodies cool by sweating: sweat evaporates off the 

skin, wicking away excess heat. This evaporative cooling 

technique fails when the air is already moisturized. When 

cooling conks out, body core temperature rises beyond the 

narrow tolerable range, leading to lethargy, organ failure, 

and death. 

 The effects of heat stress will fall hardest on hot and humid 
regions. ~ Australian climatologist Steven Sherwood 

Large swaths of the tropics, the Amazon, southern areas 

in the Mideast and Arabian Peninsula, northern India, the 

eastern US, and eastern China, will suffer increasingly se-

vere humid heat waves in the years to come. The early death 

tolls will be highest in those areas with growing populations 

and scarce cooling infrastructure, notably coastal west Africa 

and northeast India. 

The tropics transition to an almost constant heatwave state 
with just a 2°C rise. ~ Australian climatologist Sarah Perkins-
Kirkpatrick 

By 2100, global surface air temperature average will have 

risen by at least 4 °C above the preindustrial level (at the 

beginning of the 19th century). Humankind won't survive 

that. 

We are in deep trouble with climate change. ~ United Na-
tions Secretary General António Guterres in 2018 

As of 2017, the climate models that best fit the current 

trend are those which show the fastest global warming, with 

surface temperature 4.5–5.0 °C above the preindustrial level 

by 2100. A 2018 study, focused on climate model shortcom-

ings, indicates that current estimates underestimate global 

warming and its consequences by a wide margin.  

Observations of past warming periods suggest that a number 
of amplifying mechanisms, which are poorly represented in 
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climate models, increase long-term warming beyond climate 
model projections. Model-based climate projections may 
underestimate long-term warming by as much as a factor of 2. 
~ Swiss climatologist Hubertus Fischer in 2018 

Earthworms illustrate the deficiencies in climate models. 

 Earthworms  

Earthworms play an essential part in determining the green-
house-gas balance of soils worldwide, and their influence is ex-
pected to grow over the next decades. ~ Dutch soil scientist 
Ingrid Lubbers et al 

Taiga is the Earth's largest land biome, 

comprising 29% of the world's forest cover. 

Boreal forest is a nearly continuous belt of coniferous trees 

across northern North America and Eurasia. At least 20% of 

the carbon that cycles through the world passes through 

taiga. 

In the past, forests were the great terrestrial carbon sink. 

That is rapidly changing, as the carbon stored in soils is re-

leased. 

Taiga has special soil. In warmer climates, the floor of a 

typical forest is a mix of minerals and organic soil. In a boreal 

forest, those components are distinct, with a thick layer of 

mosses, fallen wood, and rotting leaves on top of the mineral 

soil. The spongy organic layer holds most of the carbon stored 

in boreal soil. 

As the world warms, earthworms have been migrating 

north into taiga, where these worms have been relatively 

scarce (compared to the soils in temperate forests). Most of 

the earthworms heading north are ones that eat leaf litter 

but don't burrow into the soil. 

Even though worms themselves are tiny and don't individu-
ally seem to constitute a threat, considering how many of them 
there are, they're very important organisms. ~ American soil 
scientist Adrian Wackett 

The impact of invasive earthworms is expected to be in-

tense: reducing forest floor carbon 50–94% over the next 4 

decades, thereby accelerating global warming in a way that 

no current climate models anticipate. 
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Environmental devastation from the rapid change of even 

the best-case scenario will be severe. Current estimates are 

likely to be exceeded, with global surface temperature rising 

8 °C, and possibly more, by 2100, according to a 2018 study 

focused on cloud cover which isn't considered in current cli-

mate models. 

Global warming is accelerating. ~ Chinese atmospheric sci-

entist Yangyang Xu et al in 2018 

The faster the world hots up, the sooner humanity goes 

extinct. It will be a miracle of ingenuity if humans are still 

around in the 22nd century (after 2100). Civilization is more 

fragile, and hence survival more tenuous, than generally 

acknowledged. Living is difficult. Dying is easy. 

All across the world, in every kind of environment and region 
known to man, increasingly dangerous weather patterns and 
devastating storms are abruptly putting an end to the long-run-
ning debate over whether or not climate change is real. Not only 
is it real, it's here, and its effects are giving rise to a frighteningly 
new global phenomenon: the man-made natural disaster.  
~ Barack Obama in 2006 

5-6 degrees of global warming is enough to wipe out most 
life on the planet. ~ Italian ecologist Giovanni Strona  

 The Mekong River Delta  

The Mekong River, natively known 

as the "mother of water," flows down 

from the Himalayas, the mountain 

range that forms the top of the world. 

The Himalayas is one of the youngest 

mountain ranges, formed by the Indian 

subcontinent shuffling north and slam-

ming into Eurasia. 

The Himalayas hold the Earth's 3rd-

largest hoard of ice and snow, after Ant-

arctica and the Arctic. Many rivers flow from here, fed by 

snow melt off the mountains and heavily augmented by sea-

sonal rainfall. 70% of the rivers' waters eventually wash into 

the sea. 
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The Mekong River began to cut fast and deep into the Ti-

betan Plateau ~17 million years ago. Exceptionally warm cli-

mate and intense summer monsoon rains helped sink the 

river into the soil; a river carved by erosion rather than tec-

tonic force. 

Before reaching the South China Sea, the Mekong River 

disintegrates into a network of distributaries, forming a bio-

logically diverse ecosystem. The Mekong Delta is a swampy 

forest, dominated in the south by flat flood plains.  

Hominids settled in the Mekong Delta ~2 million years 

ago, readily fed by its richness. At the onset of the 20th 

century, the soil of the Mekong Delta was still fecund, and its 

waterways full of fish. The situation has dramatically 

changed. 

The flow of the Mekong has been greatly diminished by a 

myriad of dams built along its course. Reaping hydroelectric-

ity has hard hit the natural life which was once so abundant. 

The dams also strip the Mekong of essential sediment which 

naturally fertilizes vegetation downstream. 

Weather patterns are shifting worldwide. El Niño's ef-

fects grow stronger as Earth warms: the Americas are 

drenched while southern Asia becomes parched. El Niño is a 

periodic climate pattern in the tropical Pacific Ocean which 

causes global shifts in storms, rainfall, and temperature. 

Drought now plagues southeast Asia. Crop yields of all 

kinds are down, including rice and coffee. Some of this owes 

to the Delta region becoming saltier: a condition abetted by 

the plethora of wells dug for fresh water. As the Delta dries, 

brine from the sea pushes up the water channels, spreading 

into surrounding land.  

Pumping water from wells also causes subsidence. In 

2015, the Delta was less than 2 meters above sea level. By 

2050 it will be less than 1. 

Government pressure to maintain agricultural produc-

tion has spelled greater application of fertilizers and pesti-

cides, which spread pollution, restrict sediment flow, and 

accelerate soil degradation.  

The efforts at intensive production will eventually fail in 

self-organized criticality. A once prodigiously fertile land will 
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be abandoned as its waters no longer support the people that 

poisoned it. The depopulation will be a die-off. 

 

Despite the gloom and doom espoused by scientists and 

even a few political leaders, there has been no urgency in ad-

dressing climate change. International agreements have 

been nothing more than gauzy ambitions. 

Part of the reason for inaction is that in many places, 

warmer weather has been welcomed. Storms are spotty 

enough to not have caused sufficient consternation for 

alarmed determination to set in. It is as if a long fuse 

to a bomb has been lit, but instead of inciting dread, 

folks are enjoying the sparkler effect as the wick burns down. 

The warnings about global warming have been extremely 
clear for a long time. We are facing a global climate crisis. It is 
deepening. We are entering a period of consequences. ~ Al 
Gore in 2005 

Earth is habitable for animals because of its orbital prox-

imity to the Sun, and because of the natural clemency that 

the atmosphere and oceans confer on surface temperature. 

Water vapor and a mixture of gases keep the planet at least 

33 ºC warmer than it would be without its blanket of air.  

Earth's atmosphere reflects 30% of the Sun's rays that it 

receives and absorbs another 30%. The remaining 40% 

drenches the surface in warmth and light. 

Warmed surfaces send most of the heat back into the at-

mosphere, chiefly via infrared radiation, ascendant warm 

air, and evaporated water. 

Greenhouse gases, such as carbon dioxide, absorb and 

emit heat via infrared radiation. When such radiation from 

Earth’s surface hits a molecule in the atmosphere, the mole-

cule absorbs the heat energy and emits it later.  

Toasted gas molecules fire infrared energy in a random 

direction. Sometimes the emitted heat heads into space. 

Other times the warmth spreads toward the surface, creating 

a greenhouse effect.  

The atmospheric concentration of greenhouse gases em-

bodies a balance between emission sources and sinks which 
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absorb heat. Oceans, forests, and soils serve as Earth's car-

bon sinks. But it is the fossil fuel deposits so prized by man 

that are the greatest global sink of carbon. Our self-destruc-

tion largely owes to burning the carbon which kept the planet 

habitable because it was deposited. 

The legacy of our fossil fuel burning today could last for tens 
of thousands of years, if not hundreds of thousands of years to 
come. ~ American oceanographer Richard Zeebe 

 

Air in the human era has been nominally 78.09% nitrogen 

(N2), 20.95% oxygen (O2), 0.93% argon (Ar), and 0.04% carbon 

dioxide (CO2), with trace amounts of other gases.  

Nitrogen, oxygen, and argon are not greenhouse gases, as 

they form monatomic molecules which are not rattled when 

jostled. Being energetically unaffected by infrared radiation 

means they generate no greenhouse effect. 

Water vapor (H2O) continues to have the greatest green-

house effect. The water cycle has played an enormous role in 

making and keeping Earth habitable. 

There is a positive feedback loop among greenhouse gases 

and water vapor that generates a warming gyre. By trapping 

extra heat, greenhouse gases affect the amount of water va-

por in the air. Heating the air by adding CO2 means the air 

takes up more water vapor, which further warms the atmos-

phere. Thus, greenhouse gases engender a multiplier to their 

warming effect. 
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In this century, as more attention has been paid, assess-

ments of greenhouse gas emissions have regularly been re-

vised upwards. The emissive impact of human activity has 

been underestimated, which means the situation is direr 

than commonly reported. 
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 Carbon Dioxide  

CO2 is the principal gaseous determinant of Earth's cli-

mate state. It essentially acts as the radiative "control knob" 

that sets global temperature. Contributing 63% toward aeri-

form global warming, carbon dioxide is by far the gas with 

the greatest greenhouse kick.  

The rising level of atmospheric CO2 is a direct product of 

deforestation and life under industrialization, principally 

through the burning of fossil fuels. 

Clearing forests delivers a double shot of carbon dioxide. 

CO2 is released by the felling or burning. Moreover, the loss 

of vegetation removes a natural absorber (sink) of CO2. 
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The atmospheric carbon dioxide level in 1750, before in-

dustrialization, was 280 parts per million (ppm). By the end 

of World War 2 it had hit 300. The human world was emitting 

6 billion tonnes of CO2 into the atmosphere annually. 

The global level of atmospheric CO2 went over 400 ppm 

in 2013. The last time carbon dioxide levels were that high 

was 3 million years ago, when sea levels were 20 meters 

higher. In May 2019, global CO2 was at 415 ppm. 

In 2017, humanity pumped 41 billion tonnes of CO2 into 

the air: over 600% more than the mid-20th century. And hu-

man injection of CO2 into the atmosphere continues to rise. 

Carbon emissions rose 2% in 2018 from the previous year. 

The current rate of CO2 increase is over 100 times faster 

than in at least the last billion years, if ever in the planet's 

history; a rate that will continue as long as worldwide fossil 

fuel consumption continues at its current level but is more 

likely to increase. 

Once installed, CO2 persists in the air for a century. Hu-

manity has already locked in accelerating global warming for 

the rest of its existence. 

 Plants to the Rescue  

Plants have been giving us a chance to mend our ways. 

Global warming and rising CO2 have been met with a wash 

of greenery all over the world. 

While plants appreciate the present climate change, veg-

etation will not be our salvation. Changing patterns of rain-

fall mean that lush times are limited, and the hotting up will 

prove too much for all concerned. Boreal and tropical forests 

alike will succumb to the swelter. Meanwhile, thawing tun-

dra spells massive methane release, as soil that has locked 

greenhouse gases away for millions of years yields to the 

heat. 

The verdant window of opportunity is already shut. 

Plants are less of a global force against warming than they 

were at the turn of the 21st century. Already, tropical forests 

contribute more carbon dioxide to the atmosphere than they 

remove, thanks to deforestation and a decline in diversity 

among the remaining trees. 
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Atmospheric carbon correlates with moisture. During dry 

years, natural ecosystems remove 30% less carbon from the 

air than during a normal year.  

To much of life's detriment, Earth becoming more arid ac-

celerates warming in a positive feedback loop. Vegetative suf-

fering from drought related to atmospheric CO2 has not been 

factored into climate models, which is another way that ex-

tant projections underestimate future global warming. 

 Concrete  

Our national flower is the concrete cloverleaf. ~ American 
historian and sociologist Lewis Mumford 

By weight, concrete is the 2nd-most-con-

sumed substance on Earth, behind water. On 

average, every person on the planet chews 

through 2.7 tonnes of cement each year. 4.3 billion tonnes 

were consumed worldwide in 2014. Concrete is used to build 

roads, runways, sidewalks, bridges, buildings, and dams.  

China consumes over half the cement made, and produces 

60% of it, followed at a distance by India and the US. 

Concrete-like materials were used by Levant Arabs in 

6500 BCE. By 700 BCE they had discovered the advantages of 

mortar made of hydraulic lime, whereupon kilns were built 

to construct rubble-wall houses with concrete floors.  

The Arabs also constructed underground waterproof cis-

terns, the locations of which they kept to themselves. This 

secret water supply let them thrive in the deserts where they 

lived (after having deforested the land millennia prior). 

The first people to employ concrete on a large scale were 

the ancient Romans, who were eager employers of the hard 

stuff. The Roman Colosseum was made of concrete, as were 

the other grand buildings that pronounced the prowess of the 

Empire. 

After the Roman Empire collapsed, concrete was largely 

forgotten until its redevelopment in England during the mid-

18th century, whereupon concrete was used to build the mod-

ern urban jungle. 

The primary ingredient in concrete is cement, which is 

made today by heating limestone and clay until it fuses into 
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a material called clinker, which is then combined with gyp-

sum: the sulfate stuff from which plaster and blackboard 

chalk are made. The kilns used to create clinker are com-

monly fueled to extremely high temperatures by coal. 

The concrete that the Romans made is superior to the 

modern variety. Chemical reactions on modern concrete after 

it hardens can only be damaging. In contrast, Roman con-

crete becomes stronger with time.  

The Roman cement recipe was a mix of volcanic rubble 

and ash, lime (calcium oxide), and seawater. That combina-

tion naturally generates heat, turning the conglomeration 

into concrete. Whereas seawater degrades modern concrete, 

it strengthens Roman concrete by creating new minerals 

which fill any cracks and reinforce the material's structure. 

Open-pit mining for limestone is environmentally de-

structive. Both the intense heating and the chemical reac-

tions involved in cement manufacture produce prodigious 

amounts of carbon dioxide. Cement production contributes 

5% of all fossil-fuel-based CO2 emissions worldwide. 

The great weight of cement makes it tough to transport; 

so markets are localized. But the local nature of cement has 

not stopped the capitalist urge for control. Just 5 behemoth 

firms dominate the global market. 

 

Other significant greenhouse gases generated by human 

activity include methane (CH4) nitrous oxide (N2O), ozone 

(O3), and chlorofluorocarbons (CFCs). 

 Methane  

Methane is much more complicated once it gets into the at-
mosphere than carbon dioxide is. That's because it reacts with 
a lot of different important chemicals. ~ American climatologist 
Drew Shindell 

Via its promiscuous reactivity, methane (CH4) is 84 times 

more potent as a greenhouse gas than carbon dioxide (CO2); 

but there is over 200 times more CO2 in the atmosphere than 

CH4.  
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Methane has a relatively 

short lifetime in the atmos-

phere: 12 ±3 years. Nonethe-

less, methane musters 25% of 

the global greenhouse effect. 

Short-lived greenhouse 
gases contribute to sea-level 
rise through thermal expansion 
over much longer time scales than their atmospheric lifetimes. 
Amazingly, a gas with a 10-year lifetime can actually cause en-
during sea-level changes. 

As heat goes into the ocean, it produces continued thermal 
expansion. Then the heat is transferred back to the atmosphere 
and emitted back into space to cool off. That's a very slow 
process of hundreds of years. ~ Canadian geologist Kirsten 
Zickfield & American atmospheric chemist Susan Solomon 

Methane is naturally produced via geochemical concoc-

tion belowground, organic matter decomposition, and animal 

digestion. The biological contribution comes courtesy of 

methanogens: archaeal microbes that consume carbon diox-

ide and exude methane waste.  

Methanogens make the marsh gas in wetlands, the bellow 

in cattle belches, and the flair of flatulence. Termites are lit-

tle methane engines, thanks to their digestive archaea. 

Though many methanogens live in the mud, soil is a net 

methane sink, which is precisely why the ancient dirt that 

comprises fossil fuels is so laden with methane. 

 Wetlands  

The methanogens in the marshlands are excited about 

global warming. The hotter it gets, the happier they are. 

The higher the temperature, the more efficient they are at pro-
ducing methane. ~ English climatologist Paul Palmer 

Wetland methane production is illustrative of feedback 

loops inherent in the climate system. 

Global warming is causing these wetlands to produce more 
methane. And the methane is causing more global warming.  
~ Paul Palmer 
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Methane also comes from human endeavors. Sources in-

clude mining, drilling, consumption of fossil fuels, garbage 

dumps, livestock, and rice paddies. At least 2/3rds of emitted 

methane is man-made. Every oil and gas well copiously leaks 

methane and other greenhouse gases. 

Natural gas has been touted as a relatively "clean" fossil 

fuel. It is anything but: natural gas is mostly methane, and 

the American natural gas industry has been careless about 

leaks. Over $4 billion in natural gas is leaked into American 

air annually. Much of it emanates from manufacturing am-

monia fertilizer, which uses natural gas as a feedstock and 

fuel. 

Natural gas losses are a waste of a limited natural resource, 
increase global levels of surface ozone pollution, and signifi-
cantly erode the potential climate benefits of natural gas use.  
~ American chemist Ramón Alvarez et al 

The climate impacts of burning coal in a modern plant versus 
natural gas in a modern plant are similar as a result of the supply-
chain methane emissions. ~ American environmentalist Fred 
Krupp 

Man-made methane emissions are likely to be at least 

double the estimates used in climate models prior to 2018. 

Further, ethane and propane emissions, which are also po-

tent greenhouse gases, are probably 3 times as extensive as 

figured. Ethane and propane are byproducts of natural gas 

and petroleum drilling and refining. 

US oil and gas drilling have been the primary source for the 
rise of atmospheric ethane in recent years, reversing a trend. 
About 60% of the drop we saw in ethane levels over the past 
40 years has already been made up in the past 5 years. If this 
continues, we are on track to the maximum ethane levels in the 
1970s. ~ German atmospheric chemist Detlev Helmig in 2016 

 Cattle  

People eat more meat when they can afford to. Global an-

imal flesh consumption went from 40 million tonnes in 1950 

to 270 million tonnes in 2010. If the trend holds, the eating 

of meat doubles by 2050. 
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Livestock digestive tracts are well stocked with methano-

gens. The ruminants raised and consumed by humans have 

been responsible for 18% of the global warming since the ma-

chine age began: a greater contribution than all the traveling 

to-and-fro in fossil-fueled vehicles such as cars and planes. 

 

One side effect of atmospheric methane is the production 

of ozone, which, near the ground, is another potent green-

house gas. Whatever its surface-level malfeasance, in the 

stratosphere, ozone is a protector of inhabitants below. But, 

before heading into the ozone, a quick snort of laughing gas 

(nitrous oxide). 

 Nitrous Oxide  

Nitrous oxide is another potent greenhouse gas generated 

by agriculture, industrial activity, and waste. N2O has 300 

times the greenhouse power of CO2 and lingers in the air for 

120 years. In reaction with oxygen, N2O gives rise to nitric 

oxide (NO), which in turn reacts with ozone to break it down. 

Though there is scant nitrous oxide in the air, its contribution 

to global warming is considerable: 10%. 

Over 1/3rd of N2O emissions are man-made. The coun-

tries with the greatest nitrous oxide output are China, Brazil, 

and the United States.  

 The Ozonosphere  

Oxygen in the stratosphere (10–50 km up) encounters 

ionizing radiation. The O2 breaks up, recouping itself into a 

molecular mass of O3: ozone. 

The stratospheric ozone layer (20–40 km) has a mere 10 

parts per million (ppm) of O3, compared to 0.3 ppm in the air 

below, but that margin in the ozonosphere is crucial to ren-

dering the planet habitable. 

The ozone layer absorbs ~98% of the Sun's medium-fre-

quency ultraviolet light (200–315 nm wavelength); UV radi-

ation which otherwise would be hazardous to life on the 

surface, such as engendering cancer in humans.  
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A thinner ozonosphere facilitates global warming by let-

ting in more sunlight, but ozone layer depletion does not af-

fect the absorption of heat in the atmosphere.  

The ozonosphere does have an indirect effect on global cli-

mate. A hole in Antarctic ozone layer caused by man-made 

aerosol pollution changed the way that waters mixed in the 

Southern Ocean.  

Formation of the Antarctic ozone hole has caused large-scale 
coherent changes in the ventilation of the southern oceans. 
Southern oceans play an important role in the uptake of heat 
and carbon dioxide, so any changes in Southern Ocean circula-
tion have the potential to change the global climate. ~ Ameri-
can climatologist Darryn Waugh 

 Chlorofluorocarbons  

The ozone layer is depleted by free-radical catalysts, 

which break reactive O3 (ozone) back into the benign O2 we 

eagerly breathe. Chlorofluorocarbons (CFCs) are a class of 

such catalysts, as is nitrous oxide. CFCs contain only carbon, 

chlorine, and fluorine in various configurations. CFCs are po-

tent greenhouse gases. 

From the late 19th century into the early 1980s, CFCs 

were used extensively in aerosols and as refrigerants. CFCs 

were adopted for many industrial processes because they 

seemed inert: they did not burn, did not react with other sub-

stances, nor were they particularly poisonous. Environmen-

tally, the relative stability of CFCs is a substantial hazard: 

their slow breakdown in the atmosphere produces chlorine 

free radicals which decimate the ozonosphere. 

The lingering presence of CFCs in the atmosphere and 

their power to extinguish ozone was belatedly discovered in 

the mid-1970s. They were then quickly regulated, though 

some CFCs remain in use, as chemists have yet been able to 

concoct acceptable substitutes. That we refuse to inconven-

ience ourselves to save ourselves is exemplary of the collec-

tive folly which ensures self-extinction. 
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Because CFCs remain in the stratosphere for up to 100 years, 
they will deplete ozone long after industrial production of the 
chemicals ceases. ~ American environmental scientist Bruce 
Johansen 

 Thomas Midgley Jr.  

When I'm gone, I have no regrets to offer.  
~ Thomas Midgely Jr. in 1944 

By the time he died, American mechanical 

and chemical engineer Thomas Midgley Jr. 

(1889–1944) was hailed as one of the great inven-

tors of the 20th century. Certainly, his legacy was 

lasting. 

Midgley began working at General Motors in 1916. In 

1921, Midgley discovered how to prevent "knocking" in gaso-

line engines: add a bit of lead. GM deceptively advertised the 

additive as "Ethyl," avoiding any mention of the well-known 

toxicant. In 1923, Midgley took a long vacation, hoping to 

cure himself of lead poisoning. 

The development of lead poisoning will come on so insidi-
ously that leaded gasoline will be in nearly universal use before 
the public and the government awaken to the situation.  
~ American physiologist Yandell Henderson in 1924 

Leaded gasoline was adopted worldwide, despite scien-

tific outcry. Only in the early 2000s was the deadly additive 

phased out in most industrialized countries. 

In the late 1920s, GM had Midgley working on a way to 

improve the refrigerants used in refrigerators and air condi-

tioners. The currently used chemicals were toxic, flammable, 

or explosive.  

Midgley settled on a chlorofluorocarbon (CFC), which was 

trademarked "Freon."* CFCs went on, in various concoctions, 

to keep devices and people cool worldwide. 

Highly stable, non-inflammable and altogether without harm-
ful effects on man or animals. ~ American mechanical engineer 

 
* Belgian chemist Frédéric Swarts pioneered the synthesis of CFCs 

in the 1890s. 
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Charles Kettering, who worked with Midgley at GM in develop-
ing ethyl and CFCs 

In 1974, American chemist Sherwood Rowland and Mex-

ican chemist Mario Molina published an article suggesting 

that CFCs were eating huge holes in the atmospheric ozone 

layer, which helps keep the planet cool. CFCs were ostensibly 

banned worldwide by 2110, but their use continues, albeit at 

a much lower rate than in the mid-1990s, when many coun-

tries belatedly decided something should be done. 

Midgley contracted polio at 51, rendering him severely 

disabled. He devised an elaborate motorized system of cables 

and pulleys to help lift him from his bed. In 1944, Midgley 

died of strangulation, having become ensnared in his own 

contraption. 

 Global Dimming  

Global warming is the most telling cause of climate 

change. Another facet is global dimming: reducing the Sun's 

radiation from reaching Earth's surface because of a blanket 

of atmospheric particulates. These pollutants are both natu-

ral – from volcanic eruptions and forest fires – and via man-

made aerosols.  

The cooling effect of global dimming has been over-

whelmed by greenhouse gas release. Even worse, global dim-

ming has an adverse effect on the lives of plants and other 

organisms that thrive on sunlight. 

Global dimming cannot be considered a positive aspect of 

climatic dynamics, such as a counter to global warming. The 

dimming is instead another disruption in Earth's climate 

gyre, and an attack on ecosystem survival worldwide. 

 Ocean Warming  

Global warming is ocean warming. ~ American oceanog-
rapher Gregory Johnson 

The release of greenhouse gases into the air and surface 

warming is only the most obvious aspect of the global warm-

ing gyre. The oceans soak up atmospheric heat: absorbing 
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over 90% of the heat energy added to the world's climate sys-

tem. The oceans are the world's largest natural carbon sink.  

Observed estimates of global ocean warming since 1970 

were low. ~ American oceanographer Paul Durak et al in 2014 

In 2018, researchers found that ocean temperatures were 

rising 40% faster than estimated just 5 years earlier.  

We thought that we got away with not a lot of warming in 
both the ocean and the atmosphere for the CO2 emitted. We 
were wrong. The planet warmed more than we thought. It was 
hidden from us just because we didn't sample it right. But it was 
there, in the ocean already. ~ American geoscientist Laure 
Resplandy in 2018 

The thermal toll on the oceans is accelerating: Earth's 

oceans absorbed heat in 2017 at twice the rate as 2000. Half 

of ocean heat uptake since 1865 has taken place since 1997. 

Just as heatwaves induce wildfires on land, marine heat-

waves are increasing in frequency and severity, destroying 

coral reefs, kelp forests, seagrass meadows, and other oceanic 

ecosystems in just weeks or months. 1987–2016, marine 

heatwaves jumped over 50% compared to 1925–1954. 

Without humans, the natural carbon cycle would be bal-

anced. Instead, oceans manage to absorb only 1/3rd of man-

made CO2 emissions. Too much man, too little ocean. 

We're only just now discovering how important ocean warm-
ing is. ~ American oceanographer Joellen Russell in 2018 
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 Phytoplankton  

Temperature is the most important environmental factor de-
termining the composition of plankton communities. ~ English 
marine biologist Chris Bowler 

Phytoplankton (aka microalgae) are the autotrophic 

members of the plankton community: those able to synthe-

size their own energy via photosynthesis. Almost all microal-

gae are microscopic, but they add up to be a huge factor in 

the oceans being livable. Marine phytoplankton account for 

nearly half of global primary productivity, thereby serving as 

the fundamental food source for heterotrophs in the food web. 

Phytoplankton also play essential roles in the global cycles of 

carbon, nitrogen, phosphorus, and other elements. 

Phytoplankton have not been happy with the warmer wa-

ter: migrating poleward for cool relief. Many struggle to 

adapt as quickly as the ocean is changing. A steady decline 

in phytoplankton numbers in the early 20th century acceler-

ated mid-century. 1950–2010, global microalgae populations 

dropped 40%. The hotting up is especially affecting tropical 

plankton, decreasing their diversity as species go extinct. 

A decrease in diversity is likely to have a strong impact on 
tropical ecosystems, because biodiversity loss is a major cause 
of ecosystem change. ~ marine ecologist Mridul Thomas 

 

Sea animals are more vulnerable to warming than are land 
ones. ~ Australian ecologist Anthony Richardson & South Afri-
can ecologist David Schoeman  

The brisk ocean warming is killing marine life at a rapid 

clip. Worldwide, populations of everything from phytoplank-

ton to coral to whales are being decimated because of ocean 

heat and acidification. 

There's an intimate relationship between the amount of car-
bon stored in the ocean and what the climate is doing. ~ Amer-
ican Earth scientist Jesse Farmer 

25% of the carbon dioxide pumped into the atmosphere 

ends up in the ocean. Through a series of chemical reactions, 

oceans acidify as they absorb CO2.  
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Since industrialization, the world's oceans have become 

30% more acidic. Marine pH continues its freefall. The oceans 

are now more acidic than they have been for over 2 million 

years. Many organisms cannot stand the rising astringency. 

Among other effects, fish lose their sense of smell, greatly re-

ducing their ability to survive. 

Climate warming has been wreaking havoc with marine eco-
systems. ~ American oceanographer Charles Greene 

 Oceanic Anoxia  

Besides heat and acidity, some of the kill-off owes to the 

seas losing oxygen. Most marine life needs oxygen to survive. 

Even slight decreases in oxygen content can have severe con-

sequences on ocean ecosystems, especially when combined 

with other detrimental dynamics. 

Earth's oceans lost over 2% of their oxygen 1960–2015. 

Anoxia more than quadrupled over that period. Oceanic life 

is being starved of oxygen; a trend that is accelerating. Coral 

reefs in anoxic zones quickly die off. 

Oxygen concentrations in both the open ocean and coastal 
waters have been declining since at least the middle of the 20th 
century. This oxygen loss is one the most important changes oc-
curring in the ocean and may result in ecosystem collapses.  
~ American marine biologist Denise Breitburg et al 

The Arabian Sea is the largest and thickest dead zone in the 
world. The area of dead zone is vast and growing. The ocean is 
suffocating. ~ English marine biogeochemist Bastien Queste 

 

 Lobsters  

For days, a female lobster squirts urine into the den of 

her desired mate. Beguiled by the scent, he lets her move in. 

Foreplay lasts for days: stroking each other with antennae 

and feet, which are covered with scent receptors. 

Once she's convinced that he'll protect her, a female dis-

robes: slowly shedding her hard shell and the pouch where 

she had banked sperm from her last mate. Molting leaves her 

vulnerable, so he stands guard for the half hour it takes for 
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her new soft shell to harden. Then, supported by his hind 

claws, he suspends himself above her, and lifts her to face 

him, cradling her in his legs.  

Her new shell has a new sperm pouch, into which he 

thrusts a packet of sperm using his gonopods: the specialized 

appendages that male lobsters use to transfer sperm. The 

deed is done. 

After she departs, he will welcome another female. Mean-

while, the departed female will use her sperm packet to fer-

tilize thousands of eggs, which she will carry under her tail 

for a year until the larvae hatch. 

Lobsters only mate when the water's cold. In warm water, 

lobsters instead put their energy into growing. With con-

stantly warm water, lobsters simply stop mating. 

If it's steadily too warm, they just won't produce. No eggs. 
No sperm. No lobsters. ~ American marine biologist Diane 
Cowen 

 Deglaciation & Rising Sea Level  
It takes sea-level rise a very long time to react -- on the order 

of centuries. It's like heating a pot of water on the stove: it 
doesn't boil for quite a while after the heat is turned on, but then 
it will continue to boil as long as the heat persists. Once carbon 
is in the atmosphere, it will stay there for tens or hundreds of 
thousands of years, and the warming, as well as the higher seas, 
will remain. ~ American geoscientist Peter Clark 

Even if we were to freeze greenhouse gases at current levels, 
the sea would actually continue to warm for centuries and mil-
lennia, and as they continue to warm and expand the sea levels 
will continue to rise. ~ Gregory Johnson 

Since glaciers and ice caps are masses of land-based fro-

zen water, their melting and runoff into the oceans causes 

sea levels to rise. In contrast, because sea ice formed in the 

ocean and floats there, its loss would be relatively insignifi-

cant to sea-level rise.  

Even without deglaciation, sea levels would rise simply 

from the waters becoming warmer. Matter, including H2O, 

expands when heated. Warming invokes thermal expansion. 
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The Last Glacial Maximum was the last period of severe 

glaciation. Ice sheets reached their maximum 26.5 thousand 

years ago (TYA). Deglaciation commenced in the northern 

hemisphere 19 TYA. Antarctica started shedding ice 14.5 TYA, 

provoking an abrupt rise in sea levels. At the time, vast ice 

sheets covered much of North America, northern Europe, and 

Asia. 

Ice mass loss from the most vulnerable ice, sufficient to raise 
sea level several meters, is better approximated as exponential 
than by a more linear response. ~ James Hansen et al 

Over the past century, sea level rose at an average rate of 

1.5 mm, increasing to 3.2 mm a year 1990–2010. The rise is 

accelerating, as the large ice masses of the world melt. Arctic 

ice and the glaciers of the Himalayas will be gone well before 

the end of the century; perhaps even Antarctica's ice too, as 

the rate of ice decline there since 2014 has been precipitous. 

In the 1st decade of the 21st century, changes in the 

global water cycle more than offset the terrestrial losses from 

human extraction. The land has been acting as a sponge: 

soaking up an extra 2.9 trillion tonnes of water in soils, lakes, 

and underground aquifers. This has temporarily slowed sea-

level rise by 20%. 

Climate-driven land water storage uptake is of opposite sign 
and of magnitude comparable with ice losses from glaciers and 
ice sheets and nearly twice as large as mass losses from direct 
human-driven changes in land water storage. ~ American hy-
drologist J.T. Reager et al 
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How long the land has been soaking up extra water is not 

known. But one thing is certain: once the crust is saturated, 

sea-level rise will quicken. 

Sea-level rise is going to continue to accelerate if there's fur-
ther warming, which inevitably there will be. ~ German ocean 
physicist Stefan Rahmstorf 

 American Toxic Sites  

There are over 2,500 toxic chemical sites in flood-prone 

areas of the US. Every state has at least 1.  

Federal, state, and local governments have no regulations 

for safe siting. Floods in recent years have repeatedly un-

leashed lethal regret.  

Governments don't even bother to track toxic spills from 

floods when they occur.* 

It was like the biblical flood, well off the charts. The lesson 
learned is that every now and then there will be something that's 
more than we planned for. ~ American corporate spokesman 
Mike Williams, about the toxic spill from an agrichemical plant 
in Houston, Texas in 2017 

 
* A 2015 US presidential executive order requiring assessment of 

flooding potential for federally funded infrastructure was re-

scinded by President Trump in 2017. 
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2016 estimates foretold global sea-level rise close to 3 me-

ters by 2100: more than double the estimated rise in 2006, 

and 25% more than in 2012. Revisions to sea-level rise in the 

geological near-term keep going up. In 2017, the prediction 

was over 3 meters: up nearly 20% from just a year earlier. 

Changes in ocean currents will affect the way that sea-

water is distributed throughout the world. Further, melting 

glaciers are likely to affect Earth's gravitational field and 

even its rotation, which will also alter current flows. 

Sea-level rise will be more pronounced in certain areas, 

such as on the east coast of North America. 

Continued warming assures sea-level rise for centuries to 

come. 

Sea level rise has the potential to affect millions of people 
living in low-lying coastal regions, particularly the inhabitants 
of megacities on coasts around the world, and those living on 
deltas of major rivers and small island nations. ~ Australian cli-
matologist John Church in 2004 

Entire populations of cities will eventually have to move.  
~ Peter Clark 

Measures to deal with sea-level rise take a lot of time and 

sustained political will. Britain erected a storm surge barrier 

on the Thames River after a catastrophic 1953 storm in 

which over 2,000 people perished; but it took almost 30 to do 

so, and that was fast compared to similar construction pro-

jects. 

 At the Poles  

The Arctic is changing incredibly rapidly; much more rapidly 
than the rest of the world. ~ American climatologist Tim Garrett 
in 2018 

The polar regions are especially prone to global warming. 

Due to geothermal feedback loops, the Arctic has been hot-

ting up at twice the rate of the global average over the past 

century. In early 2019, Arctic air temperatures were 40 °C 

above the 20th-century historical average. 
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What happens in the Arctic doesn't stay in the Arctic: it affects 
the rest of the planet. The Arctic has huge influence on the 
world at large. ~ American oceanographer Timothy Gallaudet 

By upsetting the energy balance of the planet we are chang-
ing the temperature gradient between the equator and the pole. 
This in turn sets in motion major reorganisations of the flow pat-
terns of the atmosphere and ocean. ~ English climatologist 
Chris Rapley 

Besides heat, the Arctic has been especially hard hit by 

ocean acidification. 

The Arctic Ocean is the first ocean where we see such a rapid 
and large-scale increase in acidification, at least twice as fast as 
that observed in the Pacific or Atlantic oceans. ~ Chinese ma-
rine chemist Wei-Jun Cai in 2017 

Changes in the Arctic atmosphere affect the lower lati-

tudes via the polar vortex and jet streams. The polar vortex 

is the gyre of low pressure and cold air at both of the planet's 

poles.  

A jet stream is an atmospheric river that nominally flows 

from west to east in accordance with Earth's rotation, and 

with wavy latitudinal shifts according to climatic conditions. 

There are polar (~50º–60º latitude) and subtropical (30º) jet 

streams. 

As the Arctic warms, the polar vortex weakens and the 

polar jet stream becomes wavier, bringing warmth to the Arc-

tic and cold air to lower latitudes. 

The Arctic is undergoing dramatic changes linked to climate 
change, including a rapid decline in sea ice. As sea ice shrinks, 
it disrupts the natural functioning of the ecosystem.  
~ American marine biologist Amber Hardison 

At the current rate of warming, the Arctic will ice-free by 

2045; probably sooner. The Arctic Ocean has not been iceless 

in the summer for over 125,000 years. 

Polar bears are headed to extinction, as are penguins and 

many other animals dependent upon a habitat with sea ice. 

No sea ice means no seals. And no seals means no polar 

bears. ~ Canadian zoologist Andrew Derocher 
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 Permafrost  

As the Arctic rapidly warms, permafrost – perennially 

frozen soil – is thawing fast. As ground temperature climbs 

above freezing, microbes break down organic matter in soil, 

releasing greenhouse gases that accelerate global warming. 

Permafrost soils hold twice as much carbon as the atmos-

phere: 1,600 billion tonnes. 

Current climate models assume that permafrost gradu-

ally thaws from the surface downwards. Deeper layers be-

come exposed only over decades or even centuries.  

The models ignore that frozen soil doesn't just lock up car-

bon – permafrost physically holds the landscape together. 

Across the polar regions, including boreal forests, permafrost 

is collapsing suddenly from ice melt. Instead of a few centi-

meters of soil thawing each year, several meters of soil desta-

bilize within days or weeks. The land sinks and becomes 

inundated with swelling wetlands and lakes. Forests flood, 

killing vast stands of trees. 

Worse, the most unstable regions are the most carbon 

rich. Over 1 million square kilometers of Alaska, Canada, 

and Siberia are larded with Yedoma: thick permafrost depos-

its from the last ice age. Yedoma is often 90% ice, making it 

extremely vulnerable to warming. Moreover, Yedoma collec-

tively contains 130 billion tonnes of organic carbon: equiva-

lent to over a decade of the greenhouse gases that human 

emit in their industrial endeavors. 

The warming impact from thawing permafrost is likely to 

be at least twice that expected from current models. 

 

Changes at the south pole are also occurring, but at a 

more glacial pace. Southern Ocean currents which surround 

Antarctica are helping keep the continent cool, as upwelling 

deep, cold water fends off warming. 

The oceans are acting to enhance warming in the Arctic while 
damping warming around Antarctica. ~ American oceanog-
rapher Kyle Armour 

The cool at the south pole won't last. Already sea ice 

shelves are cleaving around Antarctica and floating out into 
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the ocean. The melt rate of Antarctica’s ice sheet tripled in 

the decade of 2008–2017. Antarctic ice loss in 2018 was 5 

times faster than 20 years earlier. 

When the ice finally starts seriously melting at the south 

pole, it is likely to trigger catastrophic changes. There are 138 

sleeping volcanoes underneath Antarctica, some of which are 

likely to wake up when the ice cover lessens. Then the south 

pole will become a blow torch to global warming. 

Without ice sheets on top of them, there is a release of pres-
sure on the regions' volcanoes and they become more active. 
~ English geophysicist Robert Bingham 

 The World in Motion  

Swiftly hotting up is rapidly transforming Earth in many 

ways. Shifts in the world's oceans are inciting volcanic activ-

ity and tectonic plate movements.  

A telltale indicator is that north magnetic pole is sliding 

from northern Canada to Siberia at an accelerating pace. 

Global warming is even affecting the rotation of the outer 

core of the planet. 

 Air  
If you can't breathe, nothing else matters. ~ American Lung 

Association motto 

Clean air is essential to both animals and plants. Pollut-

ing the air with particulates or chemicals adversely affects 

all life. 

Beyond carbon-based greenhouse gases are 2 noteworthy 

polluting byproducts of fossil fuel combustion: nitrogen ox-

ides (NOx) and sulfur dioxide (SO2).  
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Nitric oxide (NO) and nitrogen dioxide (NO2) are the ni-

trogen oxides. Though they last only days in the atmosphere, 

nitrogen oxides contribute to the formation of smog and acid 

rain. 

Sulfur dioxide is produced chiefly by power plants and 

factories burning high-sulfur coal and fuel oils. SO2 is highly 

toxic and corrosive. Sulfur dioxide combines with nitric oxide 

to produce the secondary pollutants of acid rain: sulfuric acid, 

nitrate, and sulfur salts. 

 

Air pollution is the 4th-highest risk factor for death globally, 
and by far the leading environmental risk factor for disease.  
~ Canadian environmental scientist Michael Brauer 

Air pollution irritates all the tissues that it touches. 

Stress to the respiratory system is the most noticeable. But 

air pollution deteriorates health holistically, also damaging 

the nervous, immune, and reproductive systems. The toxic 

nanoparticles in air pollution make their way into the brain, 

where they wreak damage, causing mental illness and accel-

erating Alzheimer's and dementia. Air pollution stupefies 

people. 

The entire body is degraded by dirty air. As with other 

pollutants, the young and elderly are most severely impacted. 

Child intelligence plummets from air pollution. 

Air pollution has ethical costs. Cities with more air pollu-

tion have higher crime levels. 

Air pollution increases criminal and unethical behavior by in-
creasing anxiety. Analyses of US cities found that air pollution 
predicted 6 major categories of crime. ~ American social psy-
chologist Adam Galinsky et al 

People are not the only ones to notice foul air. Birds fly 

around noxious air pockets if they can. If not, they fly faster 

through polluted skies, so as get out of the muck as quickly 

as possible.  

Coal-fueled power generation is the single-largest source 

of air pollution. China burns half of the world's coal, having 

overtaken the US as the greatest generator of greenhouse 

gases in 2007, and the biggest energy consumer in 2010.  
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Men lack the technology to burn coal without emitting 

significant pollution. Attempts to do so have failed.  

The economic boom in China and other Asian countries 

that got into full swing in the mid-1990s brought with it an 

upsurge in air pollution which has intensified cyclones in the 

northwest Pacific. Particulate pollution changed how mois-

ture develops in clouds and how heat is distributed in storm 

systems. As a result, the cyclones that sweep across China, 

Korea, and Japan during the winter pack stronger winds and 

more rain.  

92% of the world's population breathes unsafe air. Nearly 

15% of children worldwide, some 300 million, breathe highly 

toxic air. 73% of them live in south Asia. 

Children are uniquely vulnerable because their lungs are still 
developing. Early exposure to toxic air has lifelong conse-
quences for them. ~ English political economist Nicholas Rees 

Pollutants don't only harm children's developing lungs. They 
can actually cross the blood-brain barrier and permanently dam-
age their developing brains, and, thus, their futures. ~ English 
diplomat Anthony Lake 

Early-life exposure to pollution can have lasting impacts on 
cognitive abilities. ~ American public health maven Matthew 
Neidell 

Cities are huge polluters. 70% of the world's carbon emis-

sions emanate from there. Over 80% of the people living in 

urban areas worldwide breath dirty air. Populations in low-

income cities are the worst off. 

Race is a potent predictor of exposure to air pollution.  
~ American environmentalist and sociologist Robert Bullard 

In 2012, 6.5 million people died from air pollution: 11.6% 

of all fatalities worldwide. Half of those deaths were in China 

and India. The toll continues to rise. 

Beijing's air is barely breathable, but it is nowhere near 

the most polluted city on the planet. London in midwinter is 

worse, thanks to stagnant air and diesel vehicles. And then 

there is India. 
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 India  

Air pollution is so bad in India that it has cut crop yields 

by almost half: the plants there can't stand to breathe the air. 

The Indian city with the chokiest air is the capital, New 

Delhi; but several other cities are similarly afflicted with 

toxic air. 

To get ready for the next planting, Indian farmers burn 

the leftover straw in their grain fields. The grain-growing re-

gion of India is Punjab, just north of the capital city. The ex-

tensive crop burning accounts for 25% of the air pollution in 

New Delhi during the winter. 

The government promotes a seeder that obviates the need 

to burn the fields, but farmers cannot afford it. The burning 

of crops has been illegal for many years, but, like many laws 

in India, it is widely ignored. 

Indian officials don't have a clue how bad their air is be-

cause they don't bother to accurately measure it. Anyway, 

government officials fiercely deny the foulness of their air. 

Our levels are comparable with those of other cities. ~ In-
dian government air quality specialist Gufran Beig 

 

Cities in neighboring south Asia countries also have ter-

rible air. The urban air in Pakistan, including Karachi, Paki-

stan's largest city, is horrendous. Narayanganj, one of the 

oldest cities in Bangladesh, sports a nasty smog. Breathing 

in the Iranian city of Khormabad, or Iğdır, on the eastern 

edge of Turkey, is also ill-advised. 

Urban air pollution continues to rise at an alarming rate, 
wreaking havoc on human health. ~ Spanish physician Maria 
Neira 

Over half of the US population lives amid dangerous air 

pollution. 6 of the 10 worst US cities are in California, with 

Bakersfield topping the list.  

Air quality in urban Britain is poor, London particularly, 

where over 8% of deaths are attributable to air pollution. 

60,000 people die in the UK from air pollution annually.  

Machines are the largest source of man-made malodorous 

air, but not solely so. Lifestyle choices themselves pollute the 
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atmosphere: raising livestock produces methane and other 

greenhouse gases which are decidedly unhealthy. 

 Dust  

Dust is the ultimate feedback loop. ~ American meteorolo-
gist Joseph Prospero 

Dust storms arise when hot air over the desert destabi-

lizes the lower atmosphere, whipping up strong winds which 

send massive amounts of dust, sand, and soil across oceans 

and continents. 2 billion tonnes of dust move around the 

globe every year, borne as atmospheric tides. Riding in these 

clouds are all sorts of microbes and aerosol pollutants. 

More than half of the world's dust flows from African de-

serts and dry lands. Much of it is carried on westward trade 

winds across the Atlantic to the Americas. The Middle East 

and Europe get a goodly share of African dust as well. 

Dust from Africa has skyrocketed since the mid-1800s, 

when commercial agriculture took root in the Sahel region, 

south of the Sahara desert and north of the Sudanian sa-

vanna. Inept plowing practices has hundreds of millions of 

tonnes of valuable topsoil blow away. Other regions of Africa 

have contributed their dirt to the wind as economic develop-

ment got underway.  

A terrestrial fungus and infectious bacteria have devas-

tated Caribbean sea fan coral in the past few decades. The 

pathogens were delivered to the Caribbean Sea from the 

plains of Africa. 

The fungus responsible for sugarcane rust explosively 

spread across Caribbean fields in the late 1970s and early 

1980s, decimating the sugar industry. The rust came on dust 

from Cameroon, in west Africa. 

British livestock suffered dozens of outbreaks of foot-and-

mouth disease between the 1950s and 1980s. The viruses do-

ing the damage dropped from the sky, delivered from Africa. 

Seasonal asthma attacks in Barbados, off the coast of 

South America, correspond with the arrival of African dust 

clouds. 
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 China  

Dust from China lands in Hawaii and western North 

America. Greenland is also landfall for Asian dust. 

Nearly 20% of China is desert. For decades, China's de-

serts have been spreading every year by ~340,000 hectares: 

mostly in northern China, where drought is worsening. In 

2017, China had 5.5 million hectares more desert than it did 

in 1975. 

Thanks to rapid urbanization, deforestation, and climate 

change, northern China is blanketed in dust storms annu-

ally. A half century ago, such storms happened every 7–8 

years. 

China's dust storms typically occur during the spring, as 

strong winds send sand from the Gobi Desert over northern 

China and into the Korean peninsula. Dust storms typically 

hit after the region has been afflicted by high wintertime 

smog, which is precipitated by pollutants from power plants, 

factors, and vehicles. 

In early May 2017, a dust storm over Beijing sent the 

city's air quality index to over 620. The US government rates 

readings over 200 "very unhealthy," and 301–500 "hazard-

ous." 

 

Saharan dust creates algae blooms in the Caribbean and 

subtropical Atlantic. Chinese dust does the same on the west 

coast of America: creating toxic blooms from southern Cali-

fornia to as far north as Alaska.  

Canadian lentil fields were hard hit in 1987 by anthrac-

nose, a fungal spotting and wilting disease. This fungal blight 

was brought on the wind from Asia. 

 Dusted Oceans  

Pollution can invoke dramatic environmental dynamics. 

Partly through dust, Chinese pollution has raised the levels 

of iron and nitrogen in the ocean off the coast of east Asia. 

These are key nutrients for marine life. 

Ocean currents carry the artificial enrichment to tropical 

waters, where the minerals are consumed by phytoplankton. 



 The Fruits of Civilization  495 
 

While the phytoplankton may have oxygenated the at-

mosphere with their exhaust, their dietary indulgence has a 

negative effect on dissolved oxygen in the deep. When plank-

ton expire, their organic matter sinks. Bacteria below con-

sume the remains, using oxygen in the water to do so. This 

lowers the oxygen level in the ocean, leading to hypoxic 

events that alter marine habitats.  

Air pollution can circulate across the ocean and affect ecosys-
tems thousands of kilometers away. Dust can have a huge im-
pact on the health of the oceans. ~ Greek American ecologist 
Athanasios Nenes 

 

 The Dust Bowl  

From the early 1870s, white families settled into prairie 

states which had been "set aside for the perpetual home for 

the red man." As with the rest of the country, indigenous peo-

ples were forcibly evicted from their lands.  

Many of the white migrants came from the hill country of 

the rural South: a restless, violent folk inured to a hardscrab-

ble existence. They left behind them soil depleted by the 

dreadful farming practices which they brought with them. 

These tenants and sharecroppers quickly overworked the 

Great Plains as they had the soils they had tilled before. Top-

soil washed away, and with it all prospects for a decent life. 

This was self-destruction through ignorance. Native sod 

that was an indispensable buffer against wind and drought 

was plowed in long straight furrows, often parallel with the 

wind. Large fields were left bare. Diverse vegetation was sup-

planted by a single cash crop which could not hold the soil. 

The western plains were blessed with plentiful rain and 

moderate winters in the 1920s. Then the weather turned for 

the worse. The summer of 1930 was unusually dry. Succeed-

ing years turned dryness into drought. 

The wind whistles on the western plains at 15 miles per 

hour on an average afternoon. In the spring of 1934, the whis-

tle became a relentless howl. Thus birthed what became 

known as the Dirty Thirties. 
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Tens of tonnes of dirt were dumped in Chicago and on the 

eastern seaboard. Soil sifted into the White House and set-

tled onto ships at sea. 

This was not the first dust storm of significance on the 

Great Plains. Serious storms had raged in 1886, 1894, 1913, 

1932, and 1933. The difference was only of scale and sus-

tained intensity. The weather reaped a disaster which farm-

ers had sown. 

On 14 April 1935 – Black Sunday – winds raged across 

the Great Plains from Texas to Canada, turning day into 

night. By that time, the United States, which had been the 

world's breadbasket, had to import wheat from elsewhere. 

The scraping of the western plains continued to 1941, 

when the winds relented, and record rains came. 

Loose dirt was not the only export during the Dust Bowl. 

Out of the plains and hills of once-peaceful native lands came 

the Okies: a people who had quickly transformed a rich land 

into what Carey McWilliams called "a sumphole of poverty." 

Writers at the time portrayed a natural disaster that gave 

landlords and banks the chance to put people off their valua-

ble land. It was nothing of the sort. Farmers themselves 

brought about their own calamitous fate. 

 Aral Sea  

The Aral Sea in central Asia formed 5.5 million years ago. 

It is surrounded by 4 deserts.  

The Aral Sea was once the 4th-largest lake in the world; 

unusual in that 2 rivers flowed into it, but none flowed out. 

A high evaporation rate meant that Aral Sea just managed 

to retain its size.  

In the early 1960s, Soviet planners authorized huge di-

versions from the rivers feeding the lake to irrigate farms. 

The land around the Aral Sea became heavily laden with pes-

ticides, and highly vulnerable to erosion from plowing.  

What was once the Aral Sea is now a few toxic ponds and 

a desert the size of West Virginia. The lethal little lakes will 

be gone by 2025. 

The wind blows the polluted dust of the erstwhile Aral 

Sea for hundreds of kilometers to the south. Those living 
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nearby have fewer diseases from the airborne toxins than 

those living 400 km away. 

 Owens Lake  

There it is, take it. ~ Los Angeles water department commis-
sioner William Mulholland in 1913, referring to depleting 
Owen Lake for the city's water supply 

America has its own Aral Sea in Owens Lake. Once the 

size of the Sea of Galilee, Owens Lake once gleamed in sunny 

California, midway between Sequoia National Park and 

Death Valley. 

At the turn of the 20th century, state bureaucrats decided 

that the river feeding the lake was better put to slaking the 

thirst of burgeoning Los Angeles. Within a decade the lake 

dried up. That uncovered 28,500 hectares of briny silt heavily 

laced with arsenic, which gold miners had used a half century 

earlier in their operations upstream.  

Today, Owens lake is the single biggest dust source in the 

United States. During a storm, fine carcinogenic dust howls 

into the distance, aiming some of its toxic revenge on Los An-

geles, the city that sucked it dry. 

It's a desert climate, but LA made it the dust bowl that it is 
today. ~ American environmental scientist Mel Joseph on Ow-
ens Lake 

 Buildings & Birds  

If you're a bird, the skies are no longer safe just because 

of stinky air. Buildings, especially glass skyscrapers, simply 

are not recognized as hazards by many birds. The features 

that create a killer tower include glass reflectivity, sunlight 

orientation, night lighting, and whether the building has ir-

regular shapes. Each one can engender bird strikes. 

Over 1 billion birds a year fly to their doom by smashing 

into North American buildings; perhaps 2 billion worldwide. 

Toronto, which is right in the flight path of migratory birds, 

is the deadliest city for avian fliers: up to 9 million birds die 

each year from colliding into Toronto towers. New York City 

only manages to kill 2 million birds a year. 
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The victims are largely songbirds. Their swan song is 

swift, though many suffer concussions before crunching into 

the street. A tiny percentage survive, though few ever re-

cover. 

 Noise  

Soon silence will have passed into legend. Man has turned 
his back on silence. Day after day he invents machines and de-
vices that increase noise and distract humanity from the essence 
of life, contemplation, meditation. ~ German French sculptor, 
painter, and poet Jean Arp 

People make a terrible racket with their clamorous ma-

chines. The effect is unnerving. Traffic, airplanes, and other 

hubbub take a significant toll on nearby animals, humans in-

cluded. Noise lessens the quality of life and lifespan for all 

within earshot.  

As you raise background sound levels it has the same effect 
on your hearing that fog has on your vision. ~ American bio-
acoustical ecologist Kurt Fristrup 

Much of the wild is disquiet, but animals evolved in these 

habitats, and so are accustomed to living amid Nature's own 

cacophony. In contrast, the sonic bedlam of humans ladles 

tremendous tension. 

Noise is an imposition on sanity, and we live in very noisy 

times. ~ American musician Joan Baez 

Artificial noises don't just confuse and distress: they 

drown out what animals need to hear to survive. Predators 

have trouble finding prey. Prey cannot hear approaching 

predators. Songs of love are lost, and thereby the prospects 

for future generations.  

 Undersea Noise  

Natural underwater sound is used by many animals to find 
suitable habitat, and traffic noise is one of the most widespread 
pollutants. ~ English zoologist Sophie Nedelec 

Sound travels better underwater than in the air. The 

quality of the acoustic environment is important to aquatic 

life. Fish use sound cues to navigate, and to woo mates. Noise 
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from boats can lead fry astray, and so lessen their chances for 

survival.  

All sorts of sea life are harmed by acoustic pollution. 

Aquatic lives are recklessly lost or ruined by noisy men. 

 Navy Sonar  

The US Navy does not care about the damage it does to 

life in the oceans. For decades, the Navy has heedlessly deaf-

ened dolphins and whales by blasting its sonar at frequencies 

known to inflict pain. 

If you deafen a marine mammal for even a short period time, 
you are affecting its ability to survive. ~ American environmen-
tal scientist Michael Jasny 

Cetaceans may go mad trying to get away the terrible 

noise. Many have beached themselves to end the agony. 

The U.S. Navy could use a number of proven methods to 
avoid harming whales when testing mid-frequency sonar. Pro-
tecting whales and preserving national security are not mutually 
exclusive. ~ American environmental scientist Fred O'Regan 

The Navy acknowledges that it has killed tens of thou-

sands of marine mammals with its sonar. The US Supreme 

Court found that quite alright, ruling that the Navy could do 

as it pleased.  

The most serious possible injury would be harm to an un-
known number of marine mammals. The overall public interest 
tips strongly in favor of the Navy. ~ US Supreme Court in Win-
ter v. Natural Resources Defense Council (2008) 

 

The American Navy is not alone in killing sea life with 

noise. Commercial surveyors – looking for oil, gas, or mineral 

reserves – use underwater air guns that deafen and kill all 

manner of marine creature. 

Whether over land or in the seas, the cumulative effect of 

noise is to unbalance the ecosystem. The roar of modern hu-

manity is a raspberry of disdain to life. 

noise, n. The chief product and authenticating sign of civili-
zation. ~ American writer Ambrose Bierce in Devil's Diction-
ary (1911) 
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 Light  

Dark areas are being lost in places where animals and plants 
have adapted to darkness over billions of years. ~ German 
ecologist Franz Hölker 

The cycle of day and night provides critical timing cues to 

all sorts of life. Turning night into day, or its rough facsimile, 

hurts those who depend upon the dark. Like a moth to a 

flame, flying insects perish in large numbers from the seduc-

tion of artificial lights. Birds are adversely affected, espe-

cially migratory ones. Light pollution poses a threat to 30% 

of vertebrates and over 60% of invertebrates. Human cancers 

increase in well-lit neighborhoods. Plants are also negatively 

impacted. 

Illuminating the nocturnal environment can have widespread 
ramifications for ecology and human health. ~ English ecol-
ogist Thomas Davies 

The loss of night is widespread. Half of Europe and a 

quarter of North America is nocturnally lit. The problem is 

rapidly worsening. From 2012 to 2016, the area of Earth ar-

tificially lit grew by 9%. At that rate, the spread of fake light 

will double by 2044. The brightening is most dramatic in rap-

idly industrializing countries throughout South America, Af-

rica, and Asia. 

There is a more insidious form of light pollution: indus-

trial materials may refract polarized light in a way that con-

fuses insects, who mistake a hazardous substance for water. 

These objects look more like water than water. EvBen when 
given the choice between water and human-made surfaces, 
some insects prefer to lay their eggs on – and settle near – the 
latter. ~ American ecologist Bruce Robertson 

 Water  
The least movement is of importance to all Nature. The entire 

ocean is affected by a pebble. ~ Blaise Pascal 

Though clean water is key to health, people have always 

fouled waterways and treated the oceans as an infinite toilet. 

Wastes of all sorts, including toxic chemicals, are dumped or 
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make their way to the ocean. The result has been to pollute 

all marine life, and so turn a wholesome food source into a 

hazard. 

Most of the world's urban waterways receive a cocktail of 
pollutants from agricultural runoff to human sewage containing 
medicines like antidepressants. Such cocktails may stop short of 
killing marine species, but these contaminants damage the 
health of aquatic ecosystems. ~ American marine biologist 
Alex Ford 

Sea bathing is no longer safe for people to enjoy. 

Spending time in the sea increases the probability of 
developing illnesses, such as ear ailments and problems with 
the digestive system. The pollution affects swimmers. ~ English 
environmental epidemiologist Anne Leonard 

 

Nearly 3 billion people rely on fish for their major source of 
protein. A significant proportion of the world’s population is 
exposed to persistent, bioaccumulative, and toxic pollutants 
through seafood. ~ American marine biologist Lindsay Bonito 

 Shipping  

Ships have always been the 

cheapest, fastest way to move 

cargo over long distances. Most of 

the world's populations live in 

coastal areas, and on waterways, 

for this very reason. Shipping is 

the lifeblood of economic globalization. 

world shipping routes 
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Over 60,000 colossal ships crisscross ocean trade routes, 

burning 2.2+ billion barrels of heavy fuel oil annually. Heavy 

fuel oil is the residue from crude oil refining. This filthy fuel 

emits 1,800 times more sulfur into the air than diesel en-

gines. The 16 largest ocean ships produce as much sulfur pol-

lution as the entire global fleet of cars. Heavy fuel oil is the 

stuff that no one on land is allowed to burn. Ships contribute 

~2.5% of global greenhouse gas emissions. 

Ship pollution affects local weather. Thunderstorms 

above busy shipping lanes are much more intense. 

Humans are changing the intensity of storm processes on 
Earth through the emission of particulates from combustion.  
~ American atmospheric scientist Joel Thorton 

Large marine mammals are regularly run over by trade 

ships. The noise of ocean vessels disrupts and shortens the 

lives of those sea creatures who are not more grievously 

abused. 

The ballast water that ships carry and discharge at the 

next port of call does a wondrous job of transporting diverse 

zoos of biological specimens, including plants, animals, and a 

vast variety of microbes. Today's cargo ships perform this 

function much more prodigiously than vessels in earlier ages. 

By dint of ferrying humans to-and-fro for extended periods, 

cruise ships do their cargo brethren one better in generating 

nasty bilge which is dumped in the seas. 

The Exxon Valdez was an oil tanker which plowed into 

Alaska on 24 March 1989 and spilled its guts in the surround-

ing waters, killing over 400,000 seabirds, ~1,000 sea otters, 

millions of fish, and laying a thick layer of oil which suffo-

cated and otherwise fouled life below. This spectacular blun-

der was simply the blazing billboard of the fact that oil spills 

of all sizes are a regular feature of ocean shipping. 

 Plastic  

Plastic is indispensable for many applications, including 

surgical gloves and condoms, and in packaging foods to keep 

them fresh longer, thereby reducing food waste. Plastic is 

also eminently disposable. 
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After a short first-use cycle, 95% of plastic packaging is lost 

to the economy. ~ World Economic Forum 

In 1955, Life magazine celebrated the dawn of "throwa-

way living," thanks to disposable plastics. In 2015, 406 mil-

lion tonnes of plastic were produced globally. 36% of it was 

used once or twice and then thrown away. 
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 13 million tonnes of plastic refuse went into the world's 

oceans in 2015. At that disposal rate, marine plastic will out-

weigh fish by 2050. But this projection is a gross understate-

ment. Plastic production is expected to double between 2015 

and 2035. 

Plastics are similar to DDT in the sense that they were previ-
ously not perceived as a major pollutant. ~ Canadian marine 
biologist Boris Worm 

The ravage of oceanic plastic is especially bad on coral 

reefs, as dirty plastic infects coral. Corals entangled in plastic 

are 20 times more likely to become diseased. 

Corals are animals just like me and you: they become 
wounded and then infected. Plastics are ideal vessels for micro-
organisms, with pits and pores, so it's like cutting yourself with 
a really dirty knife. ~ American marine biologist Joleah Lamb 

Once a coral is infected, the disease usually spreads 

across the colony. 

If a piece of plastic happens to entangle on a coral it has a 

pretty bad chance of survival. ~ Joleah Lamb 

Americans dump 8 trillion bits of plastic into rivers, 

lakes, and the oceans daily, weighting ~0.22 tonnes. Many 

toothpastes, personal cleansing and cosmetic products now 

include tiny, wrongly-presumed-harmless plastic microbeads 

intended to help keep skin, scalp, and pearly whites clean. 

Using these products leads to unnecessary contamination of 
the oceans with microplastic particles. ~ English marine ecol-
ogist Richard Thompson 

A single application of a product with microplastics can 

release 100,000 of these miniscule beads. Harmless they are 

not. 

Contaminants like these microbeads are not something our 
wastewater treatment plants were built to handle, and the over-
all amount of contamination is huge. The microbeads are very 
durable. ~ American ecologist David Smith 

Most marine plastic comes from East Asia, where waste-

collection systems are flawed or nonexistent. 10 rivers – 2 in 

Africa and 8 in Asia – discharge 90% of the plastic debris that 
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winds up at sea. The Yangtze River in China alone delivers 

1.5 million tonnes to the ocean annually. 

The microplastic problem is originating upstream, in river 

catchments. ~ English ecologist Rachel Hurley 

In Indonesia, rivers and canals are clogged with plastic 

debris. In Bandung, Indonesia's 3rd-largest city, the govern-

ment sent in the army in 2018 to help fight the overwhelming 

mountains of garbage. 

What I am fighting now is rubbish. It is our biggest enemy.  

~ Indonesian army commander Sergeant Sugito  

 

60% of the plastic produced is less dense than seawater. 

Wind-driven upper ocean currents act as gyres to distribute 

and concentrate buoyant seaborne plastic. There are 5 major 

ocean gyres on Earth at the present time. 

 Several huge plastic garbage deposits have formed 

throughout the world's oceans, where plastic permeates the 

entire ocean depth in considerable concentration. The Great 

Pacific garbage patch in the northern Pacific Ocean is exem-

plary. This plasticized vortex is mostly comprised, volume-

wise, of small bits (microplastics). By weight, nearly half of 

the plastic comes from discarded fishing nets, which readily 

snag sea life. 

 In 2013, there were over 5.25 trillion bits of sizable ma-

rine plastic afloat, weighing at least 269 thousand tonnes. 
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This plastic flotsam is only 1% of the total plastic in the 

oceans. The smaller 99% of the plastic in the oceans is a 

larger problem. 

The most hazardous marine plastics are the small bits 

that float near the surface, where they are eaten by fish, dol-

phins, whales, turtles, and seabirds. Over half of the world's 

sea turtles and cetaceans have consumed plastic. Many have 

died from it. 

In April 2019, a young pregnant sperm whale washed up 

on a beach of Italy. Inside were over 1,000 assorted pieces of 

plastic weighing 22 kilos. A month earlier a beached whale 

in the Philippines died with 40 kilos of plastic inside. Such 

deaths by indigestion are a regular event. 

 The consumption of plastic by sea creatures is not inad-

vertent. Marine-seasoned plastics produce a dimethyl sulfide 

signature that has an appealing scent. Plastic smells like 

food. 

The threat of plastic pollution is global, pervasive, and in-
creasing. Concentrations reach 580,000 pieces per km2 and pro-
duction is increasing exponentially. Plastics ingestion will reach 
99% of all seabird species by 2050. ~ Australian marine and 
atmospheric researcher Chris Wilcox et al in 2015 

Filter-feeding sea life are severely impacted by the tiny 

plastic particulates which foul their digestive system. If not 

fatal in of itself, reproductivity is decimated. Oysters are ex-

emplary. 

The green bacteria called Prochlorococcus is the most abun-
dant photosynthetic organism on Earth, contributing up to 10% 
of total global oxygen production. Chemicals leaching from 
plastic pollution interfere with the growth, photosynthesis, and 
oxygen production of Prochlorococcus. ~ Australian biochem-
ist Sasha Tetu 

2/3rds of the seafood Americans eat has plastic in it. A 

2016 study concluded that seafood consumers are ingesting 

up to 11,000 bits of plastic a year, to unknown health effects. 

1/3rd of all plastic waste ends up in soils or freshwater. 

Most of it disintegrates in tiny particles. Terrestrial micro-

plastic pollution is much higher than marine fouling by a fac-

tor of 4 to 23, depending on the environment. 
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Sewage factors heavily in the distribution of microplas-

tics. ~85% of the particulate matter in sewage, such as from 

garment fibers, persists in the sludge, which is often applied 

to crop fields as fertilizer. Hence, much microplastic ends up 

in soils. Plastic residues alter the health of soil by fouling the 

organisms that live there. Earthworms burrow differently 

when soil is plasticized, affecting worms' fitness and thereby 

soil quality. 

Plastic fibers are found in tap water around the world. At 

least 83% of the world's drinking water is plasticized. The US 

has the highest contamination rate: 94%.* The lowest con-

tamination rates are the UK, Germany, and France, at 72%. 

Plastics enter our body and can stay there for quite a while. 
~ Belgian environmental biologist Colin Janssen 

Plastic undergoes physical and chemical transformations 

as it breaks down, increasing toxicity. A few compounds in 

plastic which leach out, such as BPA, disrupt the hormone 

systems of both vertebrates and invertebrates. The long-term 

health effects are not well understood, but indications are 

that microplastic pollution is debilitating if not outright le-

thal. Inflammation seems to be the least of it. 

Detectable levels of BPA are in the urine of 95% of American 
adults. ~ environmental scientists Emily North & Rolf Halden 
in 2013 

Plastic disintegrated via sunlight releases methane and 

ethylene: potent greenhouse gases. Once such dissolution be-

gins, the emissions proceed without further solar energy. 

Polyethylene, which is the most produced and discarded syn-
thetic polymer globally, is the most prolific emitter of green-
house gases. ~ Canadian biological oceanographer Sarah-
Jeanne Royer et al 

Plastic debris is everywhere. It has spread across the 

planet, including accumulating in the Arctic. 

 
* 10,000 tonnes of plastic are dumped in the Great Lakes every 

year. The Great Lakes and related rivers provide much of the 

drinking water supply for the region. This is emblematic of Amer-

ica. 
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Plastic pollution reaches the most remote areas of the planet. 

~ Spanish ecologist Andrés Cózar et al 

 Henderson Island  

The inhospitable nature of the island, together with its re-
moteness and inaccessibility, has so far effectively ensured a 
near-pristine island ecosystem. ~ United Nations in 1988, de-
claring Henderson Island a "world heritage site"  

Henderson Island is a 37.3 km2 volcanic tip in the south 

Pacific Ocean, located between Peru and New Zealand. With 

poor soil and little fresh water, the island has been uninhab-

ited since the late 15th century.  

Despite lacking people, Henderson Island had acquired 

38 million pieces of plastic garbage on its beaches by 2017. 

3,500 bits of refuse wash up there daily. 

The isolation of remote islands has, until recently, afforded 
protection from most human activities. However, society's in-
creasing desire for plastic products has resulted in plastic be-
coming ubiquitous in the marine environment, where it persists 
for decades. ~ Australian marine ecologist Jennifer Lavers & 
English marine ecologist Alexander Bond 

 

Tiny pieces of plastic break off larger items, becoming mi-

croplastic that litters the air, eventually landing somewhere. 

On average, on every square meter, 37 microplastic pieces 

rain down on Earth's surface each day. 

Some plastic can withstand 450 years in the ocean before 

disintegrating; even longer in freshwater or in the soil. 

Our throwaway culture is strangling the natural world with 
plastic. ~ English marine biologist Lyndsey Dodds 

Despite its long-lived hazards, plastic is a minor player in 

dirtying the terrestrial environment. Just 10% of the 3.6 mil-

lion tonnes of solid waste discarded each day in the world is 

plastic. 
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 Overfishing  

Until the 20th century, the stocks of fish in the vast oceans of 
the world seemed to be inexhaustible. There was no attempt to 
limit catches, and all the effort was put into maximising exploi-
tation. ~ Clive Ponting 

The false perception that marine resources are infinite is still 
common. ~ Brazilian-American ichthyologist Luiz Rocha 

The fishing industry worldwide has done its utmost to de-

stroy its own business. Since 1950, 25% of the world's fisher-

ies have collapsed from overfishing; a trend that began in the 

late 19th century. 

Industrial fishing occurs in >55% of ocean area and has a 
spatial extent more than 4 times that of agriculture. ~ American 
ecologist David Kroodsma et al in 2018 

The decimation of ocean ecosystems has been a govern-

ment project. After the 2nd World War, the United States 

used fishing rights and fisheries technology as a geopolitical 

tool.  

The US subsidized the modernization of Japan's fishing 

fleet during Allied occupation of that country (1945–1952). 

Funds from the Marshall Plan, meant to rebuild Europe, 

went to expanding fishing.  

All around the world, America engendered overfishing. 

Sensing the political struggle, other countries responded in 

kind. 

90% of Earth's once-abundant fisheries are either fully 

exploited or facing collapse. Oceanic ecology has been unbal-

anced worldwide.  

As an example, cod fishing off Newfoundland, Canada col-

lapsed in 1992. 40,000 jobs were lost. 25 years later, the fish-

ery has yet to recover, and it never will. 

In the mid-1980s, overfishing forced Spanish, Japanese, 

and South Korean industrial fishing fleets out of their na-

tional waters. They went to the ocean off Chile and pillaged 

until the fisheries there collapsed.  

Then the fleets moved on. Beginning in 1997, Prince Ed-

ward and nearby islands in the Indian ocean were fished to 

commercial extinction in just 2 years.  
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Of the 3.5 million fishing vessels worldwide, only 1.7% are 

classified as industrial; yet these ships take almost 60% of 

the global fish catch. The corporations that run these large 

fleets take the bulk of the $30 billion in government subsidies 

handed out each year to the worldwide fishing industry. 

On land, the terrestrial animals most at risk of extinction 

are large-bodies creatures and top predators. It was long as-

sumed that these patterns applied in the ocean as well. Not 

so. Since 1960, smaller fish that are commercially fished had 

up to twice as many stock collapses as fish higher up on the 

food chain. 

All kinds of species, including the small ones that used to 
think were incredibly resilient, are also vulnerable to overfish-
ing. Even temporary collapses of small, low trophic-level fishes 
can have ecosystem-wide impacts by reducing food supply to 
larger fish, seabirds, and marine mammals. ~ American marine 
ecologist Malin Pinsky 

Benthic bounty is also had by dredging the sea floor, 

which is devastating to an oceanic ecosystem. Coral and 

sponges that provide a habitat for fish are demolished and 

their populations do not recover. 

The world's richest areas for marine biodiversity are also 
those areas most affected by both climate change and industrial 
fishing. ~ Spanish marine ecologist Francisco Ramirez et al 

Overfishing occurs everywhere and is only checked by au-

thorities long after stocks have been depleted. Only 0.01% of 

the world's oceans are closed to fishing.  

Despite international regulations aimed at overfishing, 

the high seas remain a lawless place. Regulations often met 

in the breach, as the monetary lure is strong and enforcement 

spotty.  

We don't want them on the boat. We feel as though they're 
out there to kind of shut us down. ~ American fisherman Nick 
Muto 

Self-destructive to the last, fisherman resist regulation. 

Government observers are harassed.  

They're going to make your life as hard as possible. ~ Amer-
ican fishing observer Christopher Stump 
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 China  

Build bigger ships and venture even farther into the oceans 
and catch bigger fish. ~ Chinese president Xi Jinping in 2013 

In recent decades, China has been an aggressive over-

fisher. The South China Sea yields 1/10th of the global fish 

catch. Coastal fisheries now have just 5–30% of the stocks 

they had in the 1950s: so Chinese fisherman have gone far-

ther offshore and into distant waters.  

In the 2010s, China has taken all that it can out of African 

waters, including destroying seabeds with bottom trawlers. 

Bottom trawling is banned, but the Chinese show little re-

gard for legalities, and no concern for sustainability. 

The Chinese government heavily subsidizes the pillage of 

African waters. Most of China's 2,600 fishing vessels are 

large enough to scoop up as many fish in a week as native 

African boats could catch in a year. 

As China has become more prosperous, fisherman from 

other countries have increasingly catered to Asian tastes. Pe-

ruvian fisherman slaughter 15,000 dolphins each year to use 

their meat as bait to catch sharks. Fishermen prefer dolphin 

meat because its strong blood odor readily attracts sharks. 

Shark fin is considered a delicacy in Asia, and often served in 

soup at expensive Chinese restaurants. 

 Krill  
Krill are tiny, shrimp-like crustaceans 

that grow to be 6 cm long. Krill are found in 

all the oceans. The coolest krill live in the 

pack ice that forms in Antarctica. 

Krill feed on phytoplankton and are themselves fed upon 

by all manner of marine animal. Krill is an essential oceanic 

food source, and their numbers have deteriorated precipi-

tously in recent decades. Krill populations dropped over 80% 

in the 4 decades from 1977 to 2017, precipitating a decline in 

seabirds, notably penguins, many of whom rely upon krill to 

fill their bellies. Marine mammals, including whales, have 

also been adversely affected. 
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Ocean warming is partly behind the krill decline, but the 

main reason for such loss has been suction harvesting by 

large trawlers, which can gather vast quantities of krill. 

These fishing fleets are feeding a growing global demand for 

krill-based health products, based upon dubious claims that 

are more superstition than science. The krill industry 

proudly projects that it can grow 12% a year from 2018 to 

2021 and will doubtlessly suck up all the krill that it can, 

until the krill kill is no longer profitable or possible. 

 Coral Reefs  

Coral reefs have suffered degradation from human activities 
associated with overexploitation and pollution; degradation that 
has accelerated over the past ~50 years. ~ Australian marine 
biologist John Pandolfi et al in 2011 

Coral are colonial marine invertebrates, related to sea 

anemones. Coral colonies are populated by individual polyps 

that grow together via excreted, calcareous exoskeletons an-

chored to the seabed. Each polyp is a sac-like sessile animal 

a few millimeters wide and a few centimeters long. A set of 

tentacles surrounds a mouth at the top of the exoskeleton. 

Corals catch small fish and plankton using the stinging 

cells on their tentacles, but most of their nutrition comes 

from endosymbiotic algal protists that photosynthesize, and 

thereby contribute energy to the polyp, along with aiding in 

the calcification of the polyp's exoskeleton. In return, the al-

gae get comfortable living quarters, and benefit from the CO2 

and nitrogenous waste that polyps pump out. 

Coral provide the base for reefs which may extend for 

many kilometers. These reefs are critical buffers preventing 

shoreline erosion. 

Coral Reefs 
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Coral reefs can effectively protect shorelines because of their 
ability to cause waves to break offshore, thus limiting the energy 
impacting the coastline. ~ Australian coral reef ecologist Mi-
chael Cuttler 

The Great Barrier Reef off the eastern coast of Australia 

is the world's largest coral reef system. Comprising over 

2,900 individual reefs, the Great Barrier Reef extends covers 

an area of 344,400 km2: roughly equal to all of the British 

Isles, and only slightly smaller than Japan.  

It took millions of years for the Great Barrier Reef to grow 

to its 20th-century size. Then human pollution began to take 

its terrible toll. From 1985 to 2012, the Great Barrier Reef 

lost 50% of its coral cover. The losses have only accelerated 

since then. Following a prolonged heatwave, 50% of the re-

maining coral died from heat stress in 2016–2017. 

Mature and diverse reef communities are being transformed 
into more degraded systems, with just a few tough species re-
maining. ~ Australian coral reef ecologist Andrew Baird 

Coral reefs are mainly in shallow tropical and near-trop-

ical seas offering tepid temperature waters. Reefs are sensi-

tive to light, temperature, and water acidity (pH). 

Coral reefs are the rainforests of the sea, forming some of 

the most diverse ecosystems on Earth. Though they occupy 

less than 0.1% of the world's ocean surface, coral reefs are 

home to 25% of all marine diversity. That makes coral one of 

the most important keystone species on the planet. Many hu-

man societies rely upon the seafood bounty that need coral 

reefs to thrive. 

Coral reefs are a major player in the biosphere: helping 

regulate global temperature. Making calcified shells absorbs 

carbon dioxide, thus acting as a modest sink for this green-

house gas. 

Oceans absorb 30% of the CO2 emitted into the atmos-

phere: a process which makes seawater more acidic. Rising 

concentrations of carbon dioxide in the water make calcifica-

tion harder for coral. Ocean acidification has been slowing 

coral growth. 

Ocean acidification is already taking its toll on coral reef com-
munities. This is no longer a fear for the future; it is the reality 
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of today. ~ American marine ecologist Rebecca Albright in 
2016 

 

Corals that are stressed can experience a breakdown of the 
symbiosis with their photosynthetic partners, resulting in a 
bleached appearance. ~ American marine biologist Don Levi-
tan et al 

As oceans warm, corals lose their colorful algae, which 

can only cope within a narrow range of temperatures. Reefs 

are reduced to bleached skeletons, vulnerable to disease. 

Ocean acidification also engenders bleaching. 

Before the 1980s, large-scale coral die-offs were virtually 

unheard-of. Since then, coral bleaching has happened so fre-

quently that reefs are unable to recover.  

It typically takes 10–15 years for the fastest-growing 

coral to recover from a severe bleaching event. Larger corals 

that provide shelter for bigger fish take even longer. 

5 severe bleaching events have occurred in the recent 

past. The 1st was during the 1982–1983 El Niño. 

A 2nd bleaching event coincided with the 1997–1998 El 

Niño, which caused ocean surface water temperatures to 

soar. A forceful La Niña followed a strong El Niño, bringing 

warm waters to the western Pacific. 16% of the world's corals 

died as a result. 

A 3rd, terrible coral-bleaching event occurred in 2005, in 

the western Atlantic Ocean. Over 40% of the corals in the 

Caribbean Sea died. 

At the population level, a reduction in spawning persisted for 
several years following each bleaching event. Corals that re-
cover from bleaching events can experience long-term reduc-
tion in reproduction. This may be catastrophic for the long-term 
maintenance of the population. ~ Don Levitan 

The 4th bleaching event happened worldwide in 2010. All 

told, 25% of the world's corals died from 1960 to 2010. 

The frequency of mass bleaching events are going up because 
of global warming. We are hitting the corals, then we are hitting 
them again, and then again. ~ American biological oceanog-
rapher Mark Eakin 
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A 5th worldwide coral-bleaching event started in mid-

2014, with a developing El Niño. An especially strong warm-

water current took a grievous toll. 

El Niño was over by the end of 2016, but global coral 

bleaching carried on through 2017. It was the longest bleach-

ing event during human existence, and the most severe. 

Coral bleaching is caused by global warming full stop. It's not 
due to El Niño. We've had thousands of El Niño prior to 1983; 
none of them caused bleaching. Bleaching is caused by the ris-
ing baseline temperatures due to anthropogenic global warm-
ing. La Niña periods today are actually warmer than El Niño 
periods were 40 years ago. ~ Australian marine biologist Terry 
Hughes 

Historically, La Niña events have meant cooler ocean wa-

ters; no longer. 

The Great Barrier Reef was grievously affected. In 2016, 

half of the corals in the worst-hit areas died. By 2017, the toll 

had risen to nearly 70%. 

We didn't expect to see this level of destruction to the Great 
Barrier Reef for another 30 years. ~ Terry Hughes in 2017 

Unsurprisingly, the reefs in the worst shape are those off 

of the most-crowded beaches, where suntan lotion and other 

wastes deteriorate coral. Nearly 1/2 billion people in 109 

countries live close to coral reefs. 

The prospects for coral reefs are put into proper perspec-

tive by understanding that the shallow waters where reefs 

have historically thrived are now much hotter than the sur-

rounding oceanic shelves. In June 2015, El Niño led to a 2°C 

warming in the South China Sea: something not expected to 

cause significant coral damage. But, at an atoll in the north-

ern part of the sea, the water temperature soared by 6°C 

above average, killing 40% of the coral there. This spike oc-

curred because the atoll’s shallow water amplified the heat-

ing effect. Further, unusually weak winds slowed the 

diffusion of heat into surrounding water, thereby trapping 

the hot water within the atoll. 

While coral are slowly migrating to beat the heat, a 

warming ocean does not spell much opportunity for expan-
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sion. Corals are confined to shallower depths at higher lati-

tudes. A constraining factor is the amount of sunlight for suf-

ficient photosynthesis, especially during the winter months. 

As sea level rises, coral face a harder time growing toward 

the ocean surface to get the sunlight they need to survive. 

A healthy coral reef ecosystem exists in a constant tug-of-war. 
As corals build their skeletons up toward the sea surface, other 
organisms – mollusks, worms, and sponges – bore into and 
erode the skeletons to create shelters. ~ American marine biol-
ogist Thomas DeCarlo 

Bioerosion requires coral to constantly build. On the rel-

atively few healthy reefs today, calcium carbonate production 

for exoskeleton construction barely exceeds erosion loss. This 

delicate balance spells slow-growing coral reefs. The com-

bined stresses of sea-level rise, ocean acidification, and loss 

of nutrients will tip the balance against otherwise industri-

ous polyps. Coral growth rates in the Great Barrier Reef 

plummeted 40% 1975–2012. Growth has declined since. 

There's fewer coral adults because of the high rates of mor-
tality after the back-to-back bleaching in 2016 and 2017, and 
dead coral doesn't make babies. ~ Terry Hughes in 2019 

The tougher environment is just the start of the woes. 

Natural predation and man-made havoc bode ill for the fu-

ture of coral reefs. 

The crown-of-thorns starfish eats coral polyps. Prodigious 

predations from periodic population explosions of the starfish 

chewed into coral populations in the early 21st century.  

Humans indirectly inflict damage on coral reefs via ferti-

lizer runoff from farms that lead to algae blooms which block 

the light that corals need. Further, sedimentation that 

makes its way into the sea from soil erosion smothers coral. 

Elkhorn coral is named for its resemblance to elk antlers. 

It provides a valuable marine habitat and was once the Car-

ibbean Sea's most abundant reef builder. But this redwood of 

the coral forest declined 90% from 2000 to 2010, in large part 

to highly contagious white pox disease, which causes large 

lesions that kills polyps and bare the coral's white skeleton. 

The coral pathogen was a cross-species transfer from human 

excrement dumped into Caribbean waters.  
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Fishing near reefs reduces the number of herbivorous fish 

which keep the vegetation on reefs in check: another way that 

coral are deprived of sunlight and die. 

Air pollution, which is particularly thick in the coastal 

cities of India and China, also deprives coral of needed light, 

and so slows their growth.  

The indirect threats caused by humans are insult on top 

of direct injury. Despite their ecological importance, men 

wantonly destroy coral reefs; almost always for shortsighted 

commercial gain. Fishers in Central and South America and 

Africa use cyanide and dynamite to kill fish and bring them 

to the surface. These techniques decimate coral. Asian coral 

reefs face an additional destruction from reckless Chinese. 

 The Chinese in the South China Sea  

In the South China Sea, Chinese boatmen gather giant 

clams that live deep in the coral reefs; clams that can live for 

over a century and grow more than a meter wide.  

Large specimens might fetch the equivalent of thousands 

of US dollars. Besides their meat, clam shells adorn trinkets 

such as jewelry. 

The Chinese harvest clams by having ship propellers 

chew through coral reefs. Once the murk clears, divers bring 

up any exposed clams. It is a one-time operation, as the reef 

is destroyed. 

This plunder is illegal in China. Trade in giant-clam 

shells is banned by international treaties. But Chinese clam 

snatchers operate in broad daylight. 

You guys do a great job! ~ Xi Jinping to South China Sea 
pillagers in 2013 

Enforcement became lax since the Chinese started con-

testing territorial rights to waters claimed by neighboring 

countries. Seeking a stable base for runways and other in-

stallations which physically promote China's militaristic as-

sertions, dredgers suck debris off the seabed and spray it on 

reefs, smothering them. Such muck-spreading not only kills 

many kilometers2 of coral, it also obliterates any chance of 

recovery. 
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 The Americans in South Florida  

This Florida reef is as important to our country as the sequoias 
of California, and we are losing it. There are a lot of stressors 
that are impacting and killing coral reefs, but this is something 
we could easily have prevented. ~ American environmental 
scientist Rachel Silverstein 

South Florida has the only coral reef in the continental 

United States. 93% of it has been lost by human negligence.  

The large-scale dredging of Miami’s port in the 2010s to 

accommodate larger ships carelessly killed local coral reefs 

by burying them in sediment. Then the US Army Corps of 

Engineers lied about what it had done – your tax dollars at 

work. 

I am proud to say that Port Miami is ready for the big-ship era. 

~ Port Miami CEO Juan Kuryla 

 

Evolution can buffer populations from environmental 

change, or it can accelerate species decline. For corals specif-

ically, adaptability is complicated by symbiosis. 

The weak link among the coral mutualists is the algal 

symbiont, which suffers greater mortality from thermal 

stress than does the host. The generation times of corals are 

orders of magnitude greater than those of algae, so symbionts 

may show faster adaptations to changing conditions. 

As with many other species, acclimation is like to be over-

run by the accelerating rate of climate change, especially 

ocean warming, but compounded in severity by increasing 

acidity from greenhouse gas absorption and human activities 

which directly contribute to coral decline. 

Current trends indicate that coral reefs, and everything 

that depends upon them, will not survive to 2060. The world's 

oceans are inexorably becoming a marine desert, as coral 

reefs are essential to the oceanic food web.  

 Plankton  

Producing half of the oxygen in the atmosphere, phyto-

plankton are one of Earth's 2 lungs. Land plants are the other 

planetary lung. 
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Plankton live near the ocean's surface. They are sensitive 

to environmental changes and are seriously stressed 

throughout much of the world. 

Plankton cannot swim, but they can somewhat position 

themselves in response to turbulence cues. When conditions 

become unfavorable, plankton have 3 options: adapt, hitch a 

ride on ocean currents to a more hospitable place, or die out. 

All 3 processes are in overdrive.  

Smaller plankton have been able to withstand their envi-

ronment becoming more inhospitable. But larger species – 

major players in oxygen generation and as fish food – cannot 

cope. Unable to take the warmth and greater acidity, many 

critical phytoplankton in the North Atlantic have been de-

clining for decades. 

Meanwhile, billions of plankton are on the move: surfing 

the waves for a better habitat. They are heading poleward, to 

cooler waters. Several key species have been traveling at 99 

kilometers per decade, aiming for a better life for their off-

spring. 

Other plankton are simply dying out, including ones that 

fisheries crucially depend upon. From 1950 to 2010, the 

planet's phytoplankton population dropped 40%. The out-

come has been over a 2% drop in oceanic oxygen levels; a 

trend that shows no sign of reversing.  

As the base of the oceans' food web, plankton decline has 

also irredeemably reduced the seas' baseline fecundity; an ef-

fect partly masked by overfishing. 

Phytoplankton is the fuel on which marine ecosystems run. A 
decline of phytoplankton affects everything up the food chain, 
including humans. ~ Canadian marine biologist Daniel Boyce 

 

Humans have profoundly decreased the abundance of both 
large (e.g., whales) and small (e.g., anchovies) marine fauna. 
Such declines can generate waves of ecological change that 
travel both up and down marine food webs and can alter ocean 
ecosystem functioning. ~ American marine biologist Douglas 
McCauley et al 

The oceans are already undergoing an irreversible mass 

extinction. It is quite an accomplishment for humanity. 
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Fundamentally, we're a terrestrial predator. It's hard for an 
ape to drive something in the ocean extinct. ~ Douglas 
McCauley 

Flagrant fouling and overfishing have not been enough. 

Thanks to advances in marine technology, seabeds are being 

mined for their minerals. It is a unique opportunity to de-

stroy unknown ecosystems and pollute the deep oceans. 

 The Deep Ocean  

An abyssal 11 km deep, the Mariana Trench is the deep-

est crevice in the world's oceans. At 10 km, the 2nd-deepest 

ocean gash is the Kermadec Trench. Both are at the seams of 

subducting tectonic plates in the 

Pacific Ocean. 

We still think of the deep ocean 
as being this remote and pristine 
realm, safe from human impact, but 
this could not be further from the 
truth. We found extraordinary levels 
of pollutants there. It really brings 
home the long-term, devastating im-
pact that mankind is having on the 
planet. ~ English marine ecologist 
Alan Jamieson 

In 2016, persistent organic pollutants from products man-

ufactured from the 1930s until banned in the 1970s were 

found in the tissues of crustaceans living in these trenches. 

The pollutants made their way into the deep from contami-

nated debris and dead animals sinking into the abyss. 

The trenches are many miles away from any industrial source 
and suggests that the delivery of these pollutants occurs over 
long distances despite regulation since the 1970s. ~ Australian 
marine ecologist Katherine Dafforn 

 

The deep sea encompasses the largest ecosystems on Earth. 
We need to wake up and start really realising that we are having 
a huge effect. ~ English marine ecologist Andrew Sweetman 

Mariana 

Trench 

Kermadec 

Trench 
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Pollution is taking its toll on deep sea life. The creatures 

that live there are also being pummeled by climate change, 

notably ocean warming, anoxia, and acidification.  

By 2100, bathyal depths (200–3,000 meters) are likely to 

be 4 ºC warmer. Abyssal depth (3,000–6,000) could warm by 

1 ºC. The warming will lower oxygen concentrations, with 

bathyal oxygen levels falling up to 3.7%. Even small changes 

can invoke significant impacts, disrupting fragile ecosystems 

that live on the fringes of anoxic regions. 

Most of the animals living on the deep sea floor have adapted 
strategies for living under constant environmental conditions, 
where the oxygen doesn't change over hundreds of years, the 
temperature doesn't change over hundreds to thousands of 
years. ~ Andrew Sweetman 

Rising CO2 spells acidification that will prove disastrous 

for sea life with shells. Fish and other creatures will also be 

affected. 

Organic matter in the deep ocean is also expected to drop 

dramatically, reducing a food supply that is already scarce. 

Food on the deep-ocean floor could fall by 55% or more by 

2100, starving the animals and microbes there.  

The dynamic is made more dire by deep-sea mining and 

drilling for fossil fuels. Many of the spots targeted for re-

source extraction lie in areas most impacted by climate 

change. 

The rate of change is so dramatic that we run the risk of se-
verely disrupting the deep ocean – which covers most of the 
planet's surface. ~ Andrew Sweetman 

 Freshwater  

Water is the foundation for our economies, communities, 
ecosystems, and quality of life. ~ American politician Kate 
Brown 

Earth is a watery world. There is a tremendous reservoir 

of water deep underground: 25 times what is on the crust.  

70% of the Earth's surface is covered with water. 97% of 

it is salty.  

Of total freshwater, over 68% is frozen: locked up in glac-

iers and ice caps (at least for the time being). The other 32% 
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is usable. That constitutes 1,250 km3: about 1/10,000th of 1% 

of total water on Earth. 

 So, for such a watery world, the freshwater that plants 

and animals require is a tiny fraction of planet's water; and 

that supply is essentially fixed. Freshwater is indeed a pre-

cious resource. 

Globally, rivers are the source of most of the fresh water 

used. Groundwater provides 20% of water needs and half of 

the world's drinking water. In arid countries, such as in the 

Middle East and north Africa, aquifers supply nearly 100%.  

Much of this groundwater is shared by 2 or more coun-

tries. This makes water management more difficult, and con-

flict over water rights easier. 

Disputes over water are nothing new. The Sumerian cit-

ies of Lagsh and Umma fought a 150-year-long war over con-

trol of irrigation water ~2500 BCE. 

Humans once settled where water was plentiful. Eco-

nomic development shifted populations to places less well-en-

dowed with water. Developed economies use and waste more 

water: crops, cattle, power plants, and factories prodigiously 

pound water down. 

Electricity production runs on water. Nearly half of the 

water withdrawals in industrialized countries are just for 

cooling power plants. During the 2008 drought in the south-

eastern US, some power plants were within days of shutting 

down because of limited water supplies. 

An atomic reactor consumes 2,650 liters of water per meg-

awatt hour. A coal-fired plant takes 1,900. Generating elec-

tricity via natural gas requires 750 liters/MW-hour.  

So-called 'renewable' energy production is not necessarily 

an improvement in water consumption. A hydroelectric gen-

erator goes through 15,000–68,000 liters/MW-hour; a concen-

trating solar power plant takes 3,000 liters/MW-hour. Though 

they have other drawbacks, photovoltaic and wind farms use 

virtually no water to operate. 

Over the past 100 years, human water demand increased al-
most 8-fold, due to the quadrupling of the global population, 
increases in per capita food demands, and rising standards of 
living. ~ Dutch Earth scientist Ted Veldkamp et al 
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Almost all of the freshwater bodies around the world have 

been fouled. A 2018 study by the European Environment 

Agency found that over 60% of European surface waters were 

badly polluted, despite better protective laws and regulations 

than the rest of the world. Mercury and other toxic industrial 

chemical contamination are common, along with pesticide 

pollution and inadequate waste treatment.  

65% of the world's rivers are ladled with antibiotics; 16% 

of them at levels dangerous to humans. In Africa and Asia, 

where sewage and waste are blithely dumped into rivers, are 

the worst. Europe’s 2nd-largest river, the Danube, is that 

continent's most polluted. Even the Thames, generally re-

garded as one of Europe's cleanest rivers, is grossly contami-

nated with antibiotics. 

35–45% of water consumption goes to food production in 

industrialized nations. 80% of this is for irrigation. In Africa 

and Asia, 85–90% of water extraction is for agriculture. 

Global electricity demand from industry in the 1st half of 

the 21st century is expected to increase 400%, but there is 

not going to be enough water to meet that demand. 

When the well is dry, we learn the worth of water. ~ Benja-
min Franklin 

Climate change is drying parts of the planet out while 

dousing other regions. This alone will cause water shortages: 

19 of the 29 largest cities in the world depend on locally gen-

erated rainfall, via evaporation from surrounding areas, for 

over 1/3rd of their water supplies. Dependence on rain rises 

with drier weather, when it does not rain. 

Many megacities are not able to buffer themselves from fluc-
tuations in climate and seasonal weather patterns, such as Lagos 
in Nigeria, or Rio de Janeiro in Brazil. ~ American ecologist 
Patrick Keys 

People in developed countries use 10 times more water at 

home every day than those in developing countries. Half of 

the water used is for showering or bathing. 30% goes to wash-

ing clothes. Only 0.07% is consumed as drinking water. 

As all other natural resources, people are wasteful with 

the freshwater available. The abundance of Nature has long 

been taken for granted. 
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Clean water is no longer a free gift of Nature. It is a shared 
resource that can be preserved only through judicious invest-
ments and active engagement. ~ American hydrologist David 
Soll 

One of the greatest failures of mankind has been an idi-

otic belief in the price mechanism, which, for natural re-

sources, is based upon extraction cost, with no regard for 

sustainability. Owing to its easy accessibility, underpricing 

water has engendered its egregious waste. 

750 million people do not have access to safe drinking water. 
Roughly 80% of wastewater is discharged untreated into 
oceans, rivers, and lakes. Nearly 2 million children under the 
age of 5 die every year for want of clean water and decent san-
itation. 1 billion people in 22 countries still defecate in the 

open. 2 1/2 billion people do not have adequate sewage dis-
posal. ~ Swedish diplomat Jan Eliasson in 2015 

1980–2016, the top 10% of the most stressed river basins 

supplied water for ~19% of the global population, 19% of the 

water used for electricity generation, and 35% of irrigated 

food production. At present, over 2/3rds of the world popula-

tion struggle with severe water shortages; nearly half live in 

India and China.  

Around the world, usable freshwater is dwindling. Non-

renewed freshwater extraction doubled 1960–2010. Most 

went to irrigation. 

 Irrigation  

All early agriculture depended upon adequate rainfall. 

Man's inevitable next step was to free himself from the va-

garies of the weather by developing systems of irrigation. 

By 5500 BCE, Sumerian farmers were diverting floodwa-

ters from the Euphrates and Tigris rivers onto their fields. 

Some irrigation canals extended 5 kilometers from the river.  

By 4300 BCE, the rice first found growing in the swamps 

of southern China was planted on leveled banks with mud 

borders to keep water from draining away. Such paddies be-

came a staple regime for growing rice throughout East Asia. 
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Around the world, every civilization developed, and has 

since depended upon, irrigation systems to sustain their ag-

riculture. Farmers at least have always appreciated water as 

a precious resource, however inefficiently they may have 

used the water they secured. 

The intensification of food production in the last 2 centu-

ries was achieved by a massive increase in irrigation. In 

1800, there were 8 million hectares under irrigation across 

the world. In the 19th century, irrigated land quintupled to 

40 million hectares. A 7-fold increase occurred during the 

20th century, to 275 million hectares. Overall, growth in irri-

gated land from 1800 to 2000 was 34-fold.  

70% of the world's available freshwater is diverted to ir-

rigation-intensive agriculture (with nearly all the rest con-

sumed by industry). Over 15% of the world's arable land is 

now irrigated, with the highest proportion in Asia. Irrigation 

allows crops to be grown in places where they could otherwise 

not be supported, and commonly in places where the water 

withdrawal is unsustainable. 

Nearly 40% of the world's food supply is produced using 
highly wasteful irrigation systems that are depleting nonrenew-
able groundwater. ~ American ecologist Mark Briscoe 

In south Asia, only 1/3rd of the rice-growing region is not 

irrigated, yet it yields nearly 2/3rds of the harvest. The lands 

irrigated are marginal. 

Irrigation can badly degrade soil and lead to waterlogging 

and salinization, as the ancient societies in Sumer discovered 

over 4,000 years ago. These effects despoil half the irrigated 

land in the Middle East, 25% of the irrigated fields in the US, 

and 80% of the irrigated area in northern India (Punjab). 

Punjab had normal rainfall in the mid-2010s, but groundwa-

ter extraction for irrigation resulted in a rapid decline in wa-

ter availability. 

Throughout history, most extracted water has been for ir-

rigation. Wasteful inefficiency has been a constant problem. 

In India and China, 2/3rds of irrigation water evaporates or 

seeps from irrigation canals; in the US, half the water is lost. 
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 The Great Lakes  

The Great Lakes of North America is the largest group of 

freshwater lakes on Earth, covering 244,106 km2. The 5 lakes 

began to form at the end of the last glacial 

period, 14 thousand years ago, as retreating 

ice sheets filled basins with meltwater. The 

basins had originally been carved by glaci-

ers when the ice age began. 

The Great Lakes played a central role in the industriali-

zation of the continent, via 2 massive engineering projects 

with 2 main goals: open up the North American interior to 

shipping and dispose of sewage. The Great Lakes were des-

tined to facilitate transport and act as a toilet. 

Industrious men sought to connect the lakes with each 

other, nearby rivers, and with the Atlantic Ocean: the sort of 

unnatural act that ambitiously defines industrialization.  

The first canal was completed in 1781. Proposals in the 

last decade of the 19th century to connect the lakes with the 

Atlantic Ocean came to fruition in 1959, with the Saint Law-

rence Seaway. 

The greatest engineering feat of our time. ~ American broad-
cast journalist Walter Cronkite in 1957, on the impending com-
pletion of the Saint Lawrence Seaway 

As seagoing vessels penetrated the Great Lakes, they 

brought with them all manner of alien stowaways, some of 

which surprisingly quickly managed to upend the local food 

web and overtake the natives. Failure of anticipation yielded 

to attempted restoration, Humpty-Dumpty style. 

The Mississippi River drainage basin covers ~40% of the 

continental United States. A watery expanse roughly the size 

of India flows downhill into the mighty river, which washes 

out into the Gulf of Mexico. Connecting the Great Lakes to 

the Mississippi River with shipways was the best way to 

spread the environmental damage. Men took to it enthusias-

tically. 

The Great Lakes are just a beachhead for species invasions 
that are going to play out across the country in the next century. 
It's just the start. ~ American limnologist and ecologist Jake 
Vander Zanden in 1990 
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Thanks to capitalist lust for shipping as cheap transport, 

pesky plants and adventurous animals discovered new lands 

and took over ecosystems in a manner mordantly matched by 

man in disruptive force. America's great drainage basin has 

become an expanse of opportunity for unintended immi-

grants. The industrialization of American waterways has 

been another success story of globalization for all life. 

 

The introduction of alien organisms via the industrializa-

tion of the Great Lakes is merely a recent chapter in a saga 

that has been ongoing since man found favor with commerce. 

The Age of Discovery was driven by trade that was often 

of living plants and animals. Also along were all kinds of 

other life. The earthworms that traveled with the English 

settlers to Jamestown played havoc with their newfound 

American soil, affecting the forests and the crops that the na-

tives grew. 

 Mine Tailings Storage  

There are over 30,000 large-scale mines in the world, 

providing industrialized nations with their minerals and 

metals. China alone has over 12,000 mines. Mines manufac-

ture massive ecological devastation. 

The tremendous amounts of waste rock, sand, and chem-

icals from mines are termed tailings. Tailings are 'perma-

nently' stored behind dams built near the mine. All tailings 

storage ponds seep, extensively polluting groundwater. 

The technical knowledge to build and maintain tailings 
storage facilities exist, but there has been an inadequate 
commitment to safe storage, combined with poor management.  
~ United Nations Environment Programme 

Some tailings lakes are huge. Tailings storage for the Fort 

Knox gold mine in Alaska is a valley that is home to a toxic 

lake covering 395 hectares, with 270 million tonnes of tail-

ings. 

From 1985 to 2017, there were 139 major tailings dam 

failures. 44% of them wreaked serious environmental de-

struction.  
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The Germano mine in southeast Brazil is exemplary. 

There are over 300 mineral mines in that area (the state of 

Minas Gerais), extracting gold, diamonds, manganese, and 

many other ores and gems. Industrial mining in Minas Ge-

rais dates to the 18th century. 

On the afternoon of 5 November 2015, one of the tailings 

dams at Germano mine broke, discharging 33 million cubic 

tonnes of iron ore tailings. The slurry flowed down the valley, 

inundating a nearby village, killing 19 people. The lethal 

slurry then mixed with the 5th-largest river basin in Brazil, 

where it polluted all downstream waters. Finally, with no re-

sponse to contain it, the slurry, having traveled 650 kilome-

ters, dumped itself into the Atlantic Ocean, 17 days after its 

devastating journey began. 

The mudflow from the slurry release destroyed over 1,469 

hectares of riparian forest. All aquatic life populations were 

decimated. The contaminated soil prevents plants from grow-

ing back. 37 human population centers were severely af-

fected, including a polluted water supply which cannot be 

restored. 

The Germano tailings dam had been poorly constructed, 

inadequately maintained, and not monitored. There was no 

warning system in place in case of a spill. This is typical. 

On 25 January 2019, a tailings dam for an iron mine in 

Minas Gerais broke, unleashing a wave of sludge that killed 

over 350 people. The toll included hundreds of the company's 

own employees, many of them having lunch in the cafeteria, 

recklessly sited below. This was the 2nd such tailings tragedy 

for Vale, the iron mine owner, in 3 years. 

Tailings dams are prone to failure. Unlike water-retain-

ing dams, tailings dams incorporate inferior materials, in-

cluding tailings. Further, tailings dams are lackadaisically 

engineered. Unlike water dams, tailings dams are built in-

crementally over decades, with unaddressed problems 

passed on as personnel change. Finally, whereas a water-re-

taining damn is regarded as an asset, tailings storage is con-

sidered a cost, and so the incentive is to minimize the effort 

and materials put into it. 

The US has had the most mine tailings dam failures, fol-

lowed by China and the Philippines. 
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The consequences on the civil side and criminal side are very 

weak around the world. ~ Canadian ecologist Ugo Lapointe 

 

World water use rose 10-fold in the 20th century, with the 

bulk of the extraction in the 2nd half of the century. Most of 

this increase was attained by draining underground aquifers. 

With global warming and the demands of growing popu-

lations, water shortages can be expected throughout most the 

world within the next 20–30 years. Through pollution and 

overexploitation, a majority of people worldwide will no 

longer have access to potable water from a nearby source. 

The Middle East and northern Africa are especially 

threatened in the near-term. But other parts of the world – 

including the western US, Mexico, southern Europe, and 

Australia – face imminent shortfalls. 

The impacts of climate change will be channeled primarily 
through the water cycle, with consequences that could be large 
and uneven across the globe. Water-related climate risks cas-
cade through food, energy, urban, and environmental systems. 
Growing populations, rising incomes, and expanding cities will 
converge upon a world where the demand for water rises expo-
nentially, while supply becomes more erratic and uncertain. If 
current water management policies persist, and climate models 
prove correct, water scarcity will proliferate to regions where it 
currently does not exist and will greatly worsen in regions 
where water is already scarce. ~ Australian environmental 
economist Richard Damania et al for The World Bank 

The impact of water scarcity on economies, and cost in 

lives, will be much greater than anticipated. Otherwise, 

something other than business as usual would already be in 

the works. Instead, governments are not even bothering to 

price water as a scarce resource, let alone rationally ration 

usage. Governments around the globe are failing to husband 

one of the most precious commodities: freshwater.* 

 
* The other essential precious resource is, of course, clean air. As 

with water, governments have demonstrated their gross incom-

petence by tolerating pollution that creates insufferable air. 
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Water stress already afflicts 25% of cities worldwide. Big 

cities in the Middle East and Asia lose up to 60% of their wa-

ter supply to leaky pipes. London spills 30% of its water in 

leaks. Wooden pipes still carry some of Chicago's water. 

Poor countries, where a billion people live in slums with-

out proper sanitation, need more pipes in the first place, not 

to mention reservoirs and purification plants. There is no 

reason to think that they will get those things. 

Meeting humanity's increasing demand for freshwater and 
protecting ecosystems at the same time will be one of the most 
difficult and important challenges of this century. ~ Ethiopian 
hydrologist Mesfin Mekonnen & Dutch hydrologist Arjen 
Hoekstra 

The time is fast approaching when the inability of hu-

manity to sensibly allocate resources and control consump-

tion will create crises and conflicts without resolution besides 

death on a large scale. Water scarcity is bound to be at the 

forefront.  

Groundwater depletion the world over poses a far greater 
threat to global water security than is currently acknowledged. 
~ James Famiglietti in 2014 

 Tap Water in America  

The cheating and lax enforcement are needlessly harming 
children all over the United States. If cities cannot be trusted to 
protect little kids from lead in drinking water, what on Earth can 
they be trusted with? ~ American civil and environmental en-
gineer Marc Edwards 

China is not the only country where the water is not safe 

to drink. The United States sports an unsafe water supply. 

Pesticides, herbicides, and other industrial chemicals make 

their way in and are not filtered out. Despite the obvious 

problems, government funding for public water infrastruc-

ture has declined in the 21st century. Federal funding for 

safe water dropped 37% 2010–2014. The danger of dirty wa-

ter is especially acute with lead, the heavy metal that retards 

children and causes a host of health problems. 

Lead exposure can affect nearly every system in the body. No 
safe blood lead level in children has been identified. Because 
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lead exposure often occurs with no obvious symptoms, it fre-
quently goes unrecognized. ~ US Centers for Disease Control 
and Prevention 

In April 2014, to save an estimated $5 million, the city of 

Flint, Michigan switched its water source from Detroit's wa-

ter supply (Lake Huron) to nearly Flint River, which flowed 

with many toxic pollutants. The corrosive water caused lead 

from aging pipes to leach into the tap water supply, elevating 

lead levels in drinking water.  

Flint residents knew something was wrong with their wa-

ter, because it kept changing colors and smells. But they did 

not know how dangerous it was.  

Nothing was done about the dirty water for over a year. 

Meanwhile, the city's cost-saving measure backfired on con-

sumers: Flint residents paid top rates for tap water when it 

was most toxic. 

The fact that Flint is a poor, majority black city under emer-
gency management rather than democratic representation evi-
dently made its residents' concerns easier for authorities to 
ignore. ~ Sarah Anderson et al 

Once problems with Flint's water were identified, govern-

ment officials tried to cover up that there was any problem at 

all. 4 years after Flint government officials decided to poison 

its residents, the water remains undrinkable. 

Our children have every imaginable obstacle to leading a suc-
cessful life, and now they also have lead poisoning. ~ Ameri-
can pediatrician Mon Hanna-Attisha 

The social costs of Flint's city government approached 

$500 million: a nearly 100-fold loss compared to the hypothet-

ical benefit. 

The city's decision to switch its water supply was penny wise 
and pound foolish. ~ American public health analyst Peter 
Muennig 

Flint is far from alone in its negligence. Across the coun-

try, cities cheat on tests mandated by the EPA to ensure that 

drinking water is safe. Philadelphia, Milwaukee, Chicago, 

Boston, and Detroit are merely exemplary. There are many 

others.  
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Nationwide, lead exposure in the US costs well over $4.5 

billion every year in direct costs. The price of drinking pol-

luted water in the US is many times that, but no one has tal-

lied the toll. To American governments – federal, state, and 

local – citizens' lives are cheap. 

Lead in Rome's drinking water was a factor in the decline 

of the Roman Empire. Modern America is suffering the same 

dark dilemma. 

 Bottled Water  

The bad publicity about American tap water has been a 

boon to business. Demand for fizzy drinks has slowed as the 

public becomes aware of sugar's tax on health. Drinks com-

panies have countered by promoting bottled water. 

 Bottled water is often more hazardous than tap water, 

aside from the fact that 2/3rds of US bottled water is tap wa-

ter.* Thanks to industry lobbying, the safety regulations cov-

ering bottled water are laxer than for tap water. When 

regulators do bother to inspect 

plants, they commonly find prob-

lems. Further, single-serve bottled 

water is commonly packaged in a 

plastic which contains carcinogens 

and other toxic compounds which 

may leach into the water, especially 

when exposed to prolonged heat, 

such as during the summer. Almost 

all bottled water is rich in micro-

plastics. People who drink only bot-

tled water ingest an extra 90,000 bits of plastic annually. 

What comes around goes around. Once the water has 

been consumed, the bottle becomes trash, thereupon contrib-

uting to the plastic pollution problem. 

 

 
* When the source of bottled water is not from a municipal water 

supply, it may instead be from polluted groundwater. There are 

no effective regulations of water sourcing: the government heed-

lessly assumes that water is water. 
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Of course, humans are not the only ones affected by the 

widespread fouling of freshwater. All life suffers. 

 Last Stop  

They land at night and need to rest for several days. ~ Amer-
ican biologist Stella Capoccia on migrating geese 

Huge flocks of snow geese migrate over the Rocky Moun-

tains every year. Death traps await. 

Mining the mountains for minerals, companies create 

toxic lakes as acidic as vinegar, brimming with mineral 

wastes. One such lake lies outside Butte Montana. It has 

been there for decades, awaiting prey. 

Geese land on the lake in the evening for a stopover. In 

the morning, the lake is funereal white. 

It can't be a comfortable death. ~ Stella Capoccia 

There were tens of thousands in one night. In the morning, 
the entire 700 acres of the lake was white with geese. ~ Mark 
Thompson, manager of environmental affairs for the mining 
company that owns the lake 

 California's Central Valley  

75% of California's precipitation 

falls in the northern part of the 

state: much of it winter snow in the 

Sierra Nevada mountains. 75% of 

the water consumed is in central 

and southern California; so, the Cal-

ifornian economy relies upon an ex-

tensive system of tunnels, pipelines, 

aqueducts, and pumping stations to 

porter the water south. Without this 

transport, the Central Valley would 

be a grassland rather than one of 

the world's most productive agricultural regions, and south-

ern California would be too parched to populate. 

California's Central Valley comprises 13.7% of the state's 

land mass. Covering less than 1% of the country's cropland, 

the Central Valley grows 8% of the nation's food, worth $43.5 

billion in 2013.  

California's 

Central Valley 
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This productivity depends upon massive irrigation from 

both surface water diversions and groundwater wells. 17% of 

the irrigated land in the US is in the Central Valley. 

Almonds illustrate. Expanding California almond pro-

duction 2007–2014 consumed 9,300 hectares of Nature, most 

of it wetlands, and led to an annual 27% increase in irrigation 

demand. 

Over a half century of intensive agriculture has heavily 

contaminated the groundwater with fertilizers, pesticides, 

and animal wastes. This befoulment has been topped off by 

fracking, which irredeemably pollutes water over a wide 

area, as fracking pollution is a deep injection of chemical tox-

icity. 

7 million people live in the Central Valley (2018). There is 

no tap water there that is safe to drink.  

 California Going Dry  

California has no contingency plan for a persistent drought 
except praying for rain. ~ James Famiglietti 

California has a history of severe droughts. In the 21st 

century (to 2019), California has had 2 such dry spells: 2007–

2009 and 2012–2015. The latest drought was the state's dri-

est period in past 1,200 years.  

Every year since 2011, the state had pumped 15 km3 of 

water out of its main aquifers. As a result, the ground sunk 

30 cm a year in some places. 

We know that drought is becoming a regular occurrence. This 
is the new normal, and we'll have to learn to cope with it.  
~ California Governor Jerry Brown 

In April 2014, the Governor issued an executive order 

that reduced resident potable water use 24%. The edict did 

not apply to agriculture, which sucks down 40% of the state's 

water. Communities consume only 5% of the state's water.  

There are folks who have been conserving for decades. There 
are other communities who are using hundreds of gallons per 
capita per day. ~ Felicia Marcus, head of the California state 
water resources control board 
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By 2015, California was down to its last year of above-

groundwater reserves. Then El Niño brought storms that be-

sotted politicians more than wet the parched land. 

In May 2016, with 90% of the state still facing drought, 

mandatory water conservation was scotched in favor of let-

ting communities decide how much they wanted to gulp 

down.  

Water conditions at the end of the day are local. ~ Jeff Kight-
linger, head of southern California water management 

However local water "conditions" may be, California's wa-

ter supply is a shared, precious resource. The Golden State 

consumes 5.4 km3 of the Colorado River every year; by con-

tract, the lion's share of 7 states thirsting for the river's wa-

ter, which is over-allocated. 

The Colorado River is unable to satisfy all the demands on it, 
so it is referred to as a 'deficit' river, as if the river were some-
how at fault for its overuse. ~ American environmentalist Marc 
Reisner 

In the winter of 2016–2017, California received a deluge 

of water, granting a temporary reprieve from its prolonged 

drought. An atmospheric river poured down, creating floods 

and mudslides. By that time, the state had lost over 100 mil-

lion trees and many millions of fish to lack of rain. 

With the crisis past for the moment, California did next-

to-nothing to prepare for a water-parched future, which is 

practically guaranteed. As the Arctic loses sea ice, it will 

change air convection currents over the tropical Pacific. 

These convection changes will drive the formation of an at-

mospheric ridge in the north Pacific, drying out California. 

The recent California drought appears to be a good illustra-
tion of what the sea-ice driven precipitation decline could look 
like. ~ Serbian climatologist Ivana Cvijanovic in 2017 

While the heavy rains of late 2016 brought a respite from 

drought, they also created a conflagrant consequence: raging 

wildfires. The winter precipitation provoked vegetation 

growth. California then had one of its hottest, driest sum-

mers ever. Withered plants became combustible fuel. Fires 

raged throughout the state, though the most intense ones 
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were in southern California. The economic damage was com-

pounded by having built residences among wooded areas. 

By 2018, hot and dry conditions had returned to Califor-

nia. Water supply continued to diminish. 

 Land  
We are land animals. The resources upon which we depend 

come largely from the land. Degrading the land degrades our 
life support system. ~ American geologist Roger Hooke & 
Spanish geologist José Martín-Duque 

Like the apes from which they descended, early foraging 

hominids gathered what they could. Environmental destruc-

tion was limited. 

Learning how to handle fire a million years ago changed 

that: yielding a ready implement of warmth and kindling the 

prospect of power over Nature rather than being constantly 

at its whim. Fire was a tool which sparked confidence – for-

ever changing hominids from mere creatures of the forest and 

savanna into a relentless force of exploitation. 

Technology furthered emergent humans as an antagonis-

tic agent bent on sculpting the surface of the Earth. Confis-

cating land from Nature for livestock grazing and cultivation 

became a norm. As implements of flint gave way to metal, 

dominion over terrain grew. Deforestation accelerated. The 

Iron Age granted greater gouging of the ground, facilitating 

furrowing, mining, and masonry. Humanity dug in. Con-

struction as ecosystem destruction became a tradition of am-

bition. 

Industrialization turned human existence into a positive 

ecological terror. Machines moved with a viciousness no man 

could match. Driven by their masters, machines fed them-

selves via massive extraction of fossil fuels.  

In the last part of the last century, humans became responsi-
ble for moving more soil or rock than natural agencies. We've 
increased erosion rates in most parts of the world, but we've 
also trapped a lot of sediments, because we've dammed most of 
the world's really big rivers. ~ English geographer Tony Brown 

Human demands on natural systems are accelerating. ~ Ca-
nadian Australian South African forest scientist Oscar Venter 
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To date, 75% of the land on Earth has been scarred by 

human activity. 97% of Earth's biologically richest ecosys-

tems have been grievously damaged by humans. 

The most species-rich parts of the planet, especially the trop-

ical rainforests, have been hit hardest. ~ Bill Laurance 

Many land animals naturally roam over large tracts of 

land in seasonal migratory cycles. Until the 20th century, 

vagility – being able to move freely – was unencumbered 

throughout much of the world. Now, with most of Earth's 

land surface damaged or modified for our use, the vagility of 

other life has sorely degenerated. "Freedom" is an aspiration 

that only people may indulge. 

The expanding footprint of human activities not only is caus-
ing the loss of habitat and biodiversity but is also affecting how 
animals move through fragmented and disturbed habitats.  
~ German ecologist Marlee Tucker et al 

 Garbage  

People threw away over 3.2 million tonnes of trash in 

2016, 10 times the garbage pitched a century earlier. Without 

changes, rubbish will more than triple by 2100.  

The United States, China, Brazil, Japan, and Germany 

are the leading garbage generators. In the US, Nevada has 

the most trash per person, followed by Pennsylvania, Colo-

rado, California, Illinois, Indiana, and Ohio. The states with 

the least waste per person are Idaho, North Dakota, and Con-

necticut. 

The more urbanized and industrialized a country be-

comes, the more waste it produces. Over half of the world's 

population does not have access to regular trash collection. 

In North America and Europe, trash becomes invisible once 

it is disposed of. In other parts of the world, garbage is more 

obvious, as it piles up in waste dumps, sometimes in the mid-

dle of cities, as it did in medieval Europe. 

Currently, 37% of solid wastes is put into landfills, 33% 

into open dumps, and 11% is incinerated. Globally, only 13% 

of solid waste is recycled. 
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Whereas 67% of aluminum cans are recycled in the US, 

only 10% of American plastic makes it to a recycling facility, 

where over half of that is thrown away. In recycling, the US 

lags well behind more fastidious countries, such as Germany, 

South Korea, and Taipei. The US mostly "recycles" its trash 

to other countries, adding to their garbage problem. 

The international recycling business sees its business as a way 
of making money. There have been no global regulations – just 
a dirty market that allows companies to take advantage of a 
world without rules. ~ American international business profes-
sor Andrew Spicer 

Dumps are a problem because they generate copious 

amounts of methane, as microbes consume what they can. 

Burning trash outdoors is harmful for human health and de-

grades the environment. Europe incinerates more and dumps 

less. While some European incinerators are relatively clean, 

most are hazardous pollution sources. 

Tokyo has 48 garbage incinerators in the metropolitan 

area which also convert garbage into energy. The city claims 

their incinerators are not hazardous to public health because 

they burn mostly organic material and use advanced filtra-

tion systems. Tokyoites separate their waste into categories 

– such as burnable, non-burnable, cans and bottles, and over-

sized items – which are collected on different days. The larg-

est of Tokyo's 12 landfills are on reclaimed land in Tokyo Bay, 

and are expected to last until mid-century. Dumps in less fas-

tidious countries are already overflowing. 
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Nobody listens to us. We die like insects. ~ Indian small 

business owner Mohammed Ismail 

India's largest cities are circled by reeking, toxic moun-

tains of garbage. In 2017, the Indian Supreme Court ob-

served that air traffic control at New Delhi's international 

airport would end up steering planes around the dumps. 

If this continues to happen, the city will drown in its waste. 

~ Indian urban environmental ecologist Singh Sambyal 

Advanced economies comprise 16% of the world's popula-

tion but produce 34% of its rubbish. The developing world is 

fast catching up in throwing things away. On current trends, 

mid-century Europeans and North Americans will generate 

25% more garbage, East Asian trash will grow by 50%, while 

rubbish will double in south Asia and sub-Saharan Africa. 

Worldwide, the trash toll will jump 70% from 2016 to 2050 if 

today's practices continue.  

Indonesia's garbage practices are typical of developing 

countries, including much of Africa. Indonesia has some of 

the biggest open garbage dumps in the world, where thou-

sands toil at a dangerous occupation: scavenging on moun-

tains of trash. Indonesia does not have industrial 

incinerators, so garbage easily accumulates and spreads. In-

donesia is the largest source of plastic that is dumped into 

the oceans. 

 Space Junk  

Being able to fling objects into the heavens gave humans 

another outpost of refuse. The legacy of the space age has 

been to turn Earth's exosphere into a rubbish tip. As with 

other accomplishments, the desecration is accelerating. 
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Orbital trash is not the only celestial mark man has 

made. Exploration of the Moon has resulted in nearly 200 

tonnes of human refuse, including 96 bags of poo and other 

bodily expulsions, various personal effects, such as the "jave-

lin" hurled by the 6th man on the Moon, and an abundance 

of technological discards. 

 Mining  
Mining is like a search-and-destroy mission. ~ American pol-

itician and environmentalist Stewart Udall 

Mining gouges the ground like no other human exploita-

tion. Great swathes of land are gashed by strip and open-pit 

mining. Whereas surface mining bares hidden toxic metals, 

underground mining brings huge volumes of noxious waste 

up from the bowels of the Earth.  

Beyond denuding forests, prehistoric man dug for flint: 

the material of choice for Stone Age weaponry. Chalk and 

other minerals followed.  

As soon as man developed metallurgy, around 40,000 

BCE, metals were excavated. Gold caught the eye early on. 

But so did silver, copper, tin, and other metals.  

In 3000 BCE, before it was known how to forge metal, 

Egyptians cherished weapons made from meteoric iron as 

"daggers from heaven." That in no way lessened the enthusi-

asm to dig daggers out of the earth. 

In line with other economic endeavors, industrialization 

took mining to a scale unimaginable mere decades earlier. 

Machines now easily do what no army of men ever could. 

Coal is commonest material mined nowadays, but every 

nonrenewable resource valued by man, from gold to clay, is 

dug out of the ground in grotesque quantities. 

 Lead  

Lead is toxic to all organisms in minute quantities, debil-

itating fundamental biochemical processes. In humans, it can 

affect every organ system. The effects on cognitive ability are 

especially profound. 
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While volcanoes spill some lead in their earth-shattering 

eruptions, humans have made lead an environmental ele-

ment as it never was before. Lead is exemplary of man's de-

pravity and idiotic carelessness. 

That lead is gravely poisonous was known to the ancients. 

Yet, until the mid-20th century, moderns imagined lead to be 

harmful only if ingested in large quantities, and its utility 

was so alluring as to overcome safety concerns. 

Lead is easy to extract from the ground. It is malleable 

and resistant to corrosion: qualities that made lead the ma-

terial of choice for everything from municipal water pipes to 

food tins to jewelry. Lead makes paints shiny and more du-

rable and brightens paint colors. So lead was added to the 

arsenal of industrialized compounds to be strewn hither and 

yon. 

The widespread addition of lead into petrol as an anti-

knock compound spewed the toxin into the air, diffusing it 

worldwide. Even the polar ice caps are now imbrued with 

lead.  

Lead's inclusion in paints and many other products care-

lessly spread it around. Lead is still used in paints and petrol 

in Africa and many other places around the world. In Paki-

stan, paints labeled "lead-free" were found to have the high-

est levels of lead. 

Despite the grievous health danger, the level of lead in 

the environment is only sporadically measured. 

Unlike some compounds, lead does not quickly leach out 

of the soil. Plants uptake and retain lead in their roots. The 

lead that does vacate the soil typically makes its way into 

groundwater. 

 

Mining destroys ecosystems by driving off animals, elim-

inating vegetation, and ruining the soil. Any freshwater near 

mined sites is invariably polluted, as is the air. On southern 

West Virginia, coal mining on 5% of the land surface polluted 

1/3rd of the region's rivers.  

Coal mining leads to widespread declines in aquatic biodi-

versity. ~ American biologist Ryan King 
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In the US, 2.4 million hectares (5.9 million acres) of nat-

ural landscape, mostly forest, was destroyed by mining be-

tween 1930 and 2000: an area equal to the state of Vermont.  

By 2004, China had strip-mined at least 3.2 million hec-

tares: an area twice the size of the capital province of Beijing, 

which is home to over 20 million people. 

Once a targeted material has been taken to the point 

where further extraction is economically undesirable given 

available technology, the spent area is abandoned. Although 

many countries require reclamation plans for mining sites, 

undoing the environmental damage of mining is impossible.  

As the contamination is thorough, land never really re-

covers from mining. At best, only ~15% of reclaimed real es-

tate can be made to resemble anything natural for over a 

century after being mined.  

Technology advances have made deep-sea mining possi-

ble. It is impossible to contain the pollution generated by sea-

floor mining. As the ocean floor is essentially unregulated, 

miners should have no problem destroying oceanic ecosys-

tems in vast areas without repercussions.  

 Fracking  

The environmental impacts of resource extraction are more 
than the sum of their parts. ~ American ecologist Morgan Tin-
gley 

Copious ancient vegetative remains lay trapped in shale: 

clastic (fragmentary) sedimentary rock formed by heat and 

pressure over millions of years; the same processes which 

manufacture the fossil fuels of intense interest to industrial 

societies. 

That the flow rates of oil and gas wells can be improved 

via high-pressure injection of fluids through wellbores was 

discovered in the 1940s. By 1965, this technology was applied 

to shale deposits. Fracking (hydraulic fracturing) was an ex-

tension on fracturing techniques applied in the 1860s to stim-

ulate shallow, hard-rock oil wells. 

The practice of fracking shale spread to sites in Canada, 

Germany, the Netherlands, and Britain in the 1970s.  
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Widening the application scope of fracking practices, 

Texas operators started horizontal fracking in the late 1970s. 

Horizontal wells are often more effective than vertical ones 

in shale, as sedimentary layers are horizontal, and so poten-

tial fuel sources are best targeted with lateral injection. 

With the massive slosh of money seeking investment ha-

vens during 1st decade of the 21st century, investors sunk 

fulsome funds into fracking, fueling a boom in the US. As the 

price mechanism never works in a timely manner, the frack-

ing bubble burst in early 2015, as oil and gas prices plum-

meted from oversupply. 

Not to be outdone in the rush to self-destruction, China 

surged pell-mell into a fracking boom in the 2010s. 

Ordinary oil and gas wells are concentrated pollution 

sites unto themselves. Soil nearby is contaminated beyond 

redemption. And wells commonly leak. This contaminates 

soil in a wider area, and poisons local groundwater and 

nearby surface water bodies.  

Fracking up-scales the environmental destruction of oil 

and gas extraction to an incredible level. Fracking is so bad 

that it makes coal look clean by comparison. 

Fracking requires massive quantities of water. Commu-

nity water-supply wells have gone dry from water extraction 

for fracking.  

Disposal of fracking return fluids remains a big challenge.  

~ American environmental scientist Robert Howarth 

The water used for fracking is heavily polluted with brine 

and toxic chemicals which cannot be cleared out. In a single 

year, over 1 billion cubic meters of toxic wastewater is gener-

ated by fracking in the US. Much of this voluminous waste is 

not contained. 

Chemicals traveled from shale gas wells more than 2 kilome-
ters in the subsurface to drinking water wells. ~ American ge-
oscientist Susan Brantley 

Widespread spillage from fracking destroys the vitality of 

the soil and water that it touches. No area where fracking 

occurs has decent drinking water. The water supplies of Ok-

lahoma and Texas are especially fouled from fracking. 
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Communities living with fracking have known for years that 
fracking pollutes drinking water. ~ American chemist Lauren 
Pagel 

The US areas fracked are those without an abundant 

freshwater supply. Fracking accelerates water shortages. 

Via intense injection pressure on sedimentary rock for-

mations, fracking consistently produces earthquakes that ex-

tend far beyond the fracking field. 

It has been recognized since the 1960s that fluid injection 
into the subsurface can trigger earthquakes. ~ American geo-
physicist Cliff Frohlich 

In 2008, before the fracking boom, there were 2 earth-

quakes in Oklahoma. In 2015, there were 890 that measured 

3.0 or higher. 

The sharp rise in Oklahoma seismicity since 2009 is due to 
wastewater injection. ~ English mathematician and physicist 
Thea Hincks et al 

Fracking has made nearby residents sick and turned nat-

ural landscapes into brownfields. Over 150,000 hectares have 

been contaminated from the 90,000 fracking sites in the US.  

You feel violated. How can they come in and do this? ~ Ve-
ronica Kronvall, American homeowner living near a fracking 
site 

Those are just the terrestrial effects. Fossil fuel wells pol-

lute the air and release voluminous potent greenhouse gases 

into the atmosphere.  

American government officials at every level have con-

sistently supported fracking. The Bush Jr. administration ex-

empted fracking from the Safe Drinking Water Act.  

Earthquakes caused by fracking are ignored by regula-

tors. Fines are levied only for the most spectacular spillages 

and pollution events. The fines themselves are always an in-

finitesimal fraction of the economic and environmental dam-

age done, and never enough to deter continuance. 

Hydraulic fracturing is being done safely under the strong en-
vironmental stewardship of state regulators and industry-best 
practices. ~ Erik Milito of the American Petroleum Institute 
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 Transport  

Motorized transport has been a hallmark outcome of in-

dustrialization. Modern life is exceedingly difficult without a 

car. The cultural and societal impacts of autos have been in-

calculable. 

In industrialized countries, at least 80% of all trips not 

made on foot are by powered vehicles. For the mass majority 

with the economic means to own a car, journeys on foot can 

be measured in meters, not miles.  

Vehicular transport employs 5% of workers globally; but 

the economic importance of transport is dwarfed by its envi-

ronmental impact. Every vehicle is an ecological assault. The 

mining of resources, industrial production, means and infra-

structure by which vehicles move, and the inevitable disposal 

of all the materials involved come at enormous environmen-

tal cost.  

Though the aforementioned are quite enough, nearly 90% 

of the environmental impact of vehicles is due to their fuel 

consumption and emissions. Unlike industrial factories on 

the outskirts, tailpipes are at street level, pumping noxious 

fumes where people are trying to breathe clean air. 

There were over 1.2 billion vehicles on the world's roads 

in 2015. It is a burgeoning parade of motorized metal and 

plastic, rolling on endless ribbons of asphalt and concrete; an 

armada that will top 2 billion by 2035. 

20% of US territory is directly affected by public roads. 

70% of these roads are rural, which are nothing more than 

an environmentally destructive extravagance.  

The picture is similar across much of the world. There are 

over 64 million kilometers of roads worldwide.  

Motor vehicles degrade the environment on every front: 

in the air, fresh water, and on the seas (fuel extraction and 

transport), noise, soil quality, biodiversity, and the taking of 

land on a massive scale.  

Roads and railways fragment ecosystems, a key element of 
habitat destruction and a principal cause of loss of biodiversity, 
and runoff from them carries pollutants. The land area ecologi-
cally impacted by roads may be tens to hundreds of meters 
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wider than the area physically disturbed. ~ Roger Hooke & José 
Martín-Duque 

Roads initiate environmental effects that radiate outwards.  
~ American ecologist Nick Haddad 

Road salt illustrates the ongoing externality of roads. At 

least 18 million tonnes of salt is poured on American roads 

annually to ward off slippery ice.* The inevitable runoff has 

sorely salted nearly half of the freshwater lakes in the US. 

You can't filter out these salts. ~ American biochemist Sujay 

Kaushal 

It is alarming. Right now, it's about ecosystems and biota. 
Ultimately, we're looking at a human health issue. ~ American 
conservation biologist James Gibbs 

~1.25 million people are killed each year in traffic world-

wide. 75% are men. 50 million are injured. 

Motor vehicles are the leading cause of accidental death, 

and the number 1 killer of young adults. Nearly half of all 

traffic deaths are of someone not in a car: pedestrians and 

unfortunates on 2-wheeled vehicles.  

Low-income countries have the highest death toll. Africa 

sports the most dangerous roads: 2.5 times as deadly as Eu-

ropean thoroughfares. 

 

85% of ice-free terrain on Earth can no longer be consid-

ered wild. 1/3rd of the land's potential biological production 

has been appropriated by people. 

Thanks to plants, the terrestrial biosphere was once a 

considerable sink for greenhouse gases. Then humans arose, 

and terrain became a source of global warming. Too little 

land, too much man. 

Anthropogenic activities such as land use, agriculture, and 
waste management have altered terrestrial biogenic greenhouse 
gas fluxes, and the results contribute to climate change. ~ Chi-
nese ecosystem ecologist Hanqin Tian et al 

 
* Governments do not regulate, or even track, the use of road salt. 
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 Peatlands  

Peat forms when plant matter does not fully decay, due 

to acidic and anaerobic soil conditions. Peat is the most wide-

spread marshland biome, comprising ~60% of the world's 

wetland, which covers ~4% of the planet's landmass.  

7% of all peatlands have been exploited for forestry and 

cultivation. This often dries the peat out. 

Peatlands can be damaged through a range of land manage-
ment practices such as draining, burning, overgrazing, pollu-
tion, afforestation, extraction, establishment of windfarms and 
access paths. ~ ecologists Katrina Marsden & Susanna Ebmeier 

Peat is flammable when dry. Peat fires smolder and are 

difficult to extinguish. 

The most typical scenario for peat fires is when a fast flaming 
wildfire sweeps over a region, burning the surface vegetation 
and igniting the peat if it is dry enough. The peat then smolders 
for a much longer time. ~ Spanish fire scientist Guillermo Rein  

A heat wave ignited a huge peat fire in Central Russia 

during the summer of 2010. The heat and smog killed 56,000. 

In 2015, slash-and-burn agriculture sparked massive 

peat fires throughout Indonesia, sending thick smoke and 

haze as far as Thailand, and killing 100,000. 

Peatlands hold 1/3rd of the world's soil carbon. The stored 

carbon goes up in smoke when peat burns. 

As the world warms and dries, and humans continue 

their exploitation of bog lands, peat fires will hasten hotting 

the planet. 

 Forests  

All arts and artisans must fail and cease if there were no tim-
ber and wood. ~ John Evelyn in 1662 

Homo erectus discovering how to control fire would not 

have happened, and been for naught, had it not been for 

wood. Historians claim no Wood Age only because no such ar-

chaic artifacts remained to show wood's importance; hence, 

prehistory begins with the Stone Age. 
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Prior to the Neolithic, man lacked implements powerful 

enough to cut and carve wood, let alone fell trees. The devel-

opment of metal technology and the felling of forests went 

hand-in-hand.  

We never really left the Wood Age, as the value of lumber 

to humans has been everlasting. Wood products are used for 

fuel, construction, and as personal implements, both at hand 

and between the cheeks.  

Cold climes became habitable from the heat of wood fires. 

Inedible grains were transformed into food. Clay became pot-

tery which could store all sorts of foodstuffs. 

Farming became possible because of tools and plows built 

with wood. Wood was the fuel that afforded chemistry and 

metallurgy to develop.  

Transportation would have been unthinkable without 

wood. From the invention of the wheel, every vehicle on land 

depended upon wood, as did everything afloat that people 

traveled on. 

Waterwheels, windmills, and mineshaft supports were all 

built with wood, as were the buildings that gave rise to urban 

life. 

Deforesting is not a recent phenomenon. It is as old as the 
human occupation of the Earth. ~ American geographer Mi-
chael Williams 

Ancient writers observed that forests always recede in the 

face of civilization. Failing felling forests, all civilizations 

throughout history – from Sumer to North America 7,000 

years later – would never have emerged. Scarcities of wood 

started wars, cajoled conquests of foreign lands, and trig-

gered technological changes. 

Metallurgists on the island of Crete in the Late Bronze 

Age developed many ingenious methods of conserving energy 

as wood became dear. Eventually, acute wood shortages im-

pelled these metalworkers to separate iron from copper, 

thereby transitioning technology into the Iron Age. 

18th-century-BCE Hammurabi, the great ruler and codi-

fier of Babylonian law, saw to it that timber felling and its 

distribution were regulated, to thwart profligate use of wood. 
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Before 4000 BCE, Crete was just another island in the Ae-

gean Sea; then its rich woodlands attracted traders from 

Mesopotamia, where all the forests had been felled. Thus 

arose the Minoan civilization. 

Likewise, Macedonia was a woody backwater on the 

fringes of ancient Greek civilization until the great city-

states ran short of timber. The Peloponnesian War (431–404 

BCE) between Athens and the Sparta-led Peloponnesian 

League was fought for possession of the forests in northern 

Greece and Sicily.  

The exhausted combatants were then bested as Macedo-

nia rose to power under Philip II. Philip's son, Alexander, 

would go on to build the greatest empire in the ancient world. 

Its glory was brief. The Macedonian Empire declined as 

Rome's rose. Roman conquest of Gaul and Spain was driven 

by demand for wood. 

Having acquired sailing technology and a taste for easy 

wealth, the Vikings took to trading and marauding other 

lands. The Vikings discovered the rich forests of Iceland in 

the late 9th century. Settlers slashed 

and burned to grow hay and barley, 

and to create grazing land. They 

used the timber for building, and to 

fuel their Iron Age forges. Within 3 

centuries, the forests were gone. 

Hardship fell upon the land. To this 

day, the forests never recovered, 

even as the most modern agricul-

tural technology has been applied. 

In the 16th century, Englishmen 

lusted after the lush forests of North 

America, having cut most of their 

own trees down. Conflicts over tim-

ber rights provided part of the drive 

for American colonists to revolt 

against their British masters. Eng-

land wanted the best stands of trees 

for its navy. Americans wanted the 

freedom to fell whatever woods they 

would. 

15th-century woodcut 

of a man hauling wood 

home for cooking and 

heating. 
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Without its timber resources, America's revolt would 

have surely failed. An abundance of iron and charcoal for 

steel spelled weaponry aplenty, and all of its ships were built 

locally. 

Scarcity of timber forced the English to move to fossil 

fuels, substituting coal for wood as the principal energy 

source. This in turn inspired innovations which begat the In-

dustrial Revolution. 

 

Throughout history, ecological concerns grew the most 

heated, and were most heeded, as forests disappeared.  

Plato vividly warned fellow Athenians of the conse-

quences of deforestation. In the 2nd century BCE, Cato taught 

the Romans how to husband their diminishing wood supplies. 

No wood, no kingdom. ~ English writer Arthur Standish in 
The Commons Complaint (1611) 

The most influential text ever written on forestry – Sylva 

(1662) – was a bid by English gardener John Evelyn to save 

the few remaining forests in Stuart England. 

Just as timber fueled prosperity, deforestation has re-

peatedly meant decline. Along with other ancient civiliza-

tions, the Roman Empire was weakened as it became 

dependent upon others for food; having cleared its farmlands 

of the tree cover that had nourished the soil for ages. 

Blessed by easy access to forests and rich soil, a society de-
velops materially, and people grow confident that Nature will 
always provide for their needs. Ultimately the attempt to main-
tain high economic and population growth over time, in the 
face of dwindling resources, results in decline. ~ American en-
vironmental scientist Lester Brown 

Trees still fulfill their historic roles for the majority of the 

peoples on the planet, but the lessons of history have not been 

learned. Judicious harvesting has yet to dawn on those who 

depend most on trees for their livelihoods. This willful igno-

rance ensures future impoverishment, as well as depleting 

the single most critical resource under human control for 

fighting the global warming created by man. 
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Forests play a more important role in cooling the surface in 
almost all regions of Earth than was previously thought. ~ Chi-
nese American Earth scientist Kaiguang Zhao  

Like beavers gone rabid, humans now chew through some 

$1 trillion dollars of wood products each year. People in in-

dustrialized countries account for only ~20% of the world's 

population but consume 76% of its timber. By 2010, Ameri-

cans were using twice as much wood as they did in 1950. 

Forests are fragmented to carve out farmland, and to 

build villages, towns, and cities. Roads and dammed rivers 

fragment forests and woodlands. This fragmentation dis-

rupts the delicate balance of Nature that exists, and can cas-

cade to devastation, especially for forest creatures. 

Even minimal deforestation has had severe consequences for 
vertebrate biodiversity. We found little support for the alterna-
tive hypothesis that forest loss is most detrimental in already 
fragmented landscapes. ~ American forest ecologist Matthew 
Betts et al 

In 1986, the government of Thailand built a dam across 

the Khlong Saeng river, creating a 97-kilometer2 reservoir. 

As the reservoir rose, the river valley drowned. This trans-

formed 150 hilltops into islands, each with its own isolated 

menagerie of life. 

5 years after the flooding, the islands less than 10 hec-

tares in size had lost all their small mammals. Overall, the 

average island had only 2 mammal species. The larger is-

lands, with up to 56 hectares, had 7–12 species. 

Within 25 years, all the islands were bereft of native 

mammals. The only mammal left was the Malayan field rat: 

an invasive species that does not venture deep into large for-

ests but had colonized some of the islands. 

 

10,000 years ago, nearly half of Earth's land was covered 

by forest. Over 1/3rd of those forests have been obliterated. 

Forest fragmentation has been accelerating throughout 

the world, especially in the tropics: those regions with rela-

tively rapid economic development. This is a death knell for 

biodiversity, and for humanity.  



552 Spokes 6: The Fruits of Civilization  

Deforestation is typically not accomplished by harvesting 

timber. Instead, woodlands are burned, with the charred re-

mains cleared as needed. This is a hoary practice. Prehistoric 

hunter-foragers manipulated vegetation via fire to round up 

and slaughter game. Nowadays, vast tracts go up in flames 

as a shortcut to gaining arable land. The dirt is damaged by 

such wildfire. The loss of soil productivity from such practice 

is seldom recovered. 

 Amazon Rainforest  

Covering 5.5 million km2, the Amazon rainforest arose 

over 66 million years ago (MYA), when the Atlantic Ocean had 

widened enough to provide a warm, moist climate to the Am-

azon region. Amazonia is the world's largest river basin, and 

once had over half of the planet's rainforest. 

Humans first settled in Amazonia 11,200 years ago. As 

always, their impact on the forest was immediate. But it was 

not until the 1960s that deforestation took a severe turn, with 

slash-and-burn clearing forest for farmland. In the 1970s, 

highways opened up access to the interior of Amazonia, tak-

ing deforestation to the next level. 

The destruction in modern times of a forest that is millions of 
years old is a major event in the world's history. It is larger in 
scale than the clearing of the forests in temperate Eurasia and 
America, and it will be accomplished in a much shorter time. 
~ English ecologist Paul Richards in 1973 

Before its desecration by human assault, Amazonia gen-

erated half its rainfall by recycling the moisture brought to it 

by airmasses from the Atlantic Ocean. The Amazon is fast 

approaching a tipping point, where the region's hydrological 

cycle will fail, and no longer support a rainforest ecosystem 

at all. 

In 2015, the Amazon rainforest was 3.3 million km2; a 

40% diminishment via human intervention. Deforestation 

continues at a fierce pace. By 2050 the forest will be gone, 

reduced to wooded patches and scrub lands; and that is an 

optimistic forecast. Even by 2018 the remaining rainforest 

was grievously degrading, unable to keep up with climate 

change, especially repeated episodes of drought. 
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The forest is seen as useless land that needs to be made use-

ful. ~ Bolivian botanist Nataly Ascarrunz 

Progress demands a lot from Nature. But progress must exist. 
~ Brazilian gold miner Otavio Neves in 2019, enthused about 
further Amazonian deforestation 

The Amazon basin was long a huge carbon store, helpful 

in regulating global temperatures. No longer. Deforestation 

and development in Brazil have neutered Amazonia as a 

check on global warming.  

 

The 17,000 islands of Indonesia, totaling 1.9 million km2, 

were once lush forests; along with Amazonia, home to some 

of the greatest biodiversity on the planet. By 2016, logging 

and land clearing for farms and plantations had wiped out 

over half of the forests that once carpeted Indonesia.  

During the summer dry season, smoke from Indonesian 

fires to enlarge plantations blacken the skies throughout 

southeast Asia. The pall is a severe health hazard.  

Air pollution generically, and particles specifically, are car-
cinogens. That would also be the case with smoke from wild-
fires, from the burning of vegetative matter. ~ American 
physician Jonathan Samet 

Madagascar is a large island off the east coast of central 

Africa, nearly 600,000 km2, almost as large as Alaska. Once 

heavily forested, and with a vast array of unique life, the is-

land is under intense deforestation. The assault began 1,000 

years ago, when early settlers burned the lush forests to pro-

mote the growth of grass for cattle fodder. This practice has 

greatly accelerated in recent decades. Deforestation has not 

been decently monitored, but by 2015, Madagascar had lost 

~90% of its original forests. 

Americans gaining control over the Philippines after the 

1898 Spanish-American War illustrates the development of 

modern logging. The Americans set up a forestry bureau 

within 2 years, and commercial logging commenced in 1904. 

At the time, 80% of the virgin forests were intact. By the early 

1950s, half of the remaining forests had been destroyed. In 
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1980, 30% remained. By 2000, just 3% of the original forests 

were still intact. In 2018 only 1.5% remained. 

Today's deforestation practices in economically develop-

ing countries are simply more of the same, beginning with 

the Levant on the cusp of civilization 9,000 years ago, 

through Eurasia and the Americas from medieval times into 

the age of industrialization. The problem now is only more 

severe because of what has already been lost. 

Tropical forests and the animals they harbour are being lost 
at alarming rates. ~ English ecologist Marion Pfeifer in 2017 

China is now the top culprit of deforestation.* The country 

began restricting commercial logging in its own natural for-

ests at the turn of the century. To feed its rapacious demand 

for wood, China pays to denude the remaining forests of for-

eign lands, including Siberia (in Russia), Peru, Myanmar, 

Mozambique, Borneo, New Guinea, and the Solomon Islands. 

If the Chinese come, nothing will be left. ~ Siberian resident 
Marina Volobuyeva  

Clear-cutting accelerates the demise of remaining forest. 

The bare land of deforested areas is scorched by the Sun, cre-

ating hot spots that alter heat flow through a landscape.  

Low air pressure in cleared areas pulls the cool, moist air 

out of the forest and feeds hot, dry air back in. This vegetation 

breeze is a scorching breath of death. 

The cleared areas get all the rain and the forests gets sucked 
dry. This is like climate change on steroids, and it happens over 
much more rapid time scales. ~ American ecologist Kika Tuff 

8.6 million hectares of forest continue to be lost worldwide 

each year, mostly for industrial agriculture. As of 2015, over 

90% of South America's Atlantic forest, which extends along 

the Atlantic coast of Brazil, Paraguay, and Argentina, has 

been destroyed. What remains are scattered wooded patches 

averaging 60–70 hectares. Deforestation there continues. 

Fragmentation of forest ecosystems has critical and ongoing 
impacts that erode biodiversity and ecological processes.  
~ Marion Pfeifer et al 

 
* China is the world's largest importer of wood. The US is 2nd. 
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Small fragments are the future. ~ American Australian ecol-
ogist Bill Laurance 

 African Baobab  

Climate change is performing its own deforestation. The 

African baobab is the biggest and longest-living angiosperm 

tree. A baobab may live 3 millennia. A 2005–2017 survey of 

African baobabs found the trees dropping like flies. 

Such a disastrous decline is very unexpected. These trees are 
under pressure by temperature increases and drought. ~ Roma-
nian ecologist Adrian Patrut 

Having survived the climatic tribulations of the past 

2,000+ years, baobabs cannot cope with the weather now. 

 Wildfires  

Humans are adding ignitions to the landscape in areas and 
seasons when natural ignitions are sparse. ~ American geogra-
pher John Abatzoglou 

In 2015, over 1.3 million fires were reported in the United 

States, causing 3,280 deaths, 15,700 injuries, and $14.3 bil-

lion in property damage. Fewer than 5% of these were forest 

wildfires, which by far burned the most land, though resulted 

in a small fraction of the property damage compared to urban 

and suburban fires. 

68,151 wildfires in 2015 burned over 4 million hectares. 

People started 84% of them, which accounted for 44% of the 

area burned. 

(10-year rolling average) 
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Burned or dead vegetation releases carbon into the atmos-
phere, exacerbating climate change. ~ American forest ecol-
ogist and climate change scientist Patrick Gonzalez 

While the number of fires has decreased in recent dec-

ades, the trend has been toward more extensive conflagra-

tions. Human-caused climate change is responsible for 

doubling the land burned in western US wildfires during the 

last 40 years (1979–2018), where the majority of America's re-

maining forests are. 

Thanks to people, the wildfire season is almost year-round. 

~ American fire investigator Jennifer Balch 

Wildfires dramatically alter the vitality of the land. A soil 

exposed by fire may become easily erodible, so much so that 

the erosion rate may double. Otherwise, fire can cause a soil 

surface to harden, instead of gently percolating underground, 

rainwater and melting snow rush over the stiffened surface, 

gaining enough force to erode loose sediments. 

The sediment can have a wide range of effects on watersheds, 
many of which are headwater streams and important for water 
supply. ~ American geologist Joel Sankey 

Fire pollution poses an increasing threat to ecosystem produc-
tivity in a warming world. The pollutants released by wildfires 
impact plants in areas way beyond the boundaries of the disas-
ter. ~ English chemist Nadine Unger 

 Vines  

Vines can change forests in a lot of ways. They hit big, slow-
growing trees far harder than smaller, faster-growing species, 
meaning they can probably change the entire composition of 
the forest. ~ American ecologist Stefan Schnitzer 

Forests look idyllic, but the appearance of tranquility is 

belied by vegetation in constant conflict. The ancient battle 

between trees and vines is especially embittered. 

If the forest was a financial system, trees would be old 

money: their deep roots, stout wood, and slow growth repre-

sent a long-held investment. These guardians of the wood-

lands are home to a zoo of species, just as coral reefs create 

an ecosystem all their own. 
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Conversely, vines are fleeting speculators: agile and ag-

gressive competitors. Vines spend little in supportive tissue. 

Instead, they take advantage of trees' capital stock, scram-

bling up trunks to the canopy, where they produce a flush of 

leaves and brazenly bask in the beaming sunshine at the top 

of the forest. 

Climbers comprise up to half of the plant species in a typ-

ical rainforest. Vines produce 40% of the leaves. Long-

stemmed woody vines (lianas) can grow to hundreds of me-

ters long.  

Trees pay a high price for the presence of lianas: the vines 

strangle and deform tree branches. Their dense foliage de-

prives trees of sunlight. Vine roots scoff water and nutrients. 

Trees bearing vines grow more slowly, reproduce less, and die 

earlier than those without.  

Once lianas reach the canopy, they spread out, effectively 

roping trees together. If a tree falls, those nearby connected 

by vines can be dragged down. 

Light-loving vines increase rapidly in forests fragmented 

for agriculture or by selective logging. Small 2nd-growth 

trees on the edge of disturbed forests are ideal trellises for 

rapid ascent to the canopy. Trees here die 2 to 3 times more 

quickly. 

Humans have introduced invasive vine species that have 

wreaked havoc, as kudzu in the southeastern US and the rub-

ber vine in northern Australia illustrate. 

The time is ripe for vines, which are proliferating in for-

ests undisturbed. This is the result of climate change. 

Global warming and changes in weather patterns, along 

with rising atmospheric CO2, have upped the tempo of forest 

life. Faster plant growth intensifies competition, which 

drives more rapid turnover. All these factors favor vines. 

Climbers make life tough for more than trees. Plants that 

live on trees, such as ferns, are excluded with dense vinery. 

Ferns act as islands of biodiversity, sustaining numerous ar-

boreal animals. 

Vines likely contribute a positive feedback to global 

warming from CO2 release. Trees store carbon in their tis-

sues. When trees come a cropper from climbers, some of that 

carbon is released into the atmosphere. 
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 Trees Downed by Trade  

Humans have long traded commodities across continents 

with no thought of unnoticed passengers who wreak havoc in 

consequence. The fungi that caused chestnut blight and 

Dutch elm disease in North America are exemplary of a per-

ennial problem. 

The American chestnut is a magnificent tree, with ma-

ture trunks over 3 meters in diameter and crowns ascending 

to 60 meters. The chestnut was once the dominant tree in the 

Appalachian Mountains. 

Disaster came to the chestnut in 1904. A micro-fungus 

from Japanese nursery stock, imported to an American zoo-

logical garden, rapidly spread. By 1950, American chestnut 

trees were wiped out. 

In its native land of China, the same fungus benignly in-

fects chestnut trees, causing little or no damage. A few Euro-

pean chestnut trees suffer when infected. But American 

chestnuts were tragically vulnerable. 

Another, similar fungus causes Dutch elm disease. It also 

originated in Asia. Dutch elm disease was introduced into 

Europe during WW1 before making passage to the United 

States in the late 1920s. Infested elm timber was imported 

into Ohio, from where the pandemic slowly spread. Over half 

of the elms in the disease's path succumbed. 

Dutch elm disease is spread by bark beetles, who carry 

the fungus but are unaffected by it. Trees within 15 meters 

can directly catch the disease by root transmission. 

In the 1940s, a virus infected the Dutch elm disease fun-

gus in Europe, crippling the fungus' ability to cause disease. 

The spread of the fungal disease virtually came to a halt in 

Europe. As with chestnuts, Chinese elm trees have good re-

sistance to the native fungus. 

 Soil  

Fertility of the soil is the future of civilization. ~ English bot-
anist and agriculturalist Albert Howard 

The world grows 95% of its food in topsoil, making soil the 

foundation of humanity's food system. Dirt is commonly 
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taken for granted, but the quality of soil has always been a 

major determinant of what will grow and to what yield. 

pH regulates the capacity of soils to store and supply nu-

trients. Soil which is too acidic renders phosphorus insoluble, 

and thereby inaccessible. Phosphorus is essential for plant 

growth. 

Soil pH is controlled by environmental factors, especially 

the level of rainfall. There is an abrupt transition from alka-

line to acidic soil when precipitation exceeds evapotranspira-

tion: the loss of water from the soil by both evaporation and 

plant transpiration. Evapotranspiration causes most of the 

water lost from the soil during the growth of a crop. 

Climate creates a nonlinear pattern in soil solution chemistry 

at the global scale. ~ American soil ecologist Eric Slessarev 

It was long assumed that soil comprises inherently stable 

chemical compounds. Instead, organic matter which is criti-

cal to soil quality progressively decomposes. Thus, soil fertil-

ity is an active process, involving the microbes within, the 

plants that cover the ground, and the atmospheric environ-

ment, including temperature, rainfall, and air quality.  

As earth is both a sink and source of moisture in the air, 

soil quality has a direct link to the global water cycle. 

Soil may be altered rapidly in response to climate change. 
Changes in soil hydraulic properties set up feedbacks between 
climate and the land surface and thus intensify the water cycle. 
~ American Earth scientist Daniel Hirmas et al 

Soil is itself a complex and fragile ecosystem. The soil cre-

ation process is so slow that soil is a nonrenewable resource. 

Soil, once eroded or depleted, takes centuries – millennia 
even – to recover. ~ American geologist Frank Rhodes 

Plants create ecosystems that nurture and protect the soil 

upon which they depend. If these critical caretakers are dis-

turbed, soil degrades, sometimes irredeemably so. Man's ne-

glect of soil has often led to its critical vitality being lost. For 

farmers trying to lift themselves out of poverty, poor soil can 

leave them sunk in a mire of desperation. 
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Poor soil constrains agricultural production and household 
capital, and low household capital constrains investments in im-
proving soils. ~ American economists Christopher Barrett & 
Leah Bevis 

From 1975–2015, the world lost 1/3rd of its arable land 

due to pollution and erosion. This far outstrips the pace at 

which natural processes can replace degraded soil. American 

cropland topsoil is eroding 10 times faster than Nature can 

replenish it. 

The modern combination of intensive tilling, lack of cover 
crops, synthetic fertilizers and pesticide use has left farmland 
stripped of the nutrients, minerals, and microbes that support 
healthy plant life. ~ American environmental scientist Susan 
Cosier 

Soil erosion has largely occurred through the continual 

disturbance of planting and harvesting crops. Repeatedly 

turning over soil exposes it to oxygen, thereby soil releasing 

its carbon into the atmosphere. Disturbed soil fails to bind 

effectively, losing integrity. This impacts soil's ability to store 

water, neutralizing its role as a buffer to floods. Hence, soil 

loses its ability to serve as a fruitful base for plants. 

We are increasing the rate of loss and we are reducing soils 
to their bare mineral components. We are creating soils that 
aren't fit for anything except for holding a plant up. ~ English 
ecologist Duncan Cameron 

Half of global agricultural land is degraded. Of this, the 

majority is so damaged that local farmers have been unable 

to restore it.  

Our planet's soils are under threat. In some places soil is be-
ing lost 100 times faster than it forms. ~ English environmental 
engineer Steve Banwart 

Deforestation, which takes away the trees that knit land-

scapes together, is also detrimental to soil health. Degraded 

soils are vulnerable to being washed away by weather events 

from global warming. 

Pathetic soils are silting river systems. The gigantic 

brown stain where the Amazon River deposits soil into the 

Atlantic Ocean is illustrative. 
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30% of arable land is used to keep livestock rather than 

grow crops. This exclusivity runs counter to good soil man-

agement. 

We need a radical solution, which is to re-engineer our agri-
cultural system. We need to take land out of production for a 
long time to allow soil carbon to rebuild and become stable. 
We already have lots of land – it's being used for pasture by the 
meat and dairy industries. Rather than keep it separated, we 
need to bring it into rotation, so that that there is more land in 
the system and less is being used at any one time. ~ Duncan 
Cameron 

The impediment to implementing a rational solution for 

maintaining soil quality is private property, which precludes 

proper employment of land resources. The larger picture is 

the capitalist system, which atomizes decisions and hampers 

coordinated action which might otherwise optimize resource 

allocations. 

Soils comprise a dynamic reservoir of biodiversity within 
which the interactions between microbes, animals, and plants 
provide many benefits for human well-being. Living soils are 
vital to humans because soil biodiversity not only provides dis-
ease control, but also influences the quantity and quality of the 
food we eat, the air we breathe, and the water we drink.  
~ American ecologist Diana Wall et al 

 The Everglades  

There are no other Everglades in the world. The miracle of 
the light pours over the green and brown expanse of sawgrass 
and of water, shining and slow-moving below. It is a river of 
grass. ~ American environmentalist Marjory Douglas 

The lazy Kissimmee River in central Florida flows south 

into Lake Okeechobee, vast but shallow. The flow then me-

anders on, over the limestone shelf that defines the penin-

sula, through the Everglades marsh, which once covered all 

of Florida south of the Lake. The river of grass ends on the 

flats of Florida Bay. 

The Everglades ecosystem is unique: a mosaic of freshwa-

ter ponds, prairies, and forested uplands supporting a rich 

community of life. The mix of salt and freshwater makes the 
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Everglades the only place on Earth where alligators and croc-

odiles exist side by side. 

In 1905, Florida governor Napoleon Bonaparte Broward 

began a concerted effort to conquer the Everglades: draining 

it to render land suitable for agriculture and development; 

whence Miami and Fort Lauderdale sprouted up along the 

coast. 

As south Florida's population grew, so too the determina-

tion to suck the life out of the Everglades. In 1948, the federal 

government mandated a water management system that pro-

vided flood control, at the cost of irreparably damaging the 

Everglades ecosystem. Less than 2% of the Everglades was 

left intact. 99% of the alligators and crocodiles were gone. 

Belatedly recognizing the devastation wrought, a series 

of laws and projects aimed at partial correction began in 

1989. Since then, no restoration has been accomplished. Man 

cannot redeem the Nature he puts asunder. 

There are huge challenges. We've had a lot of projects for a 
lot of years, and they never get done. ~ American hydrologist 
Terry Rice 

 Extinction  

For the first time since the demise of the dinosaurs 65 million 
years ago, we face a global mass extinction. ~ English geologist 
Mike Barrett 

Several calamities have struck Earth severely enough to 

cause mass extinctions. Some involved bolides. Others were 

homegrown. At least 1 extinction event – the one that ended 

the Devonian period – started with invasive species evoking 

an organic imbalance that proved catastrophic. 

Earth is now in the grips of another such extinction event, 

engineered by a single invasive species: humans. The living 

fabric of the world is unraveling without the perpetrator car-

ing about its own extinction, let alone other species. 

Our sentimentality toward animals is a sure sign of our dis-
dain in which we hold them. ~ Jean Baudrillard 

Humans are extremely efficient in exploiting natural re-
sources. Humans have culled, and in some cases eradicated, 
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wild mammals for food or pleasure in virtually all continents.  
~ American biologist Paul Falkowski 

Even many small songbirds are at risk of imminent global ex-
tinction due to their capture for the pet trade in Southeast Asia. 
The rainforests where they live are increasingly falling silent.  
~ English ecologist Alexander Lees 

While war and terror atrocities make daily headlines, the ter-
ror being waged on wildlife slides under the radar. The annihi-
lation of wildlife by organised criminal gangs is violent, bloody, 
corrupt, and insidious. ~ English diplomat Dominic Jermey 

The illegal trafficking of wildlife is a blight on humanity. This 
trade – estimated to be worth some £17bn pounds per year – is 
big business, run by ruthless networks. ~ Gabonese President 
Ali Bongo in 2018 

The destruction of Nature and disappearance of wildlife is the 
greatest threat facing the human race. ~ English environmen-
talist Tony Juniper 

Human overpopulation and overconsumption are driving the 
devastation. ~ Paul Ehrlich 

Rapid declines in wildlife began with industrialization 

and have accelerated since. 1970–2015, animal populations 

worldwide declined 60%. As of 2015, 41% of amphibians, 26% 

of mammals, and 12% of birds faced impending extinction. 

Globally, marine species are being eliminated at twice the 
rate of land species. ~ Malin Pinsky 

 

Nothing in the cicada cry suggests they are about to die.  

~ Japanese poet Matsuo Bashō 

Insect numbers have plummeted in recent decades. As 6-

leggers are pivotal pollinators, and a food source for many 

animals, their decline is a harbinger for life on land. 

Insects are the most sensitive group of animals to climate 
change. Ecosystems cannot function without insects. They play 
an absolutely critical role in the food chain. ~ English biologi-
cal climate change scientist Rachel Warren  

Biodiversity of insects is threatened worldwide. The main 
cause is agricultural intensification. That means the elimination 
of all trees and shrubs that normally surround the fields, so there 
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are plain, bare fields that are treated with synthetic fertilisers and 
pesticide. Insect losses will have catastrophic consequences.  
~ ecologist Franciso Sánchez-Bayo 

The toll in rivers and lakes is also high. 1970–2017 the 

populations of freshwater species declined 83%. 

The debacle of death is quickening as you read this. 20% 

of all vertebrate species faced extinction in 2015, an impend-

ing toll that will rise to at least 50% 50 years hence. 

Current rates of extinction are about 1000 times the back-
ground rate of extinction. These are higher than previously esti-
mated and likely still underestimated. Future rates are poised to 
increase. ~ American ecologist Stuart Pimm et al in 2014 

An aspect of the present extinction event involves chang-

ing the composition of the atmosphere. Unlike what plants 

did to the planet, this change does no life any good – not even 

the plants. Unlike many other mass extinction events, the 

current one is taking an ominous toll on seed-bearing plants. 

Climate change often leads to local extinctions and declines 
by influencing interactions between species, such as reducing 
prey populations for predators. These shifting interactions may 
make even small climatic changes dangerous for the survival of 
plant and animal species. ~ American ecologist John Wiens 

Even the most resilient species will inevitably fall victim to 
the synergies among extinction drivers as extreme stresses drive 
ecosystems to collapse. ~ Giovanni Strona 

The depravity of humanity is shown by the extinction of 

other life so that man may live luxuriously. This springs from 

greedily taking the bounties of Nature without care of conse-

quence. 

In today's increasingly globalized economy, international 
trade chains accelerate habitat degradation far removed from 
the place of consumption. A significant number of species are 
threatened as a result of international trade along complex 
routes. Consumers in developed countries cause threats to spe-
cies through their demand of commodities that are ultimately 
produced in developing countries. ~ Australian environmen-
talist Manfred Lenzen et al 

Hydroelectric dams are an exemplary extravagance. 

Their siting is a death knell for life nearby and downstream. 
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Flooding reservoirs causes immediate loss of habitat and spe-
cies, but there is also a significant future biological cost as the 
'extinction debt' is paid. No matter where the dam is located or 
which species are present, there is sustained loss of species, 
with many in existing dams still potentially facing extinction.  
~ English ecologist Isabel Jones 

Some species are killed off because they offer a valued re-

source. The demise of others owes to their being considered 

pests. But most often, humans carelessly degrade habitats to 

the point where little else finds them fit to live in. 

The one process now going on that will take millions of years 
to correct is the loss of genetic and species diversity by the de-
struction of natural habitats. ~ American naturalist Edward O. 
Wilson in 1984 

 

Unsurprisingly, there is a direct relation between habitat 

destruction and the rapacious vitality of the extant economic 

system. The more plutocratic the regime, the greater the 

loss.* 

The number of species that are threatened or declining in-
creases substantially with income inequality. ~ Swedish envi-
ronmental economist Garry Peterson et al 

 Reindeer  

Reindeer, also known as caribou, live 

in the chilly Arctic, tundra, and boreal 

biomes of the northern hemisphere. 

There are both sedentary and migratory 

populations of this species. 

Accelerating Arctic warming has 

spelled erratic weather. Retreating sea 

ice and unseasonably warm weather 

contribute to heavy rains, which later 

freeze the snow cover for months, cut-

ting off the reindeer's lichen food supply. 

 
* The US is exemplary. The rabidly pro-business Trump admin-

istration has taken numerous measures to accelerate extinction. 
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In November 2013, 61,000 in a herd of 275,000 reindeer 

on the Yamal Peninsula in west Siberia starved to death 

when thick ice covered the land. This was a more intense re-

currence of 2006, when 20,000 caribou succumbed to starva-

tion.* 

Reindeer are used to sporadic ice cover, and adult males can 
normally smash through ice around 2 centimetres thick. But in 
2006 and 2013, the ice was several tens of centimetres thick.  
~ Finnish ecologist Bruce Forbes 

One subspecies of reindeer has already gone extinct. Car-

ibou are not going to survive the erratic weather at the top of 

the world for much longer. 

 Elephants  

Elephants love reunions. They recognize one another after 
years and years of separation and greet each other with wild, 
boisterous joy. ~ American educator Jennifer Richard Jacobson 

Elephants are highly intelli-

gent, compassionate animals. 

Their groups are matriarchal: a 

more sensible choice in leader-

ship than humanity makes. 

The tusks of elephants are 

prized for their ivory: a sub-

stance esteemed since antiquity 

by many human cultures. Elephants were eliminated in 

Syria and North Africa for ivory in ancient times. That de-

mand continues to drive elephants toward extinction. 

Elephants that survive a slaughter are psychologically 

scarred for the rest of their lives. Survivors do their best to 

regroup, often joining with others, so as to have social sup-

port. The loss of experienced leadership is sorely missed by 

elephants. 

 
* These are just the documented incidents, after extensive research. 

Most loss of Nature goes unnoted. 
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 Population  

At the turn of the 20th century, the world elephant popu-

lation was 1.4 million, and fairly stable. Their numbers 

started to drop around World War 1. The decline accelerated 

steadily until the 1980s, when the combined effects of auto-

matic weapons, ivory poaching, and human habitat encroach-

ment wiped out half of the remaining elephants.  

The Asian elephant population was 200,000 in 1900. 

Fewer than 40,000 were alive as of 2009. Indian farmers, who 

decimate the elephants' forests, consider pachyderms an 

oversized pest. The feeling is mutual. 

African elephants, which have long had higher population 

numbers than their Asian cousins, will soon be gone from the 

wild: reduced to miserable numbers living in zoos.  

 

Forest elephants are integral to a functioning forest in Africa, 
opening up the forest floor and acting as a vital part of the life 
cycle of many plant species through their role as seed dispers-
ers. Certain tree species decline as a result of the local extinction 
of forest elephants. ~ English zoologist Bethan Morgan 

 Blood Ivory  

In January 2012, a hundred raiders on horseback charged 

into an African national park and slaughtered hundreds of 

elephants: entire families, including females and the infants 

they strove to protect. Then some killers paused to pray to 

Allāh. 

They were good shots, very good shots. They even shot the 
babies. Why? It was like they came here to destroy everything. 
~ Congolese park ranger Paul Onyango 

Tens of thousands of elephants are killed each year in Af-

rica. The prize comes in male tusks, but the carnage is not 

constrained: whole herds are indiscriminately wiped out. 

The customers for blood ivory are the religious and super-

stitious in the far East. Though almost all international ivory 

trade is legally banned, many tonnes are smuggled from Af-

rica to east Asia each year.  
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In the Philippines, devout Catholics treasure their reli-

gious icons carved from ivory. One Filipino ivory collector re-

marked: "I don't see the elephant. I see the Lord." Pope John 

Paul II blessed an ivory artifact from the country's largest 

archdiocese. 

Asian elephant ivory mixes with African in Thailand. 

Many Thai wear amulets to keep them safe and ward off 

black magic. One Thai Buddhist monk advises that "ivory re-

moves bad spirits." 

China is the largest consumer of ivory. There too, Bud-

dhist monks bless ivory icons, as ivory honors God. "When 

elephants die, they want to leave something behind as a good 

deed to have a good next life," observes one Chinese ivory 

carver. 

The international authorities charged with stamping out 

illegal ivory smuggling are as inept as ivory consumers are 

covetous. For its part, the Chinese government expels those 

trying to police the ivory trade. 

China is the epicenter. Without the demand from China, this 
would all but dry up. ~ American diplomat Robert Hormats 

 Prairie Dogs  

Prairie dogs are herbivorous, burrow-

ing rodents native to the grasslands of 

North America. These gregarious crea-

tures live in family-oriented communities 

(towns) that may have 1,000 residents. 

In the 17th century, prairie dogs in-

habited 15% of the Great Plains. A single 

colony might have occupied 2 million hec-

tares. Prairie dogs now live in 1% of their former range. Few 

prairie dog towns are left. 

Prairie dogs are emblematic of habitat decline throughout 

the world. In this instance, the Great Plains grassland eco-

system is imperiled. Nearly 800 known animal species face 

extinction there. The black-footed ferret, which preys on prai-

rie dogs, is a goner. Soon to follow are other predator species 

that rely upon prairie dogs: hawks, eagles, owls, plovers, and 

foxes. 
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The primary problem for prairie dogs is that they prefer 

to live in places that are flat: perfect for residential subdivi-

sions and shopping centers. When people move in, they ex-

terminate prairie dogs as a pest. 

 King Penguins  

King penguins are the 2nd-largest pen-

guin, behind emperor penguins. King pen-

guins mainly eat small fish. 

King penguins occupy Southern Ocean 

islands en masse during mating season. One 

island colony hosted over 1/2 million breed-

ing pairs in 1988. In 35 years, that king pen-

guin colony population plummeted 88%. 

Nearly 1/3rd of the world's king penguins 

disappeared in the collapse, which contin-

ues. Researchers do not know why king pen-

guins are disappearing. 

 Orangutans  

Orangutans are a highly intelligent pri-

mate. They use tools and their populations 

have their own cultures. Orangutans are the 

most arboreal of the apes, and the largest 

tree-dwelling mammal. 

An orangutan has a natural life span of 

30 years. Few get to die of old age nowadays. 

Orangutans were once native to several islands in Indo-

nesia and Malaysia. Their numbers greatly diminished, the 

few thousand that remain are in the rainforests of Borneo 

and Sumatra. 

Deforestation has greatly confined where orangutans 

may live. That problem has been compounded by orangutans 

being hunted and killed by humans in large numbers. 

Orangutans are murdered for their meat, to protect crops, or 

for traditional medicines. Orangutan bones are furtively 

traded in Indonesian souvenir shops. 

Even an occasional killing would be enough to wipe out a 

population, as the orangutan reproductive cycle is around 7 
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years. Orangutans are expected to be extinct by the early 

2020s. 

 

Extinctions are altering key processes important to the 
productivity and sustainability of Earth’s ecosystems. Further 
species loss will accelerate change in ecosystem processes.  
~ David Hooper et al 

Ecosystems are subject to self-organized criticality. As 

King penguins illustrate, population collapse can come sud-

denly. 

Loss of certain life forms could substantially alter the structure 
and functioning of whole ecosystems. ~ American ecologist 
Bradley Cardinale et al 

Closer to a tipping point an ecosystem becomes less resilient. 
~ Chinese American biological physicist Lei Dai et al 

Localized ecological systems are known to shift abruptly and 
irreversibly from one state to another when they are forced 
across critical thresholds. The global ecosystem as a whole can 
react in the same way and is approaching a planetary-scale crit-
ical transition as a result of human influence. ~ American pale-
ontologist Anthony Barnosky et al 

Animals fail to reproduce when their numbers thin be-

yond a certain threshold. As many plants rely upon animals 

for pollination and seed dispersal, the fates of all are inter-

linked. 

Future loss of species has the potential to reduce plant pro-
duction just as much as global warming and pollution. ~ Amer-
ican biologist David Harper 

Owing to intricate interdependence, the demise of any 

one species can have severe domino effects. 

Several scales of biodiversity affect ecosystem multifunction-

ality. ~ American environmental biologist Jae Pasari et al 

 

The living fabric of the world is slipping through our fingers 
without our showing much sign of caring. ~ Pontifical Acad-
emy of Sciences 
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As of 2015, 5% of the world's species have gone extinct 

under modern man's political-economic regime. By 2060 the 

tally will have risen to at least 50%. 

Loss of biological diversity due to species extinction is going 

to have major impacts on our planet. ~ Bradley Cardinale 

Some have optimistically (and idiotically) tried to mini-

mize the ongoing extinctions, noting that planetary biodiver-

sity has actually increased in the modern era, thanks to 

imported species from one locale to another, and rapid speci-

ation from climate change. This is biodiversity as bean count-

ing and ignores that mass extinction events typically occur 

over many thousands, even millions, of years. Compara-

tively, the pace of extinction now is mercurial, its toll guar-

anteed to be both inexorable and extensive. A major mass 

extinction event is well under way. 

 Protection  

In an era of massive biodiversity loss, the greatest conserva-
tion success story has been the growth of protected land glob-
ally. Protected areas are the primary defense against biodiversity 
loss, but extensive human activity within their boundaries un-
dermines this. ~ Australian environmental scientist Kendall 
Jones et al 

A critical step at this late date is to limit the slaughter 

and let Nature be. Doing so has proven problematic.  

As of 2018, 1/3rd of the world's Nature preserves have 

been severely degraded by human incursion. Over 90% of 

conservation sites have suffered damage from logging, min-

ing, urbanization, and tourism. Nearly 75% of nations have 

over half of their protected lands under intense exploitative 

pressure. 

These are the places that nations have said they are setting 
aside for Nature's needs, not human needs. ~ Australian con-
servation scientist James Watson 

Some ostensible conservation efforts are just publicity 

stunts. In early 2018, the Brazilian government announced 

large protected zones in their coastal ocean, but the designa-



572 Spokes 6: The Fruits of Civilization  

tions were deep-ocean areas with poor prospects for extrac-

tive activities. Lively waters with economic exploitation po-

tential were left unprotected. 

 Proposed Solutions  
The climate consequences are catastrophic. We are headed 

for disaster, and nobody seems to be able to slow things down. 
~ American Earth scientist Rob Jackson in 2019 

Government pledges to forestall worsening climate 

change are nothing but deception. The 2015 UN-sponsored 

Paris Agreement is a toothless joke. Serious efforts to miti-

gate greenhouse gas emissions would require wrenching eco-

nomic changes that no nation intends to effect. 

Economic vitality remains tied to energy output. World-

wide, economic activity was up in 2018. As a correlate, global 

energy demand surged 2.3%. Fossil fuels, especially coal 

burning, remain the primary source of energy production: an 

inexorable situation for decades to come. As economic vivac-

ity is the primary goal of governments worldwide, the prior-

ity is clear, as is the outcome. 

There have been proposals for treating the pollution that 

instigated climate change as if it was a problem amenable to 

solution. Suggestions take 2 vectors: economic and technolog-

ical.  

A popular proposal has been to create an artificial market 

for air pollution, specifically carbon emissions. The inherent 

irony is rich: trying to fix what the free market created with 

its own medicine; like the "hair of the dog" treatment of im-

bibing more booze to cure a hangover.  

The idea of applying market mechanics to climate change 

is analogous to sending the fox to guard the henhouse. Trad-

ing permits to pollute has been done for 2 decades, and even 

touted as a success, but the climate change dilemma remains 

essentially untouched. 

A related tack is taxing emissions to curb them: so far, no 

good. Nor is there is any reasonable expectation that such 

would even approach curing the ill intended on a global scale. 
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An altogether different approach is to attempt to cure 

global warming with technical countermeasures: somehow 

suck greenhouse gases out of the atmosphere.  

However seemingly sensible or harebrained the many ge-

oengineering schemes proposed seem to create a global air 

freshener, none yet have been tried on a scale that could pos-

sibly be telling. That's a good thing, as the risk of malfunction 

is so significant. Nothing that people do of any consequence 

is without unforeseen externalities. Collectively, people are 

nowhere near as bright as they like to think they are. 

Faith in technology is foolery. There is no technical fix to 

the accumulation of human presence on Earth. The damage 

has been done, and there is no redress. The evil genie of 

man's wantonness cannot be put back. 

A disease has spread throughout the world. Those lacking im-
munity believe that science and technology have the power to 
solve any problems that science and technology create.  
~ American botanist and geneticist Wes Jackson 

Earth was at the tipping point for a major mass extinction 

event in 1940. Pontificators warning to "act before it's too 

late" are babbling bunk. It is already far too late. That point 
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is driven home by the fact that nearly 20% of deaths world-

wide are caused by pollution. 

For decades, pollution and its harmful effects on people's 
health, the environment, and the planet have been neglected by 
governments. Yet, pollution is the largest environmental cause 
of disease and death in the world today. ~ The Lancet Com-
mission on pollution and health, in 2017 

 Food Production  
To die of hunger is the bitterest of fates. ~ Homer, in the 

Odyssey 

The climate turned cold in North Africa and the Fertile 

Crescent 12,800 years ago. Forests and woodlands dwindled. 

Small stands of wild grasses and other seed foods became an 

increasingly valuable food source. 

Drier weather drove people to better-watered locations. 

Increased population density focused efforts on bettering food 

production.  

Early agriculture was a survival strategy. Plant and 

animal domestication for food began in response to bitter 

climatic elements that would eventually relent. Crop 

cultivation was a response to overexploitation of local 

resources by a growing population.  

Agriculture engendered settled communities. This un-

doubtedly intensified conflict between neighboring tribes for 

the best land and water rights. Disputes were especially 

acute when harvests were paltry. 

Food has long been a check on population growth, and a 

spur to diaspora. The oomycete that caused potato blight in 

Ireland in the late 1840s traveled by ship from America. The 

resulting famine sparked an Irish diaspora, which sent many 

back to the fungus' source. 

Early scholars documented farming techniques during 

the days of the ancient Greeks and Romans. Much of what 

was believed about soil and nutrition was incorrect, but it 

provided the foundation for farming during the medieval pe-

riod. As these ideas remained much the same from Greco-Ro-

man times until the 19th century, crop yields stayed low. 
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There were many incremental improvements to food pro-

duction in the Middle Ages. The heavy plow was invented in 

the 6th century; an innovation which spread across Europe 

over the course of the next 4 centuries. 

The benefit of such metal implements was alloyed. Using 

iron plows polluted the soil, and the food that was harvested 

using such tools. Heavy metal pollution in the South China 

Sea from inland farming was significant as early as 4,000 

years ago. 

Monasteries in medieval Europe acted as agricultural 

knowledge centers. Nonetheless, growing populations were 

fed only by increasing the acreage of land under cultivation. 

Continuous cultivation of the same area lowered soil fertility.  

Despite mechanical improvements, the pressure of popu-

lation spelled soil overexploitation, and established a vicious 

cycle. Soil fertility in arable fields could only be maintained 

via animal manures, but the supply of livestock was limited 

by lack of fodder crops. Animals had to be slaughtered in the 

autumn because of an acute shortage of winter feed. As live-

stock population declined, so too fertilizer supply, and with it 

crop yields. 

For almost everyone, food meant vegetables. Meat was 

rare except for the upper class. China was no different than 

Europe on this account. Only near rivers or on the coast was 

fish ever on the menu; and then, even by the 16th century, 

signs of overfishing were apparent. 

Grain to feed livestock was scarce. Where animals were 

kept, their output was low. A medieval cow produced less 

than 20% of the milk and 25% of the meat of a modern one. 

Exchanges between Christians and Muslims in medieval 

times were fruitful, both in new crops and farming tech-

niques. Arabs introduced the Europeans to the benefits of 

slave labor for intensive cultivation on plantations: a model 

carried forward to the New World that afforded white Amer-

ican prosperity, especially in the Old South. 

Malnutrition meant that mortality remained high. In the 

late 17th century, over 20% of French infants died before 

their 1st birthday, half before they were 20, and only 10% 

survived to the age of 60. In the 2,000 years before the 20th 

century, there were famines in China every year in at least 1 
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province. Until around 2 centuries ago, in every part of the 

world, nearly everyone lived on the edge of starvation. 

 The Passenger Pigeon  

Early European settlers in North 

America frequently commented on 

the vast numbers of graceful blue pi-

geons that filled the skies. One of the 

first settlers in Virginia remarked: 

There are wild pigeons in winter beyond number or imagina-
tion, so thick that even have they shadowed the sky from us. 

Passenger pigeons could live in such huge populations as 

they lacked natural predators, apart from hawks and eagles. 

But these pigeons were surprisingly vulnerable to humans. 

As a female laid only one egg a year, losses were not readily 

replaced. Nesting in vast colonies and migrating in huge 

flocks rendered the birds easy to attack. 

Native Americans captured passenger pigeons in large 

nets. By the 1630s, European settlers were doing the same. 

The scale of human slaughter was limited until the early 

1850s, when railroads linked the Great Lakes with New 

York. Then it took only 50 years – supplying cheap meat to 

the East Coast – to wipe the passenger pigeon out; a species 

that once numbered in the billions. 

Wild passenger pigeons were gone around 1900, when the 

last birds in Ohio succumbed. Martha, the pathetic last pas-

senger pigeon, died in the Cincinnati Zoo in 1914.  

 

Until the age of machines most of humanity labored in 

agriculture. In 1850, half of the British and American popu-

lations worked the land. The number of people involved in 

farming only declined as it became more automated. 

Agricultural production doubled 4 times between 1820 

and 1975: during 1820–1920, 1920–1950, 1950–1965, and again 

1965–1975. Most of the increased production owed to more 

land under cultivation and more intensive practices. From 

1700 from 2000, global pastureland increased 680% and 

cropland by 560%. At the end of the 20th century, agriculture 
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coveted 1/3rd of the world's vegetated area. Agricultural 

productivity increase otherwise owed to improved cultivars, 

and to slathering synthetic chemicals onto crops, especially 

after the 2nd World War. 

Until the 19th century, farms were dependent upon com-

posts and manures for fertilizer. In China and Japan, farms 

near cities used the 'night soil' collected by efficient cleaning 

organizations. In the 1820s, the input that allowed the first 

boost in agricultural productivity was the importation into 

Europe of guano (bat droppings) from huge deposits off the 

Pacific coast of Latin America. 

The first departure from natural fertilizer came in 1842, 

when English farmer John Lawes applied sulfuric acid to 

phosphate rock and produced the first artificial fertilizer. 

With scant supply of suitable rock, Europeans imported from 

Florida, Morocco, and Thailand. The Soviet Union used slave 

labor from their gulags on the Kola peninsula. The Australi-

ans wrecked the landscapes of Nauru and Ocean Island for 

phosphate rock. 

German chemist Fritz Haber devised an artificial process 

to obtain usable nitrogen based upon ammonia synthesis in 

1909, which was then developed by 1913 on an industrial 

scale by German chemist Carl Bosch. But it was not until the 

2nd half of the 20th century that artificial nitrogen fertilizer 

became widespread, owing to the considerable energy re-

quired to produce it.  

Most of the fertilizer was wasted: at least half of it simply 

ran off the soil into water courses, where it wrecked environ-

mental havoc. That did not deter its application. Fertilizer 

use rose 10-fold in western Europe 1910–2000 while crop pro-

duction only doubled. 

Better living through chemistry proved a chimera. The 

short-lived productivity boon of the Green Revolution was 

spent as its ersatz alchemy exhausted the soil. 

The global food system is broken. ~ English population ecol-

ogist Tim Benton 

The situation for food production now is far from san-

guine. Some 40% of Earth's land surface is already given over 
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to agriculture, and that figure continues to rise. The system 

to feed humanity emits 1/3rd of man-made greenhouse gases. 

Expansion of land area used for agriculture is a leading cause 
of biodiversity loss and greenhouse gas emissions, particularly 
in the tropics. ~ English zoologist Ben Phalan et al 

In the US, over 70% of the land is devoted to agriculture 

and commercial forestry. 800,000 hectares are lost every year 

to erosion and other soil degradation. 400,000 hectares annu-

ally are taken for human habitation, highways, and industry.  

Historically, the best farmlands were foreclosed by cities 

and roads; a universal truism, as the flattest acreage with a 

good water supply is the first choice for land development. 

Japan is exemplary. A mountainous island chain with 

only 6% of its land arable, Tokyo and surrounding cities 

sprawl over the Kantō plain, once the country's most fertile 

soil, along with the Osaka Plain, home to the cities of Kyoto 

and Osaka. 

Most of the best lands are already cultivated. How can we 
continue to produce food from the land while preventing nega-
tive environmental consequences, such as deforestation, water 
pollution, and soil erosion? ~ Indian agricultural geographer 
Navin Ramankutty 
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 Food Waste  

Waste: its prevalence throughout the entire food system and 
its extent are truly astonishing, its perpetuation is among the 
most offensive demonstrations of human irrationality. ~ Czech 
Canadian environmental scientist Vaclav Smil 

Perhaps the single most important fact about food is how 

much of it is wasted. Food is typically treated as a disposable 

commodity: a tradition dating to antiquity. 

Waste is a product of food surplus, and surplus has been the 
foundation for human success for over 10,000 years. Everything 
we call civilization depends upon it. ~ English environmental 
scientist Tristram Stuart 

Half of the food produced in the US goes uneaten, at least 

1/3rd globally. The higher a country's standard of living, the 

more food it wastes. For instance, Britons threw away 720 

million edible eggs in 2018. 

In poor countries, food loss is primarily due to the lack of 
storage and transport; while in wealthy nations, food waste is a 
result of profligacy and inefficiencies toward the end of the food 
supply chain. ~ United Nations 

The massive level of food waste equals the acreage of land 

under cultivation because of economic inefficiency in the 

market system. 

By wasting food, we are funding the extension of agriculture 

into forests, wetlands, and natural grasslands. ~ Tristram Stuart 

The human food chain illustrates the inanity of market-

based economics. 

In one day, a supermarket can easily throw out enough to 
feed over a hundred people. Supermarkets will deliberately 
overstock because they believe that shoppers like to see full 
shelves, which give the illusion of infinite abundance. ~ Tris-
tram Stuart 

With a more rational socioeconomic organization, the tre-

mendous pressure on the world's ecosystems that exists to-

day might not have arisen, and people would lead happier, 

more fulfilling lives. 

Let nothing be wasted. ~ John 6:12, The Bible, quoting Jesus 
Christ 
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 Fish Discards  

People eat over $140 billion worth of seafood each year. 

Abetted by government subsidies, worldwide fishing catch 

rose from 20 million tonnes in 1950 to a peak of 93 million 

tonnes in 1995, where it has hovered since, with fluctuations 

of a few million tonnes.  

1950–2015, the global fishing fleet doubled: from 1.7 to 

3.7 million vessels. The trend has been to larger motorized 

ships capable of larger hauls. Fishing fleet expansion contin-

ues despite declining productivity. 

Over the last 65 years, more and more fishing vessels are 
chasing fewer fish. ~ Australian marine ecologist Yannick 
Rousseau in 2019 

Fished-out species have been replaced by others which 

were once considered non-commercial. The exploitation is un-

relenting. 

Though industrial techniques haul in more fish, fishing 

fleets have become less efficient. Ships now use at least twice 

as much energy to catch a tonne of fish as they did in 1950. 

Commercial fishermen have specific species in mind 

when they go out. Unwanted sea life is discarded.  

Chucking away valuable species is routine. Sardines are 

not appreciated in some European countries, and so are dis-

carded. Meanwhile, fleets from other countries go out to catch 

sardines. 

Specific species quotas to prevent overfishing are ineffec-

tive in making fishing sustainable. If a vessel hauls in more 

than its quota, it throws back the rest. 

Discards also happen because of a nasty practice known as 
high-grading, where fishers continue fishing even after they've 
caught a boatload of fish that they can sell. If they catch bigger 
fish, they throw away the smaller ones; they usually can't keep 
both loads because they run out of freezer space or go over their 
quota. ~ Australian marine conservationist Dirk Zeller 

All told, at least half of what is caught is jettisoned. 75% 

of the fish thrown back perish. For every kilogram of shrimp 

caught, over 10 kilos of marine life is lost. 
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The waste is growing. Fish stocks are exploited faster 

than they can regenerate. Thus, the catch increasingly com-

prises smaller fish, which are thrown back, creating through 

waste a vicious cycle of productive decline. 

 

27% of the fish caught never make it to anyone's plate. 

90% of the fish used for fishmeal is suitable for human con-

sumption. 

 Farmed Fish  

Wild fish catch must inexorably decline. Caught seafood 

is increasingly being replaced by fish farming, which began 

in the 1950s. In 2015, 80 million tonnes of seafood came from 

aquaculture. That figure is bound to grow. 

Farming fish does not relieve pressure on wild fish stocks. 

To the contrary. While some smaller farmed fish are fed corn 

and soy, the most popular species, such as salmon and tuna, 

require a fish-based diet. Hence, aquaculture largely relies 

upon a steady supply of caught fish. 

Aquaculture is industrialized. The environmental and 

nutritional results have been predictable. 

Caged fish foul the sea around their pens. Fish waste and 

uneaten feed litter the sea floor beneath aquafarms, generat-

ing bacteria that consume oxygen vital to shellfish and other 

bottom dwellers.  

Fish farm waste promotes algal growth that reduces oxy-

gen in the water, posing risks to nearby coral reefs and other 

aquatic life. But this is just the beginning.  

As concentrated targets for viruses, fish farms spread dis-

ease and sea lice. To counteract this, antibiotics and pesti-

cides are dumped into the water, poisoning the area around 

aquaculture farms.  

The pesticide that kills sea lice is lethal to other marine 

invertebrates. This toxic blanket persists in the water for 

hours and may diffuse for a kilometer around the farm. 

All told, the environmental costs of aquaculture have 

been estimated to be half their production value. Like most 

other capitalist enterprises, these are costs that fish farmers 

do not have to pay, but societies will eventually. 
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Fish regularly escape their pens. Many interbreed with 

wild varieties, producing hybrids that can be less capable of 

survival. 

Farmed fish are typically less nutritious than their wild 

cousins and are stocked with antibiotics and pesticides. 

Farmed salmon have less than half the healthy omega-3 fats 

that are a principal benefit of eating fish. 

 Junk Food  

Americans are consuming way too many sugary foods. Nearly 
40% of US adults are obese, and less than 20% attain recom-
mendations for fruits and vegetables. ~ American epidemiolo-
gist Amy Auchincloss 

Much of what is sold in supermarkets as food hardly qual-

ifies: it may sustain, but hardly counts as nutritious. Pro-

cessed foods are seldom wholesome, nor is meat nor milk 

products. 

This is the greatest food waste: consumption of unhealthy 

substances instead of fruits, vegetables, and seeds. Further, 

from a societal well-being standpoint, the economics are all 

wrong: junk food is cheap. 

Healthier, perishable foods are nearly twice as expensive as 
unhealthy packaged foods. ~ American epidemiologist David 
Kern 

 

Planting seeds requires breaking ground. From 3000 BCE 

into the 20th century, humans had draught animals dragging 

plows to till the soil. Plows improved, and oxen gave way to 

horses, but the relationship continued until the machine age. 

Then animal draught went to naught. 

 Tractors  

While they might power factories, steam engines were un-

economic on the farm. The advent of the internal combustion 

engine brought the tractor into service.  

From a promising start, tractors became more efficient 

and useful. Power takeoff was introduced in 1918, allowing a 

tractor's engine to power an implement.  
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The tricycle tractor (1924) enabled farmers to cultivate 

planted crops mechanically. Rubber tires (1932) facilitated 

faster operations. Pulling power got a boost from the late 

1950s by using 4-wheel drives and diesel engines. 

Once introduced, the number of tractors leapt dramati-

cally in developed countries, especially the United States. In 

1907, 600 tractors were in use in America. By 1950, the US 

tractor population had grown to nearly 3.4 million. 

Beyond the vast American fields, the other state to hop 

onto tractors was the Soviet Union, which forcibly collecti-

vized its farming in the 1930s. These huge farms needed trac-

tors aplenty. Their production and use became a fetish in 

Stalin's era. 

European enthusiasm for tractors and other mechanized 

farm implements trailed that of the Americans and Russians. 

In 1950, Germany still employed 2 million horses on its 

farms. Only 3% of the cows in western Europe were being 

milked by machine in 1950; by 1980, only 3% were hand 

milked. 

Implements specialized for different crops greatly im-

proved productivity. Cotton is noteworthy. Mechanization af-

ter World War 2 substantially reduced the effort needed to 

cultivate what had been a labor-intensive crop. The last in-

novations were in upsizing: gigantic tractors with double 

tires on each wheel and air-conditioned cabs that could pull 

several gangs of plows.  
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 US Agriculture  

Agriculture as a way of life has been replaced by agriculture 
as an industry, driven by the goals of efficiency and productiv-
ity. Among the most profound changes has been a major depar-
ture from the core values of traditional farming. ~ American 
bioethicist and philosopher Bernard Rollin 

America was long an agrarian society with urban centers. 

This held true into the 20th century.  

In 1935, 54% of the population lived on 6.8 million farms. 

But the situation in American agriculture was not sanguine. 

From the late 19th century, US farmers politically banded 

together to fight industrial interests that threatened family 

livelihoods with their exploitative inequities. Grain mer-

chants, meatpackers, banks, and railroads commonly vied 

against farmers' interests. 

Though central to the nation's prosperity, farmers were 

fighting a losing battle. In 1850, farmers owned almost 75% 

of US wealth. By 1890 it was 25%.  

By the turn of the 20th century, there was a running po-

litical battle between populist interests supportive of farmers 

and corporate interests that were tightening their grip on the 

economy. Meanwhile, the onset of the new century was pros-

perous for many farmers: prices increased as the number of 

farms declined. 

Government policies to prop up food prices encouraged 

farmers to produce staggering surpluses during the 1st 

World War. Prices crashed in 1920, as European battlefields 

again became farm fields.  

Wartime price supports in the US withered. President 

Wilson lowered tariffs to encourage imports, and so help Eu-

rope recover. 

As world prices for grains and cotton collapsed, farms 

across the country went bankrupt. The Roaring Twenties 

were anything but for rural farming communities, as agricul-

tural prices were half that of wartime levels. The Great De-

pression arrived early in the countryside. 

On top of the depression, the Dust Bowl was an especial 

blow to farming in North America. Both were the creations of 

men's folly. 
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Though President Roosevelt's New Deal programs during 

the Great Depression have often been portrayed as socialist, 

they were in fact desperate moves to save capitalism. Roose-

velt feared an alignment of farmers, labor unions, and the 

unemployed could become a potent political force that could 

organize a socialist revolution. So, he set about undercutting 

the coalition.  

The New Deal was one of many blows against a rising so-

cialist wave. The campaign continued into the 1950s with a 

variety of tactics by establishment politicians. Congressional 

persecution of 'communist' celebrities was one stratagem. 

In 1942, corporate interests created the Committee for 

Economic Development (CED). It came to be one of the most 

powerful economic interests in the nation, dedicated to "ac-

tion by government working with the free market, not 

against it." 

One of CED's founders was American businessman Paul 

Hoffman, who became responsible for administering the Mar-

shall Plan: the extensive American aid program for European 

nations after World War 2. Hoffman served as president of 

the Ford Foundation in the early 1950s, where he leveraged 

his power to accelerate the Green Revolution. 

The dysfunctional food system that we suffer from today is the 
result of long-standing farm and food policies that were first pro-
posed by some of the most powerful men in the country shortly 
after World War 2. These men envisioned a future in which 
most young rural men would supply cheap labor for manufac-
turing in the industrial North rather than continuing to farm, and 
in which a small number of large industrialized farms would 
supply the necessary food.  

They foresaw a future in which food production would be 
globalized for economic efficiency and the "free market" would 
create the cheap inputs necessary for processed food. The vi-
sions that these powerful men had in the late 1940s and early 
1950s were eventually enshrined in federal farm policy and in 
global trade agreements. ~ American anthropologist Wenonah 
Hauter 
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 The Green Revolution  

These developments in the field of agriculture contain the 
markings of a new revolution – the Green Revolution. ~ Amer-
ican biologist William Gaud in 1968, on behalf of the US 
Agency for International Development (AID) 

The Green Revolution was a period of agritech develop-

ment and international transfer that transpired between the 

late 1930s and late 1960s. It began by introducing hardy 

strains of wheat and rice into developing countries. 

In the 1950s and 1960s, the Green Revolution was promoted 
as the solution to world hunger. ~ American geologist Dale Al-
len Pfeiffer 

The Green Revolution spread agricultural technologies 

that were known but not widely implemented outside indus-

trialized nations. These included more robust and higher-

yield cultivars (cultivated plant varieties), modern irrigation 

projects, synthetic fertilizer, and pesticides. The idea was to 

have farms become factories, with plants as the slave labor. 

 

Population, when unchecked, increases in a geometrical ra-
tio. Subsistence increases only in an arithmetical ratio.  
~ Thomas Malthus 

Prior to the Green Revolution, many developing countries 

struggled to feed their burgeoning populations. India was ex-

emplary. Famines were frequent there from the 1940s to the 

1970s. Due to faulty food distribution and inept governmen-

tal policies, farmers were not adequately compensated for 

their labors.  

A majority of the Indian population did not get enough 

food. Malnutrition and starvation were a huge problem. The 

Indian government fostered this disaster by not providing fi-

nancing to family farmers. 

In terms of sheer productivity, the Green Revolution was 

a success. Cereal production more than doubled 1960–1985. 

But the externalities to Green Revolution were extensive. 
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The greater abundance of food in the developing world 

provoked a burgeoning birth rate. World population in-

creased 32% 1960–1985, from 3.3 to 4.85 billion. 

The Green Revolution's sole focus was on the business of 

food supply, which is only part of the hunger equation. Food 

security – people's access to food – remained shaky in ne-

glected pockets throughout the world. 

Hunger has always been political. ~ English agricultural 
ecologist Gordon Conway 

There is more than enough food for everyone. The prob-

lem is distribution. The quarter of the world's population that 

live in industrialized countries eat half the food; and even in 

those countries, hunger is commonplace. Meanwhile, the 

poorest countries export their food to the richest. Plutocratic 

control guarantees chronic food shortages and bouts of star-

vation in Africa. 

That hunger still occurs is a product of economics and pol-

itics, not a paucity of food production nor the means to deliver 

it. This is nothing new: selective undernourishment has been 

on the agenda of political regimes for millennia. 

In 2017, over 820 million people worldwide went hungry, 

and 1/3rd of the world's population were undernourished. 

Hunger continues everywhere, even in developed countries.  

In 2015, 50 million Americans (15%) did not get enough 

to eat, including nearly 25% of the nation's children: some 17 

million. Despite occasional noble pledges, American govern-

ments have been ineffectual, if not downright indifferent, 

about caring for its people most in need. 

We have the means to wipe hunger and poverty from the face 
of the Earth in our lifetime. ~ American President John Kennedy 
in 1963 

 

Though agricultural output soared during the Green Rev-

olution, the energy required to produce a crop shot up even 

faster. Food production became beholden to fossil fuels. 

The globalization of food production in the wake of the 

Green Revolution was engendered by the availability of 

cheap hydrocarbons. The fuel that powers tractors is just the 
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beginning. Fertilizers are generated from natural gas. The 

pesticides that protect monoculture crops from devastating 

infestations are derived from petrol. 

Fossil fuels are not the only nonrenewable resources re-

quired for the intensive cultivation brought on by the Green 

Revolution. Phosphorus is an essential mineral nutrient that 

is often a limiting factor in crop cultivation.  

Phosphorus mines are rapidly being depleted worldwide. 

~80% of the phosphorus mined is wasted in application. Re-

cycling and more judicious use would help, but that is not 

happening. Resource efficiency is something humans have 

never been good at. 

Phosphorus has no substitute in food production. Mobilizing 
phosphate rock into the environment at rates vastly faster than 
the natural cycle has not only polluted many of the world's 
freshwater bodies and oceans but has also created a human de-
pendence on a single nonrenewable resource. Phosphorus se-
curity is emerging as one of the 21st century's greatest global 
sustainability challenges. ~ Australian resource scientists Dana 
Cordell & Stuart White 

The Green Revolution reduced agricultural biodiversity. 

Its simplistic technological approach ignored the importance 

of soil quality and the risk of susceptibility to disease in mon-

oculture crops. 

The polycultures of traditional agricultural systems evolved 
because more yield can be harvested from a given area planted 
with diverse crops than from an equivalent area consisting of 
separate patches of monocultures. ~ Indian environmental sci-
entist Vandana Shiva 

Monocultures rapidly degrade soil quality by depleting 

nutrients in the earth. Weak soil cannot support healthy 

plant growth. 

Normal chemical fertilizers are far too simple: a plant's min-
eral requirements are many times wider in range. By giving only 
2 or 3 which stimulate bulk growth, others, equally important, 
are exhausted, leading to unbalanced nutrition of the plant and 
often, through their solubility, to serious environmental pollu-
tion. ~ English organic farmer Eve Balfour 
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Because farming methods that depend heavily on chemical 
fertilizers do not maintain the soil's natural fertility and because 
pesticides generate resistant pests, farmers need ever more fer-
tilizers and pesticides just to achieve the same results. ~ Amer-
ican agricultural ecologist Peter Rosset et al 

Fields become dependent on their fertilizer supplements in a 
manner suggestive of drug addiction. By contrast, organic fields 
develop an increasing biological vigour which enables them to 
be self-supporting. ~ Eve Balfour 

The intensive practices of industrialized agriculture quickly 
strip the soil of nutrients and deplete easily accessible water sup-
plies. As a result, the need for hydrocarbon-based inputs must 
increase, along with increasingly energy-intensive irrigation. 
Without hydrocarbons, much of the world's farmlands would 
quickly become unproductive. ~ Dale Allen Pfeiffer 

Synthetic fertilizer is a pollutant: damaging the soil and 

contaminating nearby freshwater and groundwater for a cen-

tury or more after its last application. This false fertilizer 

also emits ammonia into the air, creating a toxic pollutant. 

Monocropping engenders the spread of agricultural pests 

and diseases, the threat of which is treated with yet more 

chemicals: all of which are poisonous to animals and detri-

mental to Nature. 

The Green Revolution expanded agricultural develop-

ment into lands which were once unproductive. This spelled 

further environmental destruction. For example, seed varie-

ties were developed that permitted cultivation in sensitive 

Brazilian ecosystems, which were deforested and stripped of 

natural wildlife to render cropland. 

The Green Revolution set agriculture on an unsustaina-

ble path. Its techniques of monocropping and petrochemical 

dependence degraded the soil, producing higher yields only 

for a short duration. 

Green Revolution-style farming is not ecologically sustaina-
ble, even for large farmers. After achieving dramatic increases 
in the early stages of the technological transformation, yields 
began falling. ~ Peter Rosset et al 
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Approaching the end of the 20th century, agricultural 

productivity slowed markedly. From 1950 to 1990, productiv-

ity rose 2% a year. From 1990 to 2000, yield growth was only 

1%; a figure that continues to decline in the 21st century. 

Land for grain production peaked in 1981 and has since 

declined as a result of environmental degradation. World ce-

real production plateaued in 1994. From 1999, world grain 

stocks have been on a decidedly downward trend. 

 

The Green Revolution was largely an American govern-

ment-sponsored initiative. Its most vigorous efforts took 

place during the Cold War, when "Americanism versus Com-

munism" was taught in US public schools. 

The primary objective of the program was geopolitical: to 
provide food for the populace in undeveloped countries and so 
bring social stability and weaken the fomenting of communist 
insurgency. ~ American historian Mark Dowie 

The Green Revolution weakened socialist movements in 

many nations. In countries such as India, Mexico, and the 

Philippines, technological solutions were sought as an alter-

native to agrarian reform, which was often linked to socialist 

politics. 

The Green Revolution significantly altered the socioeco-

nomic dynamics of agriculture. Its emphasis on mechaniza-

tion and chemical treatments rewarded larger farms. 

Small farms produce more agricultural output per unit area 
than large farms. ~ American ecologist Andrew Kimbrell 

The dynamic of the Green Revolution in developing coun-

tries was dramatic. As crop prices dropped, smaller farmers 

could not keep up. They went into debt, which often meant 

the loss of their farmland.  

Rural employment dropped. Rural income disparities 

ratcheted as monoculture plantations proliferated.  

The economic difficulties for small farm holders and land-

less farm workers led to urban migration. The infusion of a 

cheap labor pool into cities increased the potential for indus-

trialization and its attendant exploitation by capitalists. 
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Agriculture's chief need is a reduction of the number of peo-
ple. Fewer workers in agriculture, working a smaller number of 
farms of greater size. Farm prices governed by free market 
forces. ~ The Committee for Economic Development (CED) 

In the US, the Green Revolution went hand-in-hand with 

the CED plan to accelerate exodus from rural life, both as a 

boost to agribusiness and to create a labor pool for industry. 

This was accomplished in part by abolishing government par-

ity policies which succored small farms, replacing them with 

subsidies based on farm size. 

The foundation for the CED plan was laid in 1953 when 

President Eisenhower appointed right-wing agricultural 

economist Ezra Benson as Secretary of Agriculture. Benson 

vehemently denounced New Deal farm programs as "social-

ism" and dismantled them; this after Eisenhower had cam-

paigned on a platform of parity for farmers. 

Get big or get out. ~ US Agriculture Secretary Earl Butz in 

1972 

From 1939 to 1959, the number of farms in the US fell 

40%. These 2 decades were the dawn of mechanized agricul-

ture on a vast scale, abetted by the slathering of pesticides 

on croplands. This came at the expense of small family farms, 

which could not compete with the industrialization of agri-

culture. The same gyre of dislocation that had occurred over 

a century earlier to cottage crafts brusquely buried those who 

had made their living growing healthsome crops.  

Between 1950 and 1970, US farm population plummeted 

by over half. By the 21st century, farmers were less than 1% 

of the population. 

Today, under a million farms produce most of the food 

grown in the US. Large-scale industrial operations – 12% of 

the farms – generate 88% of the value of production. 

The large agribusiness corporations have replaced the world's 
agricultural diversity, which was useful primarily to farmers and 
local consumers, with bioengineered and patented monocul-
tures that are merely profitable to corporations. ~ Wendell 
Berry 
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American agribusiness has failed to feed the country. 

Over half of the fresh fruit eaten in the United States is im-

ported, up from 23% in 1975. 1/3rd of the fresh vegetables 

that end up on American dining tables have a foreign origin; 

in 1975, less than 6% were imported.  

At least 10% of imported produce violates US federal 

standards for pesticide residues, compared with 2.2% for do-

mestic fruit and 3.8% for domestic vegetables. 

 

Overall, modern industrialised agriculture is highly energy- 
inefficient. ~ Clive Ponting 

The most energy-efficient agriculture is rice growing in 

the paddy fields of southeast Asia, where output is ~50 times 

greater than the input. Other traditional agricultural sys-

tems are also highly efficient, producing 20 times the energy 

consumed in growing crops. In contrast, at best, modern ce-

real farming reaps only about 2 times the energy input for 

fertilizers, herbicides, pesticides, and machinery. 

Industrial agriculture is becoming less energy efficient. 

1952–1972, energy inputs rose 70% for a 30% food production 

increase. Energy inputs to grow corn in the US rose 400% 

1945–1970 while yields went up only 138%; a 0.345 bene-

fit/cost ratio. That ratio has dropped considerably since. The 

energy efficiency of American corn production has fallen 60% 

since 1900.  

Livestock production in the industrialized world con-

sumes 2 to 3 times as much energy as it produces. 

On top of the energy costs in food production are the costs 

incurred in processing and distributing food, which take 3 

times as much energy as producing food. Such inefficiencies 

reflect the cost of disorganized societies under capitalism. 

 

There is not one grain of anything in the world that is sold in 
the free market. Not one. The only place you see a free market 
is in the speeches of politicians. ~ American agribusiness exec-
utive Dwayne Andreas 
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After World War 2, western governments, with the US at 

the forefront, established multinational organizations to fa-

cilitate economic cooperation, both in finance and trade. The 

World Trade Organization (WTO) was established in 1995, 

replacing an earlier trade agreement protocol. 

The WTO's structure promotes commerce at the expense of 
other societal goals. As the final arbiter of trade disputes, the 
WTO almost always rules in favor of business interests, 
restraining member countries from having health, safety, or 
environmental rules that companies contend impede trade.  
~ Wenonah Hauter 

The centerpiece of negotiations leading to the creation of 

the WTO was agriculture, which has been the most contested 

facet of continuing talks. The founding Agricultural Agree-

ment (AA) was crafted by multinational food companies. It 

requires that countries enable "market access" by banning 

policies and practices historically used to control the quality 

and volume of imports. 

AA rules allow the largest agribusiness companies to move 
operations overseas to where production is cheapest, to com-
pete unfairly with local producers, and to pursue a global race 
to the bottom for farm prices. Policies that ensure fair prices for 
farmers are considered trade barriers. ~ Wenonah Hauter 

WTO trade rules are designed to help agribusiness pro-

duce crops where labor and other costs are the cheapest, and 

environmental laws the weakest. Hence, food production has 

increasingly moved to the developing world. 

A dramatic decline in farm income in developed and devel-
oping countries alike has been the norm under the WTO, caus-
ing indebtedness and foreclosures in rich countries and loss of 
livelihoods and hunger in poor countries. ~ American trade an-
alyst Lori Wallach 

The WTO requires that laws mitigating hazards, such as 

pesticides, bacterial contamination, use of hormones in feed-

stock, and safety regulations, must be justified by expen-

sively impractical risk-assessment procedures. WTO trade 

rules have forced countries to accept genetically modified 

crops and meat with hormones even if they have laws prohib-

iting them. 
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The WTO corresponds with US government protocol: not 

to produce food efficiently in an environmentally sustainable 

way, or even for food to be safe to eat; instead, the overriding 

priority is to allow agricultural corporations to handsomely 

profit for delivering a facsimile of food. 

For millennia, countries around the world practiced self-sus-
taining, localized agriculture. An industrialized agriculture 
model is now being forced on these countries – a system de-
pendent on massive chemical inputs, invasive technologies, and 
corporate control. This globalized agriculture has devastated the 
environment, farm communities, and farmers. ~ American 
ecologist Debi Barker 

 Land Inequity & Food Production  

Land as a primal source of inequity is especially notewor-

thy in developing countries. In Latin America, 2/3rds of the 

land is owned by 1.5% of landowners. Most folk are landless 

laborers: 1/3rd of the population has a hold on just 1% of the 

land. In Africa, 75% of the rural population own less than 4% 

of the land. 

World hunger is not created by lack of food but by poverty 
and landlessness, which deny people access to food. Industrial 
agriculture actually increases hunger by raising the cost of farm-
ing, by forcing tens of millions of farmers off the land, and by 
growing primarily high-profit export and luxury crops. ~ An-
drew Kimbrell 

Apart from societal inequity, large-scale ownership re-

gimes are inefficient: food output is lower than what it could 

be, as large landholdings concentrate on export crops, and do 

so in an intensely environmentally destructive way. 

The current agribusiness model benefits the few at the ex-
pense of the many: small-scale farmers, the essence of rural live-
lihoods and backbone of food production for millennia, are 
under immense stress from land degradation, insecure tenure, 
and a globalized food system that favors concentrated, large-
scale, and highly mechanized farms. ~ United Nations 
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 Pesticides  

Weeds and pests aren't just ugly. They're a threat. ~ Ameri-
can lawn-care provider TruGreen advertisement (2012) 

In Nature, there are no pests. Humans label as pests any 
plants or animals that endanger our food supply, health, or com-
fort. To manage these pests we have pesticides. ~ American 
entomologist Keith Delaplane 

Weeds are an index of what is wrong – and sometimes what 
is right – with the soil. Weeds shout out in understandable terms 
that something is wrong with the direction of decay of organic 
matter. ~ American agriculturist Charles Walters Jr. 

Pesticides are chemicals intended as a biocide: a killer of 

life. Herbicides are the most widely used pesticide, followed 

by insecticides and fungicides. Pesticides are most commonly 

used to protect crops at the expense of all else in the environ-

ment.  

Chemists concoct pesticides for efficacy on the intended 

pest. The externalities of pesticides, which are extensive, are 

an after-thought, if given any thought at all. 

Ideally a pesticide must be lethal to the targeted pests, but not 
to non-target species, including man. Unfortunately, this is not 
the case. The rampant use of these chemicals, under the adage, 
"if little is good, a lot more will be better" has played havoc with 
human and other life forms. ~ Indian pesticide researcher 
Wasim Aktar et al 

The most common pesticides are toxic and carcinogenic to 

humans. Developed in the 1950s and 1960s, and used exten-

sively since, they ravage all animals' nervous systems, and 

are also detrimental to plants. 

Malathion is the most common insecticide: frequently 

used to treat fruit, vegetables, and plants for pests, as well 

as put on pets to remove ticks. Chlorpyrifos is employed to 

exterminate termites, mosquitoes, and roundworms. Dia-

zinon is often used on cockroaches, ants, and fleas. All 3 are 

poisonous nerve agents, injurious to all animals in the same 

way they kill insects and other little critters, which suffer 

greater toxicity only owing to their tiny size. 
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The EPA has allowed chemical companies to register more 
than 16,000 pesticides without properly considering their im-
pacts. These dangerous pesticides have been used without 
proper analysis for decades. ~ American environmental scien-
tist Lori Ann Burd 

Pesticides sprayed on fruits and vegetables accumulate 

on the outer skin; but the skin is not an impermeable barrier, 

and some pesticides are actually designed to be absorbed into 

the tissue of the fruit or vegetable. The produce most contam-

inated in the US are strawberries, spinach, nectarines, ap-

ples, peaches, celery, grapes, pears, cherries, tomatoes, sweet 

bell peppers, and potatoes. 

 History  

Famers have always lived at the mercy of the Nature they 
hope to exploit, determined to rule the land, yet subject to the 
vagaries of soil and sun, wind, and rain, to sudden outbreaks of 
crop diseases, to unpredictable invasions of insects and other 
pests. ~ American chemist James Whorton 

The plying of pesticides extends into antiquity. Farmers 

in ancient Sumer dusted sulfur on their Mesopotamian crops 

4,500 years ago. Contemporaneous Indian texts mention us-

ing poisonous plants for pest control. 

Ancient Romans slayed insects by burning sulfur. Weeds 

were treated with salt. 

By the 15th century, toxins such as arsenic, mercury, and 

lead were applied to crops to kill pests. In the 1600s, ants 

were fed a mixture of honey and arsenic. 

Organic pesticides were also employed. Beyond their am-

ple use as produce, plants have long been treasured as both 

medicines and toxins. 

Pyrethrum, derived from chrysanthemum flowers, is an 

insecticide known since 400 BCE. In the Middle East, pyre-

thrum Persian powder long served as a lice remedy.  

Rotenone is got from the seeds and roots of tropical 

plants. It is a broad-spectrum killer that stymies electron 

transport in the mitochondria of cells. Rotenone had been 

used to poison fish for centuries before it became popular as 
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an insecticide in the mid-19th century, particularly for cater-

pillars. 

Chemists in the 17th century extracted nicotine sulfate 

from tobacco leaves as an insecticide. By the late 19th cen-

tury, US farmers were applying a variety of chemicals to field 

crops to kill insects. The results were often unsatisfactory, 

owing to the primitive chemistry and inapt application. 

The rise of modern pesticides began after World War 2, 

when a variety of potent formulas found favor. Among them 

were DDT and 2,4–D. These were products of government-

sponsored research during the war: potent pesticides that 

were quickly adapted to civilian use when the guns stopped. 

The triumphalist rhetoric used to describe the war effort was 

readily translated into the need to fight and win the war on 

pests. 

Get rid of weeds – now that chemistry had developed an 
easy, economic method for their destruction. ~ 1946 herbicide 
advertisement 

These new chemicals were inexpensive and enormously 

popular. Americans were especially enthusiastic and naïve in 

their embrace of modern technologies and view of economic 

growth as progress. Another aspect was the mistaken as-

sumption that increasing agricultural output was by defini-

tion good, and that this bounty was inextricably tied to 

modern techniques, particularly pesticides. 

Airplanes swoop over a field leaving a trail of vapor, engaged 
in chemical warfare against crop-destroying pests. You'll also 
see spray machines squirting selective chemicals which kill 
weeds but don't harm the crops. ~ Saturday Evening Post (23 
October 1954) 

Lulled into a false sense of security about "better living 

through chemistry," people liberally applied pesticides in 

pursuit of habitats "sterilized" of pests. In the 3 decades fol-

lowing World War 2, pesticide use in the US leapt tenfold.  

By the end of the 20th century, the post-war chemical rev-

olution was an entrenched institution. Synthetics of all sorts 

pervaded modern life. Pesticides were merely exemplary. 
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Since the mid-1940s, over 200 basic chemicals have been 
created for use in killing insects, weeds, rodents, and other or-
ganisms descried in the modern vernacular as "pests." These 
sprays, dusts, and aerosols are now applied almost universally 
to farms, gardens, forests, and homes – nonselective chemicals 
that have the power to kill every insect, the "good" and the 
"bad," to still the song of birds and the leaping of fish in the 
streams, to coat the leaves with a deadly film, and to linger on 
in soil – all this though the intended target may be only a few 
weeds or insects. Can anyone believe it is possible to lay down 
such a barrage of poisons on the surface of the Earth without 
making it unfit for all life? They should not be called "insecti-
cides," but "biocides." ~ American marine biologist Rachel 
Carson in Silent Spring (1962) 

Under constant chemical attack, some victims developed 

genetic resistance. Meanwhile, the swath of environmental 

damage was far more than reckoned.  

 DDT  

DDT is now so universally used that in most minds the prod-
uct takes on the harmless aspect of the familiar. ~ Rachel Car-
son in 1962 

DDT is a crystalline organochloride that is colorless, 

tasteless, and almost odorless. An organochloride is a class of 

compounds that are chlorinated hydrocarbons. Chlorination 

modifies a hydrocarbon's properties, typically in ways sinis-

ter to life. In the case of DDT, a prevalent action is disrupting 

sodium activity in an animal's nerve cells. 

DDT was first synthesized in 1874. Swiss chemist Paul 

Müller discovered DDT's apocalyptic insecticidal activity in 

1939. Hailed as the means for winning the war against 6-leg-

ged destroyers of crops, Müller won the Nobel Prize in 1948. 

DDT is harmless to man, so far as the evidence goes. ~ The 
New York Times in 1944 

The American military sprayed DDT in Europe and the 

Far East during World War 2 and marveled at its lethal po-

tency. When the war ended, DDT garnered vast application, 

celebrated as "the atomic bomb of the insect world." 
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The praise was on-point. DDT and other synthetic pesti-

cides wreak their havoc through death-dealing ionization. 

The damage caused by the ionization of atomic fallout and 
by chemical agents are the same. ~ Italian chemist Americo 
Mosca 

The appreciation of DDT's vigor turned to alarm with the 

seminal 1962 book Silent Spring, in which Rachel Carson de-

tailed the persistent threat that DDT and other synthetic 

"elixirs of death" had on all animal life. Though the USDA 

fought it, the book led to the 1972 ban on DDT for agricul-

tural use; a ban that became worldwide only in the early 21st 

century.* 

DDT is still used in Africa and South America to control 

insect-borne diseases, such as malaria. Some countries, in-

cluding India and North Korea, continue to apply DDT to 

crops.  

DDT is readily adsorbed into soils and sediments, where 

it exposes itself to organisms for decades. DDT works its way 

up the food chain, thus incrementally improving its toxicity 

on larger predatory animals. DDT is carcinogenic. 

 Neonicotinoids  

Insect pollination is a vital ecosystem service that maintains 
biodiversity and sustains agricultural crop yields. ~ English an-
imal ecologists Richard Gill & Nigel Raine 

While DDT is ostensibly banned, it is only one of many in 

the 1st generation of synthetic pesticides, several of which 

remain in use. In succeeding generations of pesticides, chem-

ists thought themselves clever by synthesizing variants of 

molecules that plants themselves produce to ward off their 

pests. An obvious candidate was nicotine. Neonicotinoids 

were developed in the late 1980s.  

Neonicotinoids mimic the action of neurotransmitters. In do-
ing so, they continuously stimulate neurons, leading ultimately 
to death of target invertebrates. Like virtually all insecticides, 
they can also have lethal and sublethal impacts on non-target 

 
* USDA = United States Department of Agriculture. 
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organisms, including insect predators and vertebrates. ~ Dutch 
entomologist and ecologist Noa Simon-Delso et al 

Neonicotinoids are quite good at killing insects. In most 

instances it takes a few mere molecules per billion, equiva-

lent to a few drops in a swimming pool of water. 

Neonicotinoids found favor for their supposed specificity: 

they were not as lethal to larger animals as insects. Neonico-

tinoids became wildly popular. 

Being water soluble, neonicotinoids leach into ponds, 
ditches, and streams and contaminate groundwater. Waterways 
with neonicotinoids have depleted insect abundance and diver-
sity. ~ Dutch biologist Maarten van Lexmond et al 

There is strong evidence that soils, waterways, and plants in 
agricultural environments and neighboring areas are contami-
nated with neonicotinoids and their metabolites. ~ French 
ecologist and chemist Jean-Marc Bonmatin et al 

Neonicotinoids can persist for years in soils, and so cause en-
vironmental concentrations to build up. ~ Maarten van Lex-
mond et al 

Besides spraying, neonicotinoids are slathered on seeds 

to prevent their being eaten by bugs. Beyond killing pollinat-

ing insects, severely polluting seed-eating birds, and other 

environmental degradation, that tactic is useless.  

Neonicotinoids otherwise have had quite an impact. They 

pummel the primary pollinators upon which all crops rely: 

bees. Honeybee colonies suffered terribly after the introduc-

tion of neonicotinoids, yet it took scientists decades to ascer-

tain the obvious: insecticides hurt insects.  

Neonicotinoids are highly likely to be responsible for trigger-
ing 'colony collapse disorder' in honeybee hives that were 
healthy. ~ Chinese American ecologist Chensheng Lu 

Repeated exposure to even low doses of neonicotinoids be-

fuddles bees, enfeebling their foraging. This impairs their 

pollination services, which are crucial to healthy ecosystem 

functioning.  

Insecticides have a significant negative impact on bee learn-
ing and memory. This occurs even at the low levels of pesticides 
that bees would routinely encounter in the field. ~ English bi-
ologist Harry Siviter 
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Still the lesson has yet to sink in. Neonicotinoids continue 

to be massively employed – business as usual until a silent 

spring, as Rachel Carson feared. 

It is not clear, based on current research, whether pesticide 
exposure is a major factor associated with US honeybee health 
declines. ~ US Department of Agriculture in 2012 

As aforementioned, neonicotinoids are merely more toxic 

to insects than mammals. Unsurprisingly, these pesticides 

damage fish, avian, and mammalian nervous systems too. 

Although vertebrates are less susceptible than arthropods, 
consumption of small numbers of dressed seeds offers a poten-
tial route for direct mortality in granivorous birds and mammals, 
for such birds need to eat only a few spilt seeds to receive a 
lethal dose. Lower doses lead to a range of symptoms including 
lethargy, reduced fecundity, and impaired immune function.  
~ Maarten van Lexmond et al 

 Early exposure to pesticides is especially destructive, 

causing developmental detriments, including autism in chil-

dren. Autism has surged in the US in the 21st century owing 

to pollution. The state with largest leap is New Jersey, which 

is heavily polluted, due partly to hosting many toxic chemical 

plants. 

Far from protecting food production, the use of neonicotinoid 
insecticides is threatening the very infrastructure which enables 
it. ~ Jean-Marc Bonmatin 

Pesticides simply are not ecologically sensible. Their ef-

fects are more damaging, and widespread, than has been as-

sumed. Honeybees and other pollinators are poisoned by 

pesticides on plants that were never sprayed.  

In the past, we underestimated the risks of widely used pesti-
cides. ~ Chinese ecologist Guangming Zeng et al 

 

The first duty of the agriculturalist must always be to under-
stand that he is a part of Nature and cannot escape from his 
environment. He must therefore obey Nature's rules. ~ Albert 
Howard 
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A significant fraction of the temporary productivity gains 

in agriculture during the Green Revolution are attributed to 

the pesticide use. 

It is astonishing we have learned so little. After Silent Spring 
revealed the unfortunate side-effects of those chemicals, there 
was a big backlash. But we seem to have gone back to exactly 
what we were doing in the 1950s. It is just history repeating 
itself. The pervasive nature of these chemicals mean they are 
found everywhere now. ~ English ecologist Dave Goulson 

2.7 million tonnes of pesticides are applied worldwide 

every year. The US sprays 22% of the pesticides: 600 tonnes, 

an average of 1 kg per hectare of arable land.  

Despite heavy dosing, the US does not use pesticides as 

intensely as some other countries. Japan smears 5.9 kg of 

pesticides per hectare on its crops; China 4.7 kg; Italy 2.5 kg; 

and 1.3 kg per hectare in the British Isles. 

Besides grotesque overapplication, pesticides are not very 

effective. At best, only 1% reach their intended target. 

Not using pesticides reduces crop yields by only ~10%; 

even less if crops are planted with vegetative buffers (poly-

culture) to give ravenous insects something else to eat and 

help disguise the food hoard so as not to blatantly advertise 

and attract the little buggers in the first place. But that sort 

of smart farming is practiced practically nowhere. Instead, 

monocropping is ubiquitous. 

Further, the meager positive power of pesticides has 

waned. From 1950 to 2000, despite increasing pesticide use 

by 800%, US crop losses from insects nearly doubled: from 7% 

to 13% of the total harvest.  

There is a chance for an immunity to manifest itself in increas-
ing degree as the insects become acclimatized. ~ American en-
tomologist A.L. Melander in 1914 

Evolved resistance to insecticides and herbicides has been 

known for well over a century. The chemists who concoct 

killer compounds only care that their creations destroy the 

intended targets without being lethal to humans in the ap-

plied doses. All else is incidental. 

Insect and weed evolution may outstrip our ability to replace 

outmoded chemicals. ~ American entomologist Fred Gould 
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It is not a matter of if but when we are going to lose chemical 
control of weeds. ~ American botanist Adam Davis 

 

Industrial agriculture has become a war against ecosystems. 
The chemicals on which industrial agriculture is based were 
originally designed for chemical warfare. ~ Vandana Shiva 

Ultimately, pesticides affect all members of an ecosystem, 
from the tiniest invertebrates to humans and other large animals 
living at the top of their food chains. ~ American pesticide ma-
ven Monica Moore 

 Deadly Adjuvants  

Billions of pounds of formulation and tank adjuvants, includ-
ing organosilicone adjuvants, are released into US environ-
ments each year, making them an important component of the 
chemical landscape to which bees are exposed. ~ American 
entomologist Julia Fine 

Adjuvants are substances added to pesticides and herbi-

cides to improve their performance. Owing to potency, one of 

the most widely used is organosilicone, which is applied to 

wine grapes and tree fruits, including almond trees. These 

chemicals are commonly used during crop blooming periods, 

when pollinators are most present. 
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There are no regulations on use of adjuvants, as the US 

EPA classifies them as biologically inert. But that is not true. 

Honeybees exposed to organosilicone adjuvants are much 

more susceptible to viral infection, and more likely to quickly 

succumb. 

The adjuvant is enhancing the damaging effects of the virus. 

It causes synergistic mortality. ~ Julia Fine 

 

When earth is rich it bids defiance to droughts, yields in abun-
dance, and of the best quality. ~ American farmer and US Pres-
ident Thomas Jefferson 

The effects of pesticides run deep. Herbicides reduce 

earthworm casting, which promotes soil health. The toxins 

damage earthworm fertility, and so hurt soil quality. 

In a natural environment, topsoil builds via decaying 

plant matter and weathering rock. The soil is protected by 

erosion by growing plants. 

In soil made vulnerable by agriculture, erosion reduces 

productivity by up to 65% per year.  

The former prairie lands that constitute the US breadbas-

ket have lost half of their topsoil after being farmed for a cen-

tury. Soil is eroding 30 times faster than the natural 

formation rate. 

It takes 500 years for Nature to replace an inch of topsoil. 

Reforming damaged topsoil to a depth for agriculture takes 

3,000 years. 

Food crops are much hungrier than the parsimonious 

grasses that once covered the Great Plains. Much of the soil 

there is now little more than a sponge into which synthetic 

fertilizers are poured to produce crops. 

Erosion rates are rising throughout the world.  

China is losing 36 tonnes of topsoil per hectare each year. 

During the spring planting season, Chinese soil can be found 

in the air as far away as Hawaii. 

 

China exceeded its capacity to feed itself by the late 

1980s. The Chinese import prodigious quantities of grain 
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while pushing their croplands to the limit with artificial fer-

tilizers and pesticides to eke out what they can. 

Agricultural productivity has declined in parts of Africa 

by 50% due to soil erosion and desertification.* Production 

losses in the range of 20% have been reported in India, Paki-

stan, and several Middle Eastern countries, thanks to the 

farming practices advocated by Green Revolutionaries. 

Contrary to the myth that industrialized agriculture is 

superior, studies have shown that indigenous natural sys-

tems are more efficient in terms of yields, labor, and energy. 

Both from the point of view of food productivity and of food 
entitlements, industrial agriculture is deficient as compared to 
sustainable farming systems based on diversity and internal in-
puts. ~ Vandana Shiva 

Further, agriculture reliant upon chemical fertilizers and 

pesticides is environmentally unsustainable: the toll on the 

soil and pollinators is too much for plants to bear. 

All the great agricultural systems which have survived have 
made it their business never to deplete the earth of its fertility 
without at the same time beginning the process of restoration. 
~ Albert Howard 

 Pollinator Downfall  

The whole fabric of our planet is built on plants and insects, 
and the relationship between the two. ~ American ecologist 
Scott Black 

Birds, bees, butterflies, beetles, bats, and wasps all have 

2 things in common: they pollinate plants, and their numbers 

are dwindling fast. 

Pollinators play a key role in the agricultural system, 

which also employs millions of humans to feed their world. 

35% of the crops grown worldwide, with an annual value of 

$577 billion, depend upon pollination. 

 
* 8,000 years ago, agriculture and the introduction of livestock in 

North Africa culminated in the creation of the Sahara Desert, 

which had before been verdant land. 



606 Spokes 6: The Fruits of Civilization  

Flying insects have really important ecological functions, for 
which their numbers matter a lot. Flies, moths, and butterflies 
are as important as bees for many flowering plants. Flying in-
sects provide food for many animals. Flies, beetles, and wasps 
are also predators and decomposers, controlling pests and gen-
erally cleaning up the place. ~ English zoologist Lynn Dicks 

The abundance of flying insects in German Nature pre-

serves plunged by 76% in the quarter century 1989–2016. 

That finding is likely to be typical of the worldwide trend. 

This decline happened in Nature reserves, which are meant 
to preserve biodiversity and ecosystem functioning. ~ Dutch 
ecologist Caspar Hallmann 

Insects make up about 2/3rds of all life on Earth, but there has 
been some kind of horrific decline. We appear to be making 
vast tracts of land inhospitable to most forms of life and are cur-
rently on course for ecological Armageddon. If we lose the in-
sects, then everything is going to collapse. ~ Dave Goulson 

Many pollinators face impending extinction, including at 

least 9% of bees and butterflies, and 16% of nectar-loving ver-

tebrates like birds and bats. 

In the US, beekeepers lost 41% of their honeybee colonies 

in 2018. This continued a 21st-century trend of accelerating 

debility in commercial colonies.  

The causes of the decline are entirely man-made. Farm-

ing, roads, and buildings eliminate wildflowers and other 

plants pollinators depend upon. Decades of pesticides have 

decimated insect populations, and weakened those left alive, 

leaving them easy prey to parasites and pathogens. Honey all 

around the world is contaminated with pesticides known to 

harm honeybees. 

Even managing pollinators takes a toll. Trucking honey-

bee hives around, as done extensively in the US, is disorient-

ing to the captives. Their health suffers, and so contributes 

to pollinator decline. 

If you look at what's driving honeybee declines, industrial ag-
riculture certainly plays a major role. ~ American geoscientist 
Kelly Watson 
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Theoretical computer modeling suggests that plants can 

tolerate losing most pollinator species as long as other polli-

nators take up the slack. Instead, the plant-pollinator rela-

tionship is not so casual. Sustaining relations during a 

flowering season are important to plant fecundity. In a study 

of Rocky Mountain larkspur wildflowers, removing a single 

bumblebee population from pollinating services had profound 

consequences. 

These wildflowers produce 1/3rd fewer seeds in the absence 
of just 1 bumblebee species. ~ American ecologist Berry Brosi 

While particular flower populations are in bloom, certain 

insect pollinators favor them with fidelity, thus maximizing 

cross-pollination among the plants. 

Most pollinators visit several plant species over their lifetime, 
but often they display floral fidelity over shorter time periods. 
They'll tend to focus on one plant while it's in bloom, then a 
few weeks later move on to the next species in bloom. You 
might think of them as serial monogamists. ~ Berry Brosi 

When bees are promiscuous, visiting plants of more than one 
species during a single foraging session, they are much less ef-
fective as pollinators. ~ American biologist Heather Briggs 

 

A 2016 survey revealed that US crop production is in dire 

threat from pollinator downfall. The foolishness of assuming 

it was safe to spray pesticides at industrial scales across en-

tire landscapes is a harbinger of doom. 

 

Farmland has very little to offer any wild creature. ~ German 
entomologist Martin Sorg 

The agricultural system is driving environmental harm. 

In turn, environmental harm is threatening the agricultural 

system. In producing food as an industrial exercise, man has 

created a feedback gyre of self-destruction. 

Agriculture is the single-largest use of freshwater on the 

planet. It contributes 24% of world greenhouse emissions. 

62% of globally threatened species are affected by agricul-

ture.  
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Over the past century, diets and agricultural systems 

have simplified. While the diversity on offer has never been 

higher, global food consumption is becoming more homoge-

nized. 75% of the world's food today is derived from just 12 

crops and 5 animal species. Over 60% of crop output comes 

from specialized, high-yield varieties. Rice, wheat, corn, and 

potatoes provide over half of the world's plant-derived calo-

ries.  

This leaves global food supply vulnerable to disease and 

pests that can sweep through monoculture croplands, as hap-

pened during the Irish potato famine, when millions starved 

to death. Ongoing pollution, deficient food-production prac-

tices, and fast-changing climate will continue to cut yields as 

global population rises, at least until famine takes its toll. 

Man reaps what he sows. ~ Galatians 6:7, The Bible 

 Nutritional Quality  

Commercial food has steadily become less nutritious for 2 

reasons: soil depletion and crop selection. Modern intensive 

agricultural methods have incrementally impoverished the 

soil in which food is grown, as well as lacing the ground with 

toxic chemicals. 

A British study of 20 vegetables found a 15–20% drop in 

various nutrients from 1930 to 1980. The US Department of 

Agriculture found "reliable declines" from 1950 to 1999 in all 

nutritional metrics for 43 different fruits and vegetables. 

Other studies have sussed similar results.  

Efforts to breed new varieties of crops that provide greater 
yield, pest resistance, and climate adaptability have allowed 
crops to grow bigger and more rapidly, but their ability to man-
ufacture or uptake nutrients has not kept pace with their rapid 
growth. ~ American biochemist Donald Davis 

Phytonutrients are a vast array of compounds – over 

25,000 – that confer health benefits. These crucial phyto-

chemicals typically have a bitter taste, so growers select va-

rieties that are sweeter but less nutritious. 

Grapefruit exemplify. In 1985, Florida – the grapefruit 

capital of North America – produced 27 million boxes of white 
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grapefruit, and 23 million boxes of the colored varieties. To-

day, Florida growers ship twice as many red and pink grape-

fruit as they do white ones. 

White grapefruit is high in naringin, a bitter phytonutri-

ent with anti-inflammatory, anti-ulcer, and anti-cancer prop-

erties. Pink and red grapefruit achieve their sweetness in 

large part by having substantially less naringin. 

Eating fruits and vegetables without phytochemicals would 
be analogous to drinking the empty calories of a can of soda.  
~ American nutritional biochemist Jed Fahey 

 Genetically Modified Organisms  

Gene editing is super-powerful, but so far a lot of trial and 
error. The way it works has been a black box with a lot of as-
sumptions. ~ American molecular biologist Jacob Corn in 2018 

Genetics as a science dealing with the principle of hered-

ity and variation emerged at the beginning of the 20th cen-

tury. Its application to practical problems came decades 

later; but ignorance of genetics had not been a detriment to 

breeding advances. American horticulturist Luther Burbank 

had impressive success with varieties of vegetables and fruits 

without any knowledge of genetic principles. 

New biotech crops will not solve industrial agriculture's prob-
lems, but will compound them, and consolidate control of the 
world's food supply in the hands of a few large corporations.  
~ Andrew Kimbrell 

Genetics has not been a godsend to agriculture: to the con-

trary. The application of genetics to food production has had 

negative environmental and health impacts. The ability to 

play God with Nature does not bode well when profit is the 

sole motivation. 

A lot of naïve science has been involved in pushing this tech-
nology. 30 years ago we didn't know that when you throw any 
gene into a different genome, the genome reacts to it. But now 
anyone in this field knows the genome is not a static environ-
ment. Inserted genes can be transformed by several different 
means, and it can happen generations later. ~ American cytol-
ogist David Williams in 2013 
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A genetically modified organism (GMO) is any organism, 

whether microbe, plant, or animal, whose genetic material 

has been directly manipulated via human engineering. The 

term transgenic is also used to refer organisms subjected to 

such artificial mutations. GMOs became controversial be-

cause of artificial genetic insertions into food crops.  

By selecting various strains of plants and breeds of ani-

mals as livestock, humans have been making indirect genetic 

selections since the dawn of agriculture. Almost all crops har-

vested today descended from ancestors that were much dif-

ferent.  

Carrots were originally pale or purple, not the orange as 

we know them. Sweet potatoes were bred 8,000 years ago out 

of the swollen tubers of regular potato roots. They did not ex-

ist before human tinkering.  

GMOs represent more than simply the next step in agri-

cultural advance. The momentous distinction is in directly 

inserting an artificial gene which otherwise would not be 

there. It is the unnaturalness that has been unsettling to 

some. 

The first genetic tinkering was on E. coli bacteria in 1973. 

That was just the GMO jumping-off point to a focus on agri-

culture and food production. 

Antibiotic-resistant GM tobacco was developed in 1982. 

Tobacco plants were then engineered for herbicide resistance 

in 1986.  

In 1987, tobacco plants were stuffed with genetic material 

that the soil-dwelling bacterium Bacillus thuringiensis (Bt) 

uses to produce insecticidal proteins. Other Bt crops followed, 

including potatoes, cotton, and corn: food with biocides built 

in. 

E. coli bacteria engineered to make the enzyme chymosin 

were the first GMO food product approved by the FDA. Chy-

mosin is widely used as a ripening agent in the production of 

cheese.  

Prior to employing GMO bacteria as a source, chymosin 

was harvested from the stomachs of butchered nursing calves 
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as a by-product of the veal industry. Now 80% of the hard 

cheeses sold in the US are made via GM chymosin. 

The first commercial foray in genetic produce was the 

Flavr Savr tomato. The result was a tomato with a long shelf 

life but unappealing taste. The Flavr Savr was in supermar-

ket bins for only 3 years in the mid-1990s before its disap-

pearance, at a net loss of tens of millions of dollars to its 

developer. 

 Glyphosate  

Glyphosate is virtually ideal: a highly effective broad-spec-
trum herbicide, yet very toxicologically and environmentally 
safe. ~ US government herbicide researcher Stephen Duke & 
Australian herbicide researcher Stephen Powles 

The greatest reaping of GMO profits has come from ge-

netically engineering food crops to withstand the application 

of the herbicide glyphosate. 

Glyphosate was first synthesized in 1950 by Swiss chem-

ist Henry Martin. Corporate chemists at Monsanto rediscov-

ered the compound in 1970, which it markets as Roundup®. 

Glyphosate adsorbs strongly to soil and is degraded by 

microbes there. Its half-life in water is almost a half-year. 

Vegetables grown under its application, including root vege-

tables, are invariably laden with the herbicide.  

The landscape-scale application of large quantities of pesti-
cides has negative consequences that are often hard to predict. 
~ Dave Goulson 

Though supposedly just an herbicide, insect pollinators of 

glyphosate crops are poisoned, as their gut flora are devas-

tated by exposure to the chemical. 

Exposing bees to glyphosate alters the bee gut community 
and increases susceptibility to infection by opportunistic patho-
gens. ~ American evolutionary biologist Nancy Moran et al 

The use of glyphosate combined with the dominance of ge-
netically engineered crops has produced a looming public 
health threat both in the US and around the world. ~ American 
biologist and ecologist Mary Ellen Kustin 
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Internal emails reveal that Monsanto paid academics to 

sign off on reports ghostwritten by the company. 

… us doing the writing and they would just edit and sign their 

names…. ~ Monsanto executive William Heydens 

Government regulators and other researchers, funded by 

industry, examined glyphosate for animal safety by testing 

only the compound itself, not the toxic cocktail into which 

glyphosate is mixed to make the weed killer that is used. 

Thus, the product's mutagenic and carcinogenic properties, 

as well as other detrimental effects on the body, were over-

looked. 

Monsanto specifically went out of its way to bully and to fight 
independent researchers. They fought science. ~ American at-
torney Brent Wisner, after reviewing Monsanto internal emails 

Herbicides are not designed to affect animals, but we are 
learning that they can have a wide range of surprising effects by 
altering how hormones work in the bodies of animals. ~ Amer-
ican biologist Rick Relyea 

Prior to the introduction of genetically modified foods, very 
few people had detectable levels of glyphosate. Our exposure 
to these chemicals has increased significantly over the years, but 
most people are unaware that they are consuming them through 
their diet. ~ American physician Paul Mills 

To develop crops resilient to glyphosate, genetic material 

was taken from bacteria resistant to glyphosate, then in-

serted into target plants. Monsanto genetically engineered 

soybeans, then corn, canola, alfalfa, cotton, sorghum, and 

wheat. GM seeds are sold at a premium price by Monsanto 

under restrictive licenses using the trade name Roundup-

Ready. 

Farmers have sprayed billions of pounds of a chemical now 
considered a probable human carcinogen over the past decade. 
Spraying has increased to multiple times a year recently on the 
majority of US cropland. The sheer volume of use of this toxic 
weedkiller is a clear indication that this chemical dependency 
is a case of farming gone wrong. ~ Mary Ellen Kustin 
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The widespread use of glyphosate accelerated the ability 

of weeds to resist the herbicide. This was countered by farm-

ers using even more Roundup, which exacerbated the prob-

lem. 

Resistance problems result from overuse and mismanage-

ment. ~ American botanist Carol Mallory-Smith 

 Dicamba  
We're on a road to nowhere. People are using ever-more 

complicated combinations of poisons on crops, with ever-more 
complex consequences. ~ American environmental biologist 
Nathan Donley 

Weeds getting the upper hand on Roundup had Monsanto 

roll out a more deadly, broad-spectrum herbicide: dicamba. 

Dicamba is highly volatile: vaporizing from treated fields and 

spreading to neighboring crops, where it indiscriminately 

kills.* 

Monsanto did very little volatility field work. ~ American 

agronomist Jason Norsworthy 

Monsanto sells soybeans which are dicamba-resistant, 

having been genetically modified to survive the chemical on-

slaught. Regular soybeans readily succumb to dicamba. In 

2016, ~5% of the American soybean crop (1.3 million hec-

tares) was destroyed or damaged by dicamba. 

Dicamba is not manageable. ~ American agronomist Bob 

Hartzler 

 

Though Monsanto has the lion's share of the weed-and-

seed market, DuPont, Syngenta, Bayer CropScience, Dow 

Chemical, and BASF are also major sellers. The worldwide 

chemicals industry underwent consolidation in the mid-

2110s as profit margins shrank, most notably for chemicals 

 
* Dicamba has been known for decades. Because of its volatility, 

dicamba was historically used to kill weeds prior to planting crops 

months later. 
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used in the agricultural sector. This is just one of innumera-

ble examples of the natural trend toward oligopolization un-

der modern capitalism. 

Monsanto's wish to commercialize GM wheat withered 

with outcry from international buyers who threatened to boy-

cott US wheat exports if the product was introduced.  

In 2014, 1.6 billion hectares worldwide were under culti-

vation. 11.3% of that acreage – 181.5 million hectares – grew 

GM crops; 50% of which were soybeans, and 30% GM corn. 

Cotton came in 3rd at 14%. 

 Non-GMO GMO  

A plant that includes a gene or genes from another organism, 
such as bacteria, is considered a GMO. ~ Chinese botanist Yi 
Li 

Genome editing involves using bacterial gene segments – 

called CRISPR – to introduce foreign genes, or to modify ex-

isting genes. 

CRISPR was adapted from the defense systems of bacteria. 
These bacterial CRISPR systems have been modified to edit the 
DNA of plants, animals, human cells, and microorganisms.  
~ Yi Li 

Because CRISPR makes it easier to edit the genome of a 

targeted organism, it has become the ubiquitous technique 

for genetic modification. 

Whereas the definition of genetic modification is straight-

forward, the American government decided to split imagi-

nary hairs and declare genetically modified organisms as 

non-GMO. On 28 March 2018, the USDA stated that it did 

not consider plants modified by "genome editing" to be GMO. 

USDA does not regulate or have any plans to regulate plants 
developed through genome editing. ~ USDA (28 March 2018) 

 Safety  

Genetic manipulation of the food supply has been like 

that of a pyromaniac having found a box of matches. No hu-

man attempts at altering Nature have ever gone without un-

expected consequences.  
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Pesticides, and even synthetic fertilizers, are excellent ex-

amples. Chemists did not anticipate the biological and envi-

ronmental damage that they had brewed and set loose. It 

took decades to discover their folly.  

In the US, 33% of all drugs approved by the FDA are later 

found unsafe. Commercial and public service chemists are 

unable to establish safety for chemical compounds explicitly 

and extensively tested for their health effects. 

In creating genetically modified organisms, geneticists 

have been proceeding with much less surety in their founda-

tion of comprehension than those chemists did. 

To date, all genetic modifications have been to introduce 

a single gene package into an organism. Geneticists know 

next-to-nothing about the functional interrelationships be-

tween genes, or even the dynamics within a single gene com-

plex. What is being discovered is that genes have intricate, 

unexpected relationships. 

Even more damning is that geneticists understand little 

about genomes, period. Genetic modification efforts to manip-

ulate insect pests have failed. 

Small genetic variations within species can seriously impact 
the effectiveness of attempts using genetic technology. ~ Amer-
ican biologist Michael Wade 

Due appreciation of the importance of epigenetics – intri-

cate changes in the employment of genes – is recent and re-

mains a crucial variable outside geneticists' control. 

All mechanisms are interrelated. Epigenetics are responsible 
for a considerable part of the phenotype of complex organisms. 
~ American molecular biologist Gary Felsenfeld 

Moreover, geneticists do not know how microbiomes work 

with host cells, and how those interactions affect the host ge-

nome. Healthy microbiomes are essential to the lives of mac-

roscopic animals. Artificial genetic modifications necessarily 

involve setting off dynamics with unknown consequences. 

It is known that gene editing is a stress which may cause 

cells to reject the injected mutagens. As CRISPR is derived 

from bacteria, immune systems may attack gene edits as for-

eign agents. 
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Accurate gene editing is problematic. Edits may target 

the wrong sites. Even if properly placed, a gene edit can affect 

DNA in a distant location via unknown interactions. CRISPR 

can cause large chunks of the chromosome to rearrange itself. 

CRISPR editing works more efficiently in cancer cells 

than normal cells, which rightly resist the interference. Ge-

neticists have yet to discover that gene editing incites cancer 

in animals, but such a finding would be unsurprising given 

its disruption. 

That genetic manipulation would somehow be exempt 

from negative environmental side effects is unimaginable. 

That does not matter. Proceeding with speculative ventures 

is a sine qua non of human behavior – economists celebrate 

risk-taking exuberance as entrepreneurship. The point is that 

profiteers simply don't care about anything but profiteering 

– genetics may be complex, but commercial motivation is 

quite simple. As the touted technological edge in industrial-

ized agriculture, GMOs benefit the promoting chemical com-

panies and food producers rather than consumers, who pay 

whatever the costs turn out to be.  

Herbicide-resistant GM strains have engendered exces-

sive use of herbicides – a known peril over an unknown peril. 

Evolutionary reaction by the weeds under threat ensures 

that the war will only escalate. 

Strong selection pressure exists for the evolution of glypho-
sate-resistant weeds because management tactics vary so little 
between crops. ~ US National Research Council 

Conversely, Bt GMO has facilitated using fewer pesti-

cides. Less spraying has allowed arthropod predators to sur-

vive, thus affording natural pest control that otherwise would 

not be available. Meanwhile, consumers eat the toxins ge-

neticists build into the food crops. 

 Tapioca Debacle  

Mosaic viruses cause damaging diseases in several important 
crops. ~ Swiss botanist Hervé Vanderschuren 

The cassava plant, also called manioc or yuca, is a staple 

root vegetable crop for its tuberous starch: tapioca. Cassava 
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is subject to the mosaic virus, which retards growth and re-

duces yield. 

Geneticists used CRISPR to try to make manioc resistant 

to the virus. The attempt failed spectacularly: provoking the 

virus to sharpen its virulence. 

CRISPR applied to the virus encouraged it to evolve in a way 
that increased resistance to intervention. ~ Indian geneticist 
Devang Mehta 

 

GMO is certainly an uncontrolled experiment in genetic 

drift, as artificial modifications inevitably make their way to 

other plants, animals, and microbes. Transgenic traits 

spread through populations that sexually reproduce, such as 

with flowering plants and animals.  

To say that genes don't cross the species barrier in Nature, 
that's just simple ignorance. ~ American plant geneticist Alan 
McHugen 

Genetic engineering is like letting an unknown genie out 

of the bottle. All outcomes propagate.  

Any GM aimed at targeted pests has a limited lifespan, 

as adaptive evolution weighs in to grace the besieged with 

survival. How such evolutionary gyres may play out is un-

known. 

After 3 decades, it may be too soon to adjudge the long-

term environmental consequences of this unnatural natural-

ization. But the health implications of GMO are not san-

guine, despite innumerable studies which spuriously contend 

that GM foods are safe. These studies universally rely upon 

phony statistics which confuse correlation with causation, 

and that is after positing statistically specious premises. 

Italian biotechnologist Alessandro Nicolia and associates 

published in 2013 a meta-review of the previous decade of 

GMO research, including 770 studies which related to animal 

safety. 

So far, there is no reason for concern. ~ Alessandro Nicolia 

Such confidence is false. Meta-studies are simply compi-

lations of studies: an abuse of statistics in which addition 
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cannot yield a clearer result; nor can statistics ever assign 

causality (only correlation). 

Despite the mountain of studies and assurances, suspi-

cion lingers, as most research is funded by interests disposed 

to deploying genetic modifications. 

Whether it's conscious or not, it's in their interest to promote 

this field, and they're not objective. ~ David Williams 

For instance, Nicolia's team was unscientifically biased, 

as evidenced by their celebratory tone of GMO. 

The technology to produce genetically engineered (GE) 
plants is celebrating its 30th anniversary and one of the major 
achievements has been the development of GE crops. ~ Ales-
sandro Nicolia et al 

Suspected bias has spelled continuing concern; with good 

reason. The data about GMO is invariably subject to inter-

pretation. 

Several animal studies indicate serious health risks associated 
with GM food. Genetically modified foods pose a threat to con-
sumers' health. ~ American physician Amy Dean, American 
Academy of Environmental Medicine 

The heavy-duty herbicides sprayed onto and pesticides 

built into GM crops are ingested by consumers. There is no 

disputing that these are toxins, not food, fed directly to the 

gut microbiome: the little ones responsible for digesting our 

food. No testing has been done on how GM food affects human 

gut flora. Results to date have been damning to GMO advo-

cates.  

Various health ills have been attributed to eating the pro-

duce of GM crops. The most common complaint is allergic re-

action: a sure sign of bodily rejection. Numerous animal 

studies and events indicate that consuming, or even being 

near, GM crops can be bad for one's health. 

Long-term health effects can be subtle, and nearly impos-

sible to link to specific environmental changes. Scientists 

have long believed that cancers and many other debilitating 

diseases, such as Alzheimer's, are more than mere genetic 

destinies. Instead, they have ecological components which of-

ten have been devilishly difficult to spot. 
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You'd certainly find out if the result is that the plant doesn't 
grow very well. But will you find the change if it results in the 
production of proteins with long-term effects on the health of 
the people eating it? ~ David Williams 

Beyond bias, a primary problem with GMO is inadequate 

testing. Bt is exemplary. 

Documenting the full range of impacts on the environment 
and public health associated with Bt plants remains a challeng-
ing and largely ignored task. ~ American agricultural econo-
mist Charles Benbrook 

Bacillus thuringiensis (Bt) stores multiple toxic proteins. 

The Bt DNA sequences inserted into transgenic crops are al-

tered from their natural state to make insecticidal action 

more vigorous. In many instances, the amino acid sequence 

of the toxin is altered to make the compound more soluble in 

a plant cell. As these are unnatural genes, GM plants have 

no adaptation for mitigating introduction of this DNA into 

their cells. These essentially parasitic genes alter plant 

growth to include generating alien proteins that do nothing 

but be toxic. 

Tests related to Bt crops in North America have been 

done on the toxicity to mammals of the natural Bt toxins, but 

not on the synthetic genes in GM crops. Regulators naïvely 

allowed the assumption that the 2 were the same. 

As the different Bt toxins invoke their own individual ac-

tions on animal cells, that assumption is ill-founded. Studies 

show retention of Bt toxins in the body of animals that con-

sume Bt food crops, and cellular damage to mammals from 

certain Bt toxins produced in transgenic plants. 

GM crops are the insidious introduction of poison into 

food. To pretend that such practice can be healthy for food 

consumers is absurd. One thing is certain about GM crops: 

they do nothing to improve yields. Genetic modification has 

proven a waste of resources as well as a peril. 

 Food Irradiation  
Investigation into applications of radioactivity began at 

the end of the 19th century. Patents for ionizing radiation to 
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kill bacteria in foods were granted in the US and UK in the 

1st decade of the 20th century.  

Interest in irradiating foods spiked immediately after 

World War 2, when researchers found that meat and other 

foods could be sterilized by high-energy ionization. The pro-

cess was viewed favorably as a way to preserve food for mili-

tary troops in the field. 

To establish the safety and effectiveness of irradiation, 

the US Army experimented in the 1950s. At the behest of the 

army, the FDA approved in 1963 the irradiated bacon that 

became a staple of the military diet.  

Then it came to light that lab animals fed irradiated food 

suffered numerous health problems and early death. In 1968, 

the FDA rescinded the army's permission to serve irradiated 

bacon to its personnel. Nonetheless, on the heels of funding 

and promotion by the federal government at the behest of the 

food industry, irradiation become largely accepted by the 

mid-1980s. The FDA gave permission to irradiate the US food 

supply in 1986.  

Irradiated food in the US is supposed to be sig-

nified by the symbol shown, but the labeling is of-

ten remiss. 

Today, globalized food producers widely use irradiation 

on fruits and vegetables because it increases shelf life. Most 

meat products are irradiated as a sanitation shortcut. 

 

Radiation is one of the more destructive forces in Nature. 
Doses powerful enough to kill living organisms are also power-
ful enough to fundamentally alter the food itself. ~ Wenonah 
Hauter 

Irradiation damages food by tearing molecules asunder 

and creating free radicals. The ionization and free radicals 

kill some bacteria, but they also damage vitamins and en-

zymes in the food, and combine with existing chemicals, par-

ticularly pesticides, to form new compounds, some of which 

are known toxins. 

Even the earliest experiments on food irradiation showed 

an inherent loss of nutritional value, especially vitamins. Ir-

radiation damages the natural digestive enzymes found in 
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raw foods, which means the body's gut flora have to work 

harder to digest them, furthering nutritional loss. 

The longest study on the long-term health effects of irra-

diated foods has been 15 weeks. The FDA based its approval 

of irradiation on short-term small-scale tests coupled to the-

oretical calculations. 

No studies have been done on the most vulnerable seg-

ment of the population: children. As aforementioned, studies 

on other mammals show ill effects. 

Most importantly, the effectiveness of irradiation is prob-

lematic. Because irradiation fails to deliver a lethal dose to 

all the microbes in food, whatever pathogens survive are all 

hardier for the experience. Hence, irradiation may actually 

engender what it aims to eliminate. 

 Organic Farming  

In a sad twist of fate, the type of agriculture that our great-
grandparents practiced is more expensive today than chemical-
intensive agriculture. ~ Wenonah Hauter 

The term organic is a political label attached to foods pro-

duced in a manner consistent with government guidelines. 

Owing to the onerous paperwork requirements, these guide-

lines were designed to exclude small farmers, and give large 

concerns an advantage in sourcing products anywhere in the 

world where they are the cheapest to produce. Most of the 

organic brands on supermarket shelves are ultimately from 

a small group of conventional food processors. 

The parent companies of organic brands rarely use their name 
in advertising their organic subsidiary. As expert marketers, the 
giant food corporations understand that organic customers do 
not trust them; and for good cause. ~ Wenonah Hauter 

In the US, the government is a patsy for the large food 

corporations who successfully lobbied to mock the meaning of 

the term organic. 

In a back-room deal, the Organic Trade Association lobbied 
Congress to legalize the adulteration of organic food with basi-
cally any toxic additive a manufacturer may want to use, includ-
ing substances that do not need to appear on ingredient panels. 
~ American organic food producer Eden Foods 
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The US government has approved antibiotics, pesticides, 

and synthetic fertilizers for organic food production. Artificial 

additives are allowed in organic foods. In short, products la-

beled as organic are not necessarily produced under natural 

conditions: that is, free of the artifices of chemists. 

Despite flaws, an ordained organic has been important in 

providing customers with a labeled alternative to foods pro-

duced using unregulated levels of pesticides and other utterly 

perilous practices. 

 Livestock  

But for the sake of some little mouthful of flesh, we deprive a 
soul of the sun, and light, and of that proportion of life and time 
they had been born into the world to enjoy. ~ 1st-century 
Greek historian Plutarch 

People are much bigger meat eaters than the apes they 

descended from. The modern age has brought industrial pro-

duction techniques to satisfying the human hunger for ani-

mal flesh. 

Worldwide, over 70 billion farm animals are reared for 

food every year. This tally continues to grow.  

1/3rd of the world's arable land is dedicated to feeding 

livestock. Livestock take up 26% of Earth's ice-free surface. 

In 1950, each American consumed, on average, 9.5 kilos 

of chicken in 1950. 616,000 chickens were eaten. In 2000, 

Americans ate 8 billion chickens: 34.9 kilos per person – 3.6 

times more chicken per person than in 1950.  

Dogs, cats, and other pets eat ~30% of meat consumed in 

the US. 

The world's increasing appetite for animal food products of 
all kinds – pork, dairy, beef, poultry, and eggs – is placing un-
sustainable pressures on the planet's ecosystems. ~ American 
environmental scientist Daniel Imhoff 

Livestock in the US generate 3 times more raw waste 

than the human population. Runoff from factory farms pol-

lutes the water supply more than all other industrial sources 

combined (fossil fuel extraction aside). 
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Producing poultry, pork, eggs, and dairy are 2–6 times 

less efficient, per consumed calorie, than growing potatoes or 

grains. But these are minor league compared to red meat. 

Putting steak on the table is environmentally extrava-

gant. It takes 16 pounds of grain to produce 1 pound of beef.  

In the current US regime, producing beef uses 28 times 

more land, 11 times more water, and 6 times the fertilizer of 

other livestock. 58% of American dietary meat is red meat. 

Cattle ranching also generates 5 times more greenhouse 

gas emissions, as cow flatuses are methane laden. All told, 

livestock produce ~35% of the world's methane emissions. 

Huge cesspools of animal feces and urine also emit copious 

volumes of ammonia and hydrogen sulfide. 

The egregious environmental impact of raising beef cattle 

versus poultry and swine obscures other ills, notably the 

treatment of the animals bound for consumption. Animal 

welfare is incidental to meat-growing operations, which aim 

solely at profit.  

In most factory farms, animals subsist in filthy, cramped 

and often windowless environments, commonly confined in 

cages and steel-bar crates. They get no exercise, and do not 

have fresh air to breathe, owing to their packed and putrid 

living conditions. Many farms liberally spray pesticides to 

prevent sickness. 

Livestock abuse has a long history. In 16th-century Eng-

land, pigs were sometimes kept in conditions so cramped that 

they could not turn around. Robert Southwell, a large Eng-

lish landowner, marveled at a "new invention of an ox-house, 

where the cattle are to eat and drink in the same crib and not 

stir until they be fitted for the slaughter." 

For centuries, poultry and game were keep in the dark, 

with their feet nailed to the floor or cut off, as it was thought 

this made their meat more tender. In France to this day, 

geese are force-fed to produce foie gras. 

The principle of confinement in so-called animal science is 
derived from the industrial version of efficiency. The designers 
of animal factories appear to have had in mind the example of 
concentration camps or prisons, the aim of which is to house 
and feed the greatest numbers in the smallest space at the least 
expense of money, labor, and attention. ~ Wendell Berry 
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All this cruelty is generously subsidized. European gov-

ernments pay livestock owners more to keep their cows per 

day than what half of the world's population lives on. 

 

Livestock are given growth hormones to maximize size 

and turnover, and copious antibiotics to ward off the epidem-

ics which would arise otherwise rage from such squeezed 

squalor. In some countries, 80% of antibiotic use is on farm 

animals, not people. In all countries with industrialized agri-

culture, even those where growth hormones are banned, 

more antibiotics on are used on livestock than by people. An-

imals treated with antibiotics develop bacteria resistant to 

the drugs, and pass these microbes directly to humans, 

through food and contact with farm workers. 

The volume of antibiotics used in animals is continuing to 
increase worldwide, driven by a growing demand for foods of 
animal origin, often produced through intensive animal hus-
bandry. ~ Japanese physician Kazuaki Miyagishima in 2017 

 

Eating meat is itself unhealthy, and especially so in light 

of livestock being dosed with antibiotics and growth hor-

mones. On top of that, contamination at meat processing 

plants is long-standing and ongoing. A 2018 study found that 

60% of British meat factories had poor hygienic practices. 

 Chickens  

The common chicken is a subspecies of the 

Red Junglefowl, which was domesticated 5,000 

years ago in Asia, then taken around the world 

for its eggs and meat. 

Chickens are no dumb chicks. Their com-

munication skills are on par with primates. 

Fowl employ sophisticated sounds and gestures 

to convey their intentions. 

Sociality necessitates considerable intelligence. Chickens 

are gregarious. Roosters and hens have their own social hier-

archies: the proverbial pecking order. 
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A chicken takes account of its experiences and knowledge 

in making a decision. Chickens can solve complex problems. 

They empathize with individuals in danger, indicating theory 

of mind (understanding that others have minds which are 

different than their own). 

 

Over 90% of the land animals consumed by Americans are 

chickens. 9 billion chickens are eaten in the US each year. 

Over 260 billion chicken eggs are consumed by Americans per 

annum.  

95% of all laying hens in the US live packed in small 

cages, stacked several tiers high in long rows, inside huge 

windowless buildings. They are afforded no natural behav-

iors. Unlike their wily wild cousins, industrial chickens are 

typically zombified.  

To avoid chickens caged together from pecking each 

other, their beaks are cut off or burned. To prevent disease 

epidemics amid the squalor that are industrial chicken pens, 

antibiotics are pumped into the chickens. 

Chickens have a natural lifespan of over a decade. Indus-

trial (egg) laying hens are exhausted by the time they are 2 

years old. Spent hens are slaughtered. 

In the 1940s, the US government ran a series of competi-

tions for farmers to breed the "Chicken of Tomorrow." The 

aim was to produce "one bird chunky enough for the whole 

family – chicken with breast meat so thick you could carve it 

into steaks, with drumsticks that contain a minimum of bone 

buried in layers of juicy dark meat." 

Broiler Chicken Weight (at 56 days) 

1.8 kg 
0.9 kg 

4.2 kg 

until 1957 1978 2005 
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Via selective breeding and drugs, chickens grown for con-

sumption (broilers) are oversized physical wreaks: 90% have 

leg problems and structural deformities. Over 25% suffer 

chronic pain from bone disease.  

The University of Arkansas poultry science department 

reported that if people grew like industrial chickens, "we'd 

weight 349 pounds by our 2nd birthday." 

From beginning to end, the entire process is filled with pain 
and suffering. ~ US Humane Society on industrial chicken life 

On the disassembly line to their demise, live broilers are 

hung upside down via shackled legs. Their heads are dipped 

in electrified water to stun them before their throats are slit. 

Electric stunning has been found to be ineffective in consist-
ently inducing unconsciousness. ~ US Humane Society 

There are no American federal rules for the humane 

treatment of animals. Ignorant chicken eaters don't care. 

They just want cheap meat. 

To compensate for the unsanitary conditions on US poul-

try farms, American chicken meat is washed in chlorine. The 

European Union banned the importation of this tainted meat 

in 1997. 

 Pigs  

Pigs are cognitively complex. ~ American behavioral zoolo-
gist Lori Marino & American-English zoologist Christina Colvin 

Domestic pigs descended from 

wild boars: a gregarious species first 

domesticated in the Near East 9,000 

years ago.  

Domestication was not difficult. 

Drawn to feeding on human scraps, 

all it took to pen pigs was to put a fence around people's 

leftovers. Selective breeding took some of the feistiness while 

favoring plumper pigs.  

That swine are savvy is indisputable. These highly social 

creatures can solve complex problems at least as well as 

chimps, are playful and empathic, have excellent memories, 
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and share the emotional range common to humans, other 

mammals, and birds.  

Pigs really are rather clever. ~ English evolutionary psy-

chologist Richard Byrne 

Though taboo in the Middle East and Muslim world, pork 

is the most widely eaten meat: over 1 billion pigs are slaugh-

tered worldwide every year. Americans consume 120 million 

of them. The US is 3rd in global porcine production, following 

Brazil and China, which slaughters 500 million pigs annu-

ally. 

97% of American swine are kept in cruel industrial pens. 

This kills over 10% of the pigs before they can be slaughtered 

for food. 

Per-capita pig consumption in China every year is 39 kil-

ograms; about 1/3rd of a hog. Americans belly up to 27 kg per 

person per year. 

Pigs have long been at the center of Chinese culture, cui-

sine, and family life. Pork is the country's main meat. The 

Chinese eat the whole hog; everything from trotter to tail. 

The Chinese character for family is a pig under a 

roof. Meat and pork are the same word in Mandarin. 

Into the 1980s, every rural home in China had a hog. Pigs 

were part of the household recycling system. They consumed 

otherwise inedible waste and were valued for their manure. 

Following a fatal outbreak of porcine blue-ear disease in 

2006 that killed millions of pigs and sent pork prices skyrock-

eting, China set up a strategic national pork reserve of frozen 

pork and live pigs. China's pig production has become almost 

as industrialized as America's, with dismal confines for por-

cine. 

 Cattle  

Cattle are one of the oldest forms of wealth, and their rus-

tling one the earliest forms of larceny. 

Cattle are classified as a single species in the genus Bos, 

with 3 subspecies which may interbreed. Hybridization with 

closely related species is also possible, though not with more 

distantly related bovines, such as the Asian water buffalo or 

American buffalo. 
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There were 1.5 billion cattle in the 

world in 2015, taking up 25% of global 

landmass, and consuming enough grain 

to feed many millions of people. 35% of 

global cattle were in Asia, 23% in South 

America, 17% in Africa, 12% in North 

America, 10% in Europe, and 3% in Australia and Oceania. 

Cattle are kept for their meat and milk; exclusively so in 

the Americas. In the aftermath, their hides render leather.  

In the East, cattle are principally employed as draft ani-

mals; meat and milk are secondary. 

The central fact of Hinduism is cow protection. ~ Indian po-
litical leader Mahatma Gandhi 

Cattle are considered sacred in a few religions, most no-

tably Indian Hinduism. Religious sects in ancient Egypt, 

Greece, Israel, and Rome held similar beliefs. In poor coun-

tries, cattle dung is used as fuel as well as manure. 

Cattle are not in the intellectual league of pigs or poultry, 

but they are not the dumb animals commonly presumed. 

Cows are quite gregarious and possess multi-dimensional 

personalities. Strong-willed individuals, cattle are good 

judges of character: of other cows, and of people.  

When at liberty, cattle form intense friendships. Cows 

talk among themselves, invent games, babysit, forecast the 

weather, and know how to open closed gates.  

Unsurprisingly, cattle remember the best grazing spots. 

When feeling poorly, cows eat the medicinal plants they need 

for remedy.  

Even short-term isolation is extremely stressful to a cow. 

Temperament and level of stress affect milk yield and meat 

quality. 

Unlike other industrial livestock, cattle are sometimes al-

lowed to graze on open land, particularly when farmers are 

attempting to raise quality milk or meat. More often, cattle 

experience the industrial norm: living in filthy, overcrowded 

sheds or lots.  

For a dairy cow to continually produce milk, she must be 

repeatedly impregnated. (Like other mammals, cows only 

lactate for offspring.) A newborn calf is taken from its mother 
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so that the mother's milk can be sold. If the calf is a male, he 

is sent to a veal farm to suffer an excruciating, abbreviated 

life. A female calf is the nothing more than the next genera-

tion of milk machine. 

Constantly giving birth takes its toll. A cow might natu-

rally live to 20 years, but one in the dairy business only lasts 

around 4 years. Once a cow is considered "spent," it is sent to 

slaughter, where it is transformed into ground beef. 

 Veal  

Veal is the flesh of a slaughtered calf. Prized for its ten-

derness, veal is expensive compared to other meats. 

A healthy calf has well developed, oxygenated muscles. 

Its veal would have an undesirable elasticity. So, calves des-

tined to become veal are depravedly deprived of proper nutri-

tion and development before being slaughtered at a tender 

age.  

Male offspring of dairy cows, never able to yield milk, are 

caged tightly in crates, unable to move. Most of the time they 

are chained to prevent them from standing up. Thus their 

muscles cannot be exercised. 

Rather than being fed mother's milk, newborn males are 

given synthetic food that leaves them anemic, and so with 

tender flesh. A short life filled with incessant suffering pro-

duces the tastiest veal. 

 

 New Zealand Cow Seep  

Dairy cows were introduced into New Zealand in the early 

19th century. Growth in dairy farming was modest until after 

World War 2. In the 21st century, accelerating production ac-

companied oligopolization of the local diary industry. Some 

6.6 million cattle are now squeezed into a country with 4.7 

million people, transforming the landscape made famous in 

the Lord of the Rings films into a country of cattle. 

Water in most of New Zealand used to be clean enough to 

drink with minimal treatment. No longer. Cow wastes have 

polluted New Zealand's water supply to a dangerous level, as 
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well as damaging the native flora and fauna. Over 70% of na-

tive freshwater fish are threatened with extinction. 

Water pollution will only get worse. It can take decades 

for pollutants to move through groundwater and emerge in 

lakes. 

New Zealand is a rainy place, but rivers have shriveled, 

and groundwater levels fallen in cow-intensive areas. 2,000 

of the thirstiest dairies consume as much water as 60 million 

people would: equivalent to the combined populations of Lon-

don, New York, Tokyo, Los Angeles, and Rio de Janeiro. 

The ever-increasing cattle population is wreaking havoc on 
Earth's ecosystems. Cattle raising is a primary factor in the de-
struction of the world's remaining tropical rain forests. Cattle 
herding is responsible for much of the spreading desertification. 
Organic runoff from feedlots is a major source of groundwater 
pollution. ~ American economist Jeremy Rifkin 

 

The prices of supermarket foods produced using industri-

alized methods represent a fraction of their costs. These costs 

are uncaptured externalities for polluted water, land, and 

air, all of which have health impacts on humans and wildlife. 

In this, food production is no different than other forms of 

industrialization: all have had a cost far exceeding market 

price or benefit for individuals, societies, or life on Earth. 

 The Future of Food  

We will not end hunger. ~ United Nations in 2017 

Based upon current population growth projections, from 

2015 to 2050, world food production will need to increase 

some 60%. This is unlikely to happen. 

Despite the increase in investment in agricultural R&D, the 
relative rate of yield gain for the major food crops has de-
creased. ~ Argentinian American agronomist Patricio Grassini 
et al 

Already, the number of people in the world that cannot 

get enough to eat is rising, reaching 815 million in 2016: 11% 

of the global population. 
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Agriculture accounts for 70% of global water demand. In 

the decades to come, there won't be enough water for the 

crops. 

Productivity going up is improbable. Indications through-

out much of the world are of crop yield plateaus or abrupt 

decreases. Climate change has already hurt food production. 

Reducing waste is the best prospect for getting more food 

out of the current regime. Alas, efficiency is not a human 

forte, and the commercial food system is unlikely to much 

change its ways without government intervention that is 

both improbable and doubtful in its ability to attain an effi-

cacious outcome. 

Deforestation has already decimated biomes across the 

planet. Furthering this trend to bring vast tracts of new land 

under cultivation is more likely to accelerate the extinction 

event already well underway than it is to feed a ravenous hu-

manity. Accelerating climate change is a surefire formula for 

decreasing crop yields, regardless of acreage. 

A very real and devasting food crisis is looming on the hori-
zon. ~ American agronomist Craig Idso in 2011 

 Population  
 There was a time when the countless tribes of men, though 

wide-dispersed, oppressed the surface of the deep-bosomed 
Earth. ~ 7th-century-BCE Greek poet Stasinos 

 Setting aside for the moment the environmental havoc 

humans are so prone to, or the pollution they so effusively 

spew, their very existence in such large herds disbursed all 

over the Earth alone would have had a profound impact on 

the entire planet, even if their sense of "environmentalism" 

had been impeccable.  

In a Malthusian manner, the herds were long kept in rel-

ative check by limits on agricultural productivity. This did 

not keep observant men from presciently fretting over human 

breeding proclivity. 

 The strongest witness is the vast population of the Earth to 
which we are a burden, and she scarcely can provide for our 
needs. ~ Tertullian in the 3rd century 
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The dam to Malthusian population explosion broke by ac-

cumulative technological advance. World population mush-

roomed from under 700 million in 1700 to 7 billion in 2011.  

 Population, when unchecked, 
increases in a geometrical ratio. 
Subsistence only increases in an 
arithmetical ratio. ~ Thomas 
Malthus 

From 1700 to 1900, Europe’s 

population more than tripled: 

from about 100 million to over 

400 million. Europe had 36% of 

the world's people in 1900.  

Improving living conditions 

and sanitation contributed to longer life expectancy, and 

greatly reduced youth mortality. Using nutrition as an indi-

cator, the health of the world's population is nowhere near 

what it could be, considering its overall wealth and the gen-

eral education level. 

Of the 7.7 billion people on the planet in 2019, 960 million 

(12.5%) did not get enough to eat. Conversely, 1.8 billion 

(24%) were overweight; of those, 535 million (7%) were obese. 

The fraction of adults physically fit was small indeed. 

The population of the United States grew from 5.3 million 

in 1800 to 76 million in 1900: over 14 times as many people 

in a century. By 2010, there were 307 million in the US; a 

quadrupling in 110 years. 

World 

(Billions) 
Year 

Duration 

(Years) 

1 1830 50,000 

2 1930 100 

3 1960 30 

4 1975 15 

5 1989 14 

6 1999 10 

7 2011 12 

8 2025 14 

Billions 

1 

3 

7 

 

5 

 

1800 

 

1900 

 

1700 

 

1300 

 

2000 

 

World Population 
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A laggard in industrialization, Russia's population tripled 

from 1800–1900: from 37 million to 111 million. There were 

143 million Russians in 2010.  

In the 20th century, besides wars, the brutal Soviet re-

gime under Joseph Stalin suppressed population growth by 

killing 20 million of its citizens. Of all the major industrial-

ized nations, Russia's population has been the slowest grow-

ing. Stalin is long in the grave, but his successors have only 

been marginally better in creating conditions for a contented 

citizenry. 

A burgeoning population is good for economic growth and 

signifies in political minds the potential for expanding power. 

Hence, governments generally encourage breeding by their 

citizenry through various incentives, especially tax breaks. A 

notable exception has been China. 

 China  

China has long had too large a population, but it was sta-

ble for more than a millennium. In 1 BCE, China had 86 mil-

lion people. 1,000 years later, there were only another million 

more Chinese. 

From 1000, China's growth was tepid: less than 0.4% 

every century. There were 268 million Chinese in 1800. 

In 1900, China's population was 415 million. By 1950, 

just after the Communists took power in 1949, there were 

550 million Chinese. 

At first, the Communist government was ideologically 

disposed to view the large population as an asset. It quickly 

changed its mind. 

A mass birth-control effort was attempted in 1956, to lit-

tle effect. In the early 1960s, a more concerted push was 

made, which was successful in urban areas, before the onset 

of the political turmoil that came with the Cultural Revolu-

tion (1966–1976). The Party restarted its birth-control efforts 

in the early 1970s, sending doctors into rural areas to prac-

tice medicine and distribute contraceptives.  

By 1979, birth control had evolved into an ambitious 1-

child policy, which employed a combination of education, so-

cial pressure, and coercion, including forced sterilization and 
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abortion. As before, urbanites were more inclined to limit 

family size than those in the countryside. 

One side effect of the birth-control effort was to increase 

female feticide and infanticide. If only having 1 child, Chi-

nese couples (at least the men) wanted a son. While killing 

baby girls has a long history in both China and India, China's 

1-child policy ratcheted up the slaughter among the Chinese. 

By 2010 there were 119 Chinese boys under 5 years of age for 

every 100 girls.* China is missing more than 60 million fe-

males. 

Whereas India has dowries, China has bride prices: a 

groom's parents, not the bride's, pay for the wedding, and 

give money and property to the marrying couple. Chinese 

bride prices shot up 100-fold from 2007 to 2017. A bride may 

cost the equivalent of 5 years of a respectable annual salary. 

Many rural Chinese families have now come to view sons 

more as an economic burden than as security for their old 

age. Couples who failed to produce a boy decades ago, and 

endured the mockery of their neighbors, are having the last 

laugh. 

China had 0.65 billion people in 1960. By 1982, there 

were over 1 billion Chinese. Population numbers have since 

continued to creep up: 1990 = 1.13 billion; 2000 = 1.27 billion; 

2010 = 1.34 billion.  

China's recent population increment has been during a 

time of tremendous economic growth, which has historically 

been the cue for a baby boom. China defied a strong historical 

trend. But then, China was already heavily populated, and 

its late industrialization was breakneck.  

Further, income inequality in China is among the highest 

in the world. In 2010, the top 10% of Chinese households gar-

nered 57% of the country's income. 

This seems ironic for a supposedly communist country. 

But China has long been totalitarian without ever being egal-

itarian. The hard-edged self-interest of the Chinese people 

 
* The natural sex ratio is 105 boys to 100 girls. Males, being the 

weaker sex, are more likely to die young; so, by the time they 

reach reproductive age, the ratio of men and women balances out. 

Nature is a wondrous statistician. 
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comes from millennia of living in a hierarchical, largely hard-

scrabble culture. Communism has been elitist monarchism 

under a different name. 

The prospect for much further population increase in 

China is low. Instead, as China's pollution approaches lethal 

levels in urban areas, and environmental quality of life oth-

erwise declines, its population will winnow in the coming dec-

ades as a consequence. 

 

Carrying capacity is the concept of the population size 

that a habitat might sustain. It is merely an abstract idea 

that fails to account for environmental dynamics. Given sta-

ble conditions, animal populations tend to grow toward car-

rying capacity. This certainly has been true of humans, with 

technology as a multiplier of what carrying capacity would be 

otherwise. 

Technology has been a double-edged sword: affording bur-

geoning populations immediately while undercutting carry-

ing capacity from environmentally unsustainable practices. 

This tendency has been apparent from prehistoric times, as 

hominins harvested all a locale had to give until it was ex-

hausted, and then moved on. 
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With industrial-strength technologies and a diaspora re-

sembling microbial infection on a global scale, the human toll 

on the planet provoked the instant mass extinction event, of 

which we now witness the early throes.  

Not only human population density, but the growth of the 
human population, is still having an effect on extinction threats 
to other species. ~ American anthropologist Jeffrey McKee 

 The Future  

The history of the world's population growth rate vividly 

illustrates humans with the breeding instincts of bacteria. To 

the mid-20th century, populations grew practically as quickly 

as resources could be exploited. Then a slowdown in repro-

duction rates occurred, as the marginal cost of additional off-

spring outweighed the benefits for people in developed 

economies. In agrarian societies, children are a helping hand. 

For city folk, a child is another mouth to feed, and another 

logistic issue. 

In the aggregate, population and economic growth rates 

highly correlate. The economic growth rate peaked shortly 

before the population growth rate responded in the late 20th 

century. 

As of 2015, the United Nations expected world population 

growth in 2100 to be 0.1% (as shown on the graph on the pre-

vious page). That is optimistic. 

Along with countless other species, people are to be casu-

alties of the pollution and climate change they wrought with 

their technologies and economics. The first alarming inkling 

of this will only come when human populations start dying 

off in large numbers: people are collectively slow to catch on. 

As climate change increasingly takes its toll, the failure 

of governments to address the root of the problem – capital-

ism – may become more obvious to all concerned. That creep-

ing realization has barely started. 

Certainly, the water and food shortages won't help. But it 

will be faltering optimism and loss of faith that cause econo-

mies to stutter and fall in the wake of widespread unrest. 

Capitalism always was, after all, just a confidence game. 
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 Synopsis  

Civilization has never recognized limits to its needs.  
~ American physicist John Perlin 

➢ Humans have had such a spectacular impact on the envi-

ronment by dint of their numbers. But the impetus for 

destruction of the natural world arises from a worldview 

that Nature is there for the taking: that Earth exists as 

man's dominion. 

And God said, Let us make man in our image, after our like-
ness: and let them have dominion over all the Earth, and over 
every thing that creepeth upon the Earth. ~ Genesis 1:26, The 
Bible 

➢ From hunting and agriculture to the application of chem-

icals and radioactive matter, mankind has never appreci-

ated associated externalities. The desire for profit and 

power easily overrode any concerns that prudence may 

have presented. 

There is a fundamental flaw in classical economics and all 
the modern systems derived from it. The resources of the Earth 
are treated as capital: a set of assets to be turned into a source 
of profit. ~ Clive Ponting  

➢ The respectful comprehension of Nature as self-owned – 

of natural assets having no natural owners – simply 

never occurred to covetous men. Sagacity would have had 

humanity taking as little as possible that cannot be re-

newed, of creating a tradition of frugality such that gen-

erations everlasting may also live their lives in natural 

splendor and abundance. No such intelligence was ever in 

evidence. 

Civilised man was nearly always able to become master of 
his environment temporarily. His chief troubles came from his 
delusions that his temporary mastership was permanent. He 
thought of himself as "master of the world," while failing to 
understand fully the laws of Nature. ~ American ecologists 
Tom Dale & Vernon Gill Carter 
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➢ Technology has accelerated the consequences of disre-

specting Nature. Profiteers generated a mass extinction 

event unawares, and continue to do so, only now in denial. 

It isn't pollution that's harming the environment. It's the im-
purities in our air and water that are doing it. ~ American 
Republican politician Dan Quayle  

➢ Earth is into a human-induced hothouse climatic cycle 

that will last millions of years. Polar ice caps are melting. 

The sea will flood all the world's coastal cities. Earth may 

eventually recover only because of its natural inclination 

to be cooler, as shown by the planet's natural history. 

➢ Human existence is now in the era when civilizations' 

fruits are coming to a terminal fruition. Above all, the dire 

straits ahead can be attributed to a triumph of material-

ism in abeyance of meaningful morality. 

We're toxifying the entire planet. ~ Paul Ehrlich 

It is already too late to avert environmental disaster 

on a global scale, and a mass extinction event not seen 

since the dinosaurs departed. The final course is nothing 

more than just desserts for a species that could have done 

much better, if mankind had exercised intelligence in-

stead of arrogance. 

Through our past carelessness we incurred a debt to Nature, 
and now that debt is being called. ~ Richard Nixon in 1970 

The health of ecosystems is deteriorating more rapidly than 
ever. We are eroding the very foundations of life worldwide.  
~ English chemist Robert Watson in 2019 

The essential ingredient of human life is a healthy planet. 
We are destroying the natural world, and with it ourselves. 
The collapse of civilization is on the horizon. ~ English nat-
uralist David Attenborough in 2019 

It would be the ultimate tragedy if the history of the human 
race proved to be nothing more noble than the story of an ape 
playing with a box of matches on a petrol dump. ~ English 
politician David Ormsby-Gore in 1960



 

 Conclusion  
We are in danger, and the enemy is none other than us.  

~ French sociologist Edgar Morin 

The human world is wrong, has long been wrong, in so 

many ways. The manifest symptom is acceptance of exploita-

tion. The wellspring of the symptom is materialism. 

 

The great enemy of the truth is very often not the lie – delib-
erate contrived and dishonest – but the myth: persistent, persua-
sive. and unrealistic. Belief in myths allows comfort of opinion 
without the discomfort of thought. ~ John Kennedy 

Everyone agrees that our greatest strength lies in cooper-

ation, and that the root of morality is fairness. Yet the eco-

nomic system embraced and practiced worldwide depends 

upon a competition that benefits a few at the expense of most. 

This rigged system has invariably generated gross inequities, 

along with extensive environmental destruction. 

Despite abundant evidence, the evils of capitalism remain 

idolized. Proponents praise "free enterprise" as the masses 

toil in its totalitarian grip: wage slaves in a world that decays 

around them. 

Capitalism is the astounding belief that the most wickedest of 
men will do the most wickedest of things for the greatest good 
of everyone. ~ John Maynard Keynes  

 

Deviation from Nature is deviation from happiness. ~ Eng-
lish writer Samuel Johnson 

Nature was ever a bounty: a blessing that was instead 

treated as something to be "conquered." 

The great civilising influence of capital is that it rejects the 
deification of Nature, so that Nature becomes simply an ob-
ject for mankind, purely a matter of utility. ~ Karl Marx 
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Life on Earth today is critically linked to flowering plants. 
~ Mexican botanist Susana Magallón et al 

Natural beauty inspires a sense of awe and well-being. 

Plants have always been our benefactors; yet we have treated 

them ill indeed. Throughout history, leaders gave no thought 

to the consequences of decimating forests or tearing apart 

ecosystems. The epitome of civilization came in laying as-

phalt ribbons of death and careening down them in machines 

powered by the fossils of plants that lived hundreds of mil-

lions of years prior. Mindless materialism ruined a beautiful 

planet. 

We live in a world shaped by capitalism. ~ American histo-

rian Jerry Muller 

 

It has become appallingly obvious that our technology has 
exceeded our humanity. ~ Albert Einstein 

Technologies are prized as statements of human acumen. 

They are instead artifacts of ignorance. Every machine made 

was a drop in the ocean of toxicity that humans concocted. 

Every acre taken from Nature was a rape celebrated as a tri-

umph. The accreted evidence can lead to no other conclusion. 

Via technology, humans created, as fast they could, a mass 

extinction event as a culmination of their odious power. 

Science has been rather slow to recognize extinction's signif-
icance. ~ American paleontologist Norman Macleod 

What lingers that does not illuminate itself as wisdom is 

folly. To convenience oneself to the ruination of life that 

might have been is not wisdom, however clever the conven-

ience may appear. 

If we continue to develop our technology without wisdom or 
prudence, our servant may prove to be our executioner.  
~ American military commander Omar Bradley 

There is no technological solution to the environmental 

destruction generated by mankind. The gyre of climate 

change is beyond reversal. The very idea that we can some-

how "fix" what we have wrought is laughably imbecilic.  



 Conclusion  641 
 

I am sorry to say that there is too much point to the wisecrack 
that life is extinct on other planets because their scientists were 
more advanced than ours. ~ John Kennedy 

Proper application of technologies perhaps still provides 

a possibility of surviving self-destruction. But to do so would 

require a political recognition and leadership that is nowhere 

in evidence.  

It would secondly necessitate a sustained effort to build 

compact, self-sustaining communities that might withstand 

the environmental changes ahead. This is an endeavor that 

will take several decades at the least, and for which time is 

running short, if not already run out. Part of that effort in-

volves coming to grips with massive depopulation, as sustain-

able human populations must number in the hundreds of 

millions at most, not billions. 

Preventing global warming from becoming a planetary catas-
trophe may take something even more drastic than renewable 
energy, superefficient urban design, and global carbon taxes.  
~ American technologist Jamais Cascio  

If humans are to have any chance of survival, there must 

be a socioeconomic revolution, involving cooperation on a 

scale hitherto unconsidered; in other words, a political move-

ment antithetical to the vector that human history has taken. 

It is easy to see that such a turn is not going to happen. 

Human beings are largely driven by the same primitive, tribal 
impulses that governed us in 10,000 BCE. We slaughter one 
another in appalling numbers. We're petty and selfish and 
shortsighted. We routinely fall prey to gobsmacking stupidity.  
~ American writer William Falk 

 

This is a wonderful planet, and it is being completely de-
stroyed by people who have too much money and power and 
no empathy. ~ American author Alice Walker 

If there is a human uniqueness, it has been in mastery of 

self-destruction. Why that has come to pass worldwide – that 

the ruling class did not avert gross inequity, the spoliation of 

Nature, and humanity's demise – is the subject of Spokes 7. 
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Civilization in its present form hasn't got long. ~ James Love-

lock 

 

Spokes of the Wheel exhausts exposing the world of men 

with Book 7: The Pathos of Politics. 

 



 

 Glossary  
~ : approximately. 

# 

2,4–D (2,4-Dichlorophenoxyacetic acid: C8H6Cl2O3): an herbi-

cide. 

3-age system: an archeological sequential periodization of hu-

man prehistory and early history, comprising the Stone Age, 

Bronze Age, and Iron Age. 

3PAR (1999–2010): American computer data storage and cloud 

computing company. 

7 Years' War (1756–1763): the largest-scale European war since 

the 30 Years' War in the 17th century, involving every great 

power of the time except the Ottoman Empire. There were 2 

coalitions: one led by Great Britain, the other France. France 

lost, and thereby Britain gained the bulk of French colonies 

in the New World, as well as colonies in Africa, and superior 

trading outposts on the Indian subcontinent. 

30 Years' War (1618–1648): a series of wars principally waged in 

Central Europe; one of the longest and most destructive wars 

in modern history. 

80 Years' War (1568–1648): the Dutch war of independence from 

Spain. 

100 Years' War (1337–1453): an intermittent series of conflicts 

between England and France for control of France. The 

struggle involved several generations of English and French 

claimants to the crown of France. 

A 

abacus (plural: abaci or abacuses) (aka counting frame): a me-

chanical calculating tool, invented ~2700 BCE by the Sumeri-

ans. An abacus user is an abacist. 

abiogenesis: the study of how life arose. 

Adelphia (1952–2002): American cable TV company which went 

under from management fraud. 
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Adobe Systems (1982–): an American software company that his-

torically focused on multimedia and creativity software prod-

ucts. 

adverse selection: an economic transaction with inherent risk, 

due to asymmetric information between buyer and seller.  

aeolipile (aka Hero engine): a simple bladeless radial steam tur-

bine which spins when its water container is steamed up; in-

vented by Hero of Alexandria. 

aerobic: living with oxygen. Contrast anaerobic. 

Age of Discovery: see Age of Imperialism. 

Age of Enlightenment (aka Age of Reason): a cultural movement 

of intellectuals in the 17th–18th centuries, which began in 

Europe and later spread to the American colonies. Its pur-

pose was to advance knowledge through the scientific 

method, reform society via reason, forsaking notions 

grounded in faith and tradition. To Enlightenment thinkers, 

the old ways were definitely not the best. Originating in the 

last half of the 17th century, Enlightenment was sparked by 

Baruch Spinoza, John Locke, Pierre Bayle, Isaac Newton, 

and Voltaire. The term Enlightenment was not used in Eng-

lish until the mid-18th century; inspired by Immanuel Kant's 

1784 essay "Answering the Question: What is Enlighten-

ment?" Scholars often cite the 1789 French Revolution as 

chopping the head off Enlightenment. But Enlightenment's 

ideas carried on, by tradition and faith in its virtue. The Sci-

entific Revolution was engendered concomitant with Enlight-

enment. The reaction to the Age of Reason was Romanticism. 

Age of Imperialism (aka Age of Discovery): a loose term for the 

period–from the onset of the 15th century to the end of the 

18th–that Europeans came to comprehend the vastness of 

Earth through naval exploration, and to conquer and colonize 

foreign lands. 

agency cost: that an agent, ostensibly acting on behalf of a prin-

cipal, does not pursue the principal's best interest. 

agriculture: the cultivation of one life form by another. 

AI: see artificial intelligence. 

Airbus (1970–): multinational European aerospace company. 

albedo: the ratio of light reflected by an object to that received. 
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alga (plural: algae): a eukaryotic protist that photosynthesizes 

via chloroplasts. Algae are usually unicellular or colonial. 

ALGOL (an acronym for ALGOrithmic Language): the first 

structured programming language. Edsger Dijksta origi-

nated ALGOL 60 in 1960. Its predecessor–ALGOL 58–lacked 

several key structured programming concepts. 

alkane: a hydrocarbon bonded exclusively by single bonds. 

Allāh: the Islamic God. 

alligator: a freshwater crocodilian. 

aloe vera: a tropical succulent plant valued for its soothing me-

dicinal effects. Scientific evidence of the medicinal benefits of 

aloe vera is spotty, yet aloe vera is a popular ingredient in 

skin creams and is touted for its healing properties when in-

gested as well, despite concerns about toxicity. 

Altair (MITS Altair 8800): a 1975 microcomputer based upon 

the Intel 8080 CPU. The Altair is considered the spark that 

ignited the microcomputer revolution. 

aluminum (Al): the element with the atomic number 13; a soft, 

ductile, silvery-white, nonmagnetic metal; the 3rd-most 

abundant element in Earth's crust (after oxygen and silicon 

(silica)), and the most abundant metal. For a metal, alumi-

num has remarkably low density. 

Alzheimer's disease: an incurable degenerative disease leading 

to dementia. Symptoms advance to confusion, irritability, 

mood swings, trouble with language, and memory loss. 

Amazon.com (1994–): an American online bookseller that be-

came the world's largest online vendor. 

America Online (AOL): an American Internet access portal com-

pany in the 1990s that deflated after the dot-com bubble 

burst. 

American Revolutionary War (aka American War of Independ-

ence) (1775–1783): The war by the confederation of states 

(now the United States) that successfully rebelled against its 

colonial master, Great Britain, thanks to intervention by 

France, which was smarting for revenge after its defeat in 

the 7 Years' War. 

Amsterdam: the capital of the Netherlands, founded in the mid-

13th century; long one of Europe's principal trading centers. 
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anaerobic: living without oxygen. Contrast aerobic. 

Anatolia (aka Asia Minor): the westernmost protrusion of Asia, 

comprising most of modern-day Turkey. Anatolia is bounded 

by the Black Sea to the north, the Mediterranean Sea to the 

south and the Aegean Sea to the west. The eastern border of 

Anatolia was a line between the Gulf of Alexandretta and the 

Black Sea, east of the Armenian highlands. 

Android (software): a mobile device OS by Google, built from the 

Linux kernel 2003–2007. 

angiosperm: a flowering plant. Over 254,000 species are extant. 

Anglicanism: a Christian denomination practiced by the Church 

of England, which became independent of the Catholic 

Church in 1558, during the reign of Queen Elizabeth I. 

anoxic: oxygen depleted. 

Antarctica: Earth's southernmost continent, 14 million km2, the 

5th largest continent. Antarctica is the coldest, driest, and 

windiest continent, as well as averaging the highest eleva-

tion. 

anthracnose: a group of fungal diseases that afflict plants in 

warm, humid areas. Anthracnose causes plant tissues to wilt, 

wither, and die. Severity depends on both the specific fungus 

and the infected species and can range from mere unsightli-

ness to death. Shade trees are especially susceptible, though 

the disease is found in many flowering plants, including 

grasses. 

anthropoid: a monkey or ape. Compare hominid. 

anthropology: the study of human cultures and societies. 

antitrust: opposition to business market-power concentration 

(against oligopolization and monopolization). 

Apache Corporation (1954–): American petroleum extracter. 

Apollo (technology) (1966–1972): the NASA human spaceflight 

project that culminated with landing humans on the Moon 

(20 July 1969) and returning to Earth. 

Apollo 11: the US spaceflight that first landed humans on the 

Moon on 20 July 1969, which was broadcast live on TV world-

wide. Stepping onto the lunar surface, astronaut Neil Arm-

strong declared: "one small step for a man, one giant leap for 

mankind." 
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Appalachian Mountains: a mountain range system in eastern 

North America. The mountains formed ~480 million years 

ago. The Appalachians once reached the elevations of the 

Alps and Rocky Mountains before erosion took its toll. 

Apple Computer (1976–): an American computer company 

founded by Steve Wozniak, Steve Jobs, and Ronald Wayne, 

to develop and sell Wozniak's Apple I personal computer. 

Borrowing heavily from innovations out of Xerox PARC (Xer-

ox's research design center), Apple changed the computing 

world with its Macintosh, which sported the first graphical 

user interface (GUI) in an affordable computer. Apple has 

never been able to overcome Microsoft's dominance in desk-

top computers but did best its rival in portable computing 

devices (music players and mobile phones). 

application (software): a software program that performs data 

processing for a user. Compare operating system. 

Arab: a panethnic group whose native language is Arabic.  

archaea: a domain (and kingdom) of prokaryotes, from which 

eukaryotes arose. Eminently social, archaea may account for 

20% of Earth's biomass. 

Arctic: the northern polar region, comprising a vast frozen ocean 

which is rapidly thawing.  

Arithmometer (aka Arithmomètre): the first digital mechanical 

calculator dependable enough for office use; patented by 

Charles Xavier Thomas de Colmar in 1820. 

argon (Ar): the element with atomic number 18; a noble gas that 

is the 3rd-most-common gas in Earth's atmosphere. 

armillary: comprising hoops or rings. 

ARPA (Advanced Research Projects Agency) (1952–): the US gov-

ernment agency responsible for the development of emerging 

technologies. The name of the organization has oscillated 

over the years between ARPA and DARPA (D for Defense) 

and has been DARPA since 1996. Many computer and soft-

ware technologies were developed under ARPA largesse; an 

indicator of failure by the private sector, as capitalism 

sphincters perspective to short-termism, and has no interest 

in technologies which have communal application without 

the obvious prospect of profit. 
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ARPANET (Advanced Research Projects Agency Network) (1969–

1990): a network created by the US Defense Department that 

birthed the Internet. 

arsenic (As): the element with atomic number 33; a notoriously 

toxic metalloid. 

arsine (AsH3): a flammable, highly toxic gas used in semiconduc-

tor manufacture. 

artificial intelligence (AI): a likeness of intelligence exhibited by 

a computer. 

assembly (computer language): a low-level processor-specific 

language that translates directly to machine code via an as-

sembler.  

asset (finance): an economic resource, though financial account-

ing does not count human resources as assets. Contrast lia-

bility. 

AT&T (American Telephone and Telegraph): a legal entity 

founded in 1874 to protect the patent rights of Alexander 

Graham Bell, who invented the telephone system. AT&T be-

came the Bell Telephone Company in 1875. Throughout most 

of the 20th century, AT&T held a monopoly on phone service 

in the US and Canada. The company was nicknamed Ma 

Bell. In 1974, the US Justice Department filed suit against 

AT&T for violating antitrust laws. In 1982, AT&T settled the 

case by agreeing to split itself into 7 regional companies, com-

monly known as Baby Bells. Phone service quality declined 

from that time. Telephone service is an excellent example of 

a natural monopoly, which is best managed as a regulated 

utility. The US government's antitrust suit was counterpro-

ductive to the country's economic interest. 

atomic clock: an electronic clock kept by microwave emissions 

from atoms cooled to near 0 K. 

atomic decay: particulate radiation by subatomic particles from 

atomic nuclei. Compare beta decay. 

Audi (1932–): German automobile maker. 

autocracy: an absolutist government ruled by a single person. 

automation: the process of labor saving by mechanical means. 
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autotroph: an organism makes its own food. Autotrophs are 

lithotrophs or photoautotrophs. Lithotrophs consume elec-

trons from inorganic chemicals for energy. Phototrophs take 

light as their primary energy source. Contrast heterotroph. 

B 

B: a typeless programming language by Ken Thompson in 1969, 

based on BCPL. 

Babcock & Wilcox (1867–): American industrial equipment 

maker. 

Bacillus thuringiensis (aka Bt): a soil-dwelling bacterium that 

produces crystal proteins, some of which have insecticidal ac-

tion. 

background extinction: extinction limited to relatively few spe-

cies. Contrast mass extinction. 

Bakelite (1910–): American plastics company, founded by Leo 

Baekeland. 

Bangladesh: a country in south Asia bordered by India to the 

west and Myanmar to the east. Mostly located on the flood 

plain of the Ganges river, Bangladesh is the most densely 

populated nation in the world – 168 million (2019) in 147,570 

km2. 

baobab (Adansonia): a large, long-lived deciduous tree endemic 

to arid biomes in Africa, Madagascar, and Australia. 

Barbados: a 432 km2 island nation in the Lesser Antilles (Car-

ibbean) island chain. 

barilla: salt-tolerant (halophyte) plants that, until the 19th cen-

tury, were a primary source of soda ash. 

base load: an electricity-generating power station intended for 

constant operation to meet minimum demand (base-load re-

quirement). Owing to fuel cost and plant operating charac-

teristics, coal and nuclear plants meet base-load demand. 

Intermediate-load plants meet requirements above mini-

mum. Peak load are facilities for times of greatest electricity 

consumption (peak demand), typically late afternoon week-

days. 
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Basic (computer language) (1964–): a simplified offshoot of 

Fortran, designed for ease of use, but with the same code-

maintenance problems as Fortran. 

BCE (acronym for Before the Common Era): a semi-secular alter-

native designation for the calendar scheme introduced by Di-

onysius Exiguus, who respectively used BC (before Christ) 

and AD (anno Domini) to indicate times before and after the 

life of Jesus of Nazareth. Year zero is unused in both systems. 

Dates before 1 CE (common era) are indicated as BCE. CE 

dates are typically not denoted. 

BCPL (an acronym for Basic Combined Programming Lan-

guage): a programming language originally intended for writ-

ing compilers, designed by Martin Richards in 1966. 

bear market: an American colloquialism for a market trend of 

general decline in stock prices. The term dates from a 17th-

century proverb that it was unwise "to sell the bear's skin 

before one has caught the bear." By the 18th century, the 

term "bear skin" was shortened to "bear market." Contrast 

bull market. 

Bear Sterns (1923–2008): an American investment bank that 

failed when the mortgage securities bubble burst in 2008, 

whereupon Bear Sterns was scooped up on the cheap by JP 

Morgan Chase. 

behavior (software) (aka procedure call, routine, function, 

method, message): software which performs a certain action 

by using data. 

behavioral economics: the study of the effects of mentation on 

economic decisions. 

belief: a habit of the mind to axiomatically treat ideas as true; 

confidence in abstractions as real. 

Bell Labs: the research facilities of Bell Telephone, founded by 

Alexander Graham Bell in 1889. See AT&T. 

benzene (C6H6): a carcinogenic hydrocarbon that is an elemen-

tary petrochemical. Benzene is a colorless, highly flammable 

liquid with a sweet smell. Industrially, benzene is used pri-

marily as a precursor to the manufacture of chemicals with a 

more complex structure. Because benzene is high octane, it 

is an important component of gasoline. 
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Bernoulli number: one in a sequence of rational numbers discov-

ered by, and named after, Jakob Bernoulli; contemporane-

ously discovered by Seki Takakazu. 

beta decay (β-decay): radioactive decay of atomic nuclei or parti-

cle transmutation, emitting beta particles (electrons or posi-

trons), mediated by the weak force. Compare atomic decay. 

binary: a base-2 numerical system using only 0 and 1. Modern 

computers use binary based upon the presence or absence of 

electrons (1, 0 respectively). 

biocide: a chemical compound used by humans to destroy life. 

biodiversity: the diversity of life at every level. Compare species 

diversity. 

bioelement: a planetary ecological element. The bioelements in-

clude the atmosphere, lithosphere, hydrosphere, and biota. 

biome: an area where organisms live with similar conditions, 

both geographically and climatically. 

biota: the organisms in an environment. 

bit (software): an atomic datum in computing; an acronym for 

binary digit. 

bitcoin (2008–): a pioneer cryptocurrency. 

Black Death: a devastating plague in Europe in the mid-14th 

century caused by the airborne bacterium Yersinia pestis. 

Black Monday (finance): the worldwide crash of stock markets 

on 19 October 1987. 

blast furnace: a type of furnace for smelting metal. 

bloomery: a type of furnace once used for smelting iron. 

Blue Öyster Cult (1967–): American hard rock band. 

BMW (1916–): German manufacturer of automobiles and motor-

cycles. 

Boeing (1916–): American corporation specializing in flying ma-

chines: airplanes, rockets, missiles, rotorcraft, and satellites. 

bolide: a meteorite. 

bond (finance): a debt instrument, under which the issuer owes 

debt holders periodic interest and repayment of principal at 

a certain date (maturity date). 

Boo.com (1999–2000): a short-lived British e-commerce clothing 

company that burned through $188 million while doing most 
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everything wrong, beginning with hosting a horrendous web 

site. 

boreal (aka taiga forest): a biome characterized by coniferous for-

est. Boreal is the Earth's largest land biome, comprising 29% 

of the world's forest cover. 

 bounded rationality: an economic encapsulation with 3 assump-

tions: 1) that the rationality of decisions is limited by cogni-

tive abilities, and influenced by emotion, 2) that information 

is limited, and that 3) decisions are typically made quickly. 

The term was coined by Herbert Simon. 

Bourbon–Habsburg rivalry (1516–1756): the rivalry between the 

House of Habsburg, rulers of the Holy Roman Empire and 

Spain, and the House of Bourbon, which ruled the kingdom 

of France. Encircled by the Habsburg on 3 fronts, France 

lashed out with several wars, of which the 30 Years' War was 

the most destructive. 

boyar: a high-ranking member of the feudal Bulgarian, Molda-

vian, Romanian, or Russian aristocracy, 2nd in rank only to 

ruling princes. 

BPA (bisphenol A; (CH3)2C(C6H4OH)2): a colorless solid that is 

the starting material for synthesizing plastic. BPA is soluble 

in organic solvents, but poorly soluble in water. Commercial 

use of BPA began in 1957. In 2015, 4 million tonnes of BPA 

were made worldwide, making it one of the highest volume 

chemical compounds produced. 

BPA is a xenoestrogen: an estrogen mimic. Despite this 

hazard, American, Canadian, and European food safety reg-

ulators allow BPA in food packaging, except baby bottles. 

Bretton Woods system (1944–1971): the international monetary 

system that resulted from the 1944 Bretton Woods Confer-

ence, which relied upon the gold standard and a pegged for-

eign-exchange mechanism. The Bretton Woods Conference 

also birthed the International Monetary Fund, whose pur-

pose was to promote financial stability worldwide. 

Britain: see United Kingdom. 

British Petroleum (1909–): British petroleum and natural gas ex-

tractor and supplier. 

broker (finance): an intermediary who facilitates trade. 

bronze: an alloy of copper (90%) and tin (10%).  
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Bronze Age (~3300–1300 BCE): the middle period of the 3-age 

system, noted for the metallurgical production of bronze; the 

Stone Age preceded, the Iron Age followed. 

brownfield: a former industrial site laden with pollution. 

browser (software): an application used to locate and display 

Web pages. 

Bt: see Bacillus thuringiensis. 

bubble (finance): a bull market that culminates in a crash. 

bull market: an American colloquialism for a market trend of 

rising stock prices. Technically, a bull market represents a 

rise of at least 20%.  

The earliest record of the term bull was in 1714. It gained 

favor owing to its affinity with the converse term bear. The 

terms bear and bull also have roots in English hunting cul-

ture, expressing the characteristic reserve (bear) and audac-

ity (bull) of the 2 animals. Contrast bear market. 

burgher: a town or borough, or a middle-class citizen of such a 

town. 

bus (computer): a computer communication system. 

business cycle: the relative level of consumption and business 

activity. Compare financial cycle. 

BusinessWeek (1929–): a US business magazine that started in 

September 1929, just weeks before the 1929 stock market 

crash that begat the Great Depression. 

BYA: billions of years ago. BY as an acronym for "billion years" is 

deprecated in modern geophysics in favor of Ga, shorthand 

for gigaannum; go figure. 

byte: 8 bits. 

Byzantine Empire (aka the Eastern Roman Empire) (330–1453): 

the predominantly Greek-speaking continuation of the east-

ern Roman Empire until annexed by the Ottomans in 1453. 

See Constantinople. 

C 

C (software): a low-level programming language by Dennis 

Ritchie in 1972. 
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C++: an ersatz object-oriented extension to the C language de-

signed by Bjarne Stroustrup. 

cadmium (Cd): the element with atomic number 48; a soft, blu-

ish-white metal that is extremely toxic. Cigarettes are a 

ready source of cadmium, as the lungs absorb cadmium more 

efficiently than the digestive tract. 

Canada: the 2nd-largest country (10.0 million km2), relatively 

sparsely populated (37 million in 2019); one of the most eth-

nically diverse nations. 

canopy (botany): the uppermost cover of a forest, formed by the 

leafy upper branches of trees. 

capital: wealth that can be employed to produce more wealth. 

capital gain: money made with money. 

capitalism: an economic system based upon private ownership 

of resources and their exploitation for exclusive profit. 

carbon (C): the element with atomic number 6; an extremely 

friendly element, with 4 electrons available to form covalent 

bonds. Life is based upon molecules made with a carbon back-

bone. 

carbon cycle: the gaseous cycling of carbon exchange among the 

geosphere (deep Earth), pedosphere (soil), hydrosphere (wa-

ter bodies), atmosphere, and biosphere (living ecological sys-

tems). 

carbon dioxide (CO2): a colorless gas that has fluctuated in con-

centration in Earth's atmosphere through geologic time. 

Plants breathe CO2. Animals exhale it. CO2 is a greenhouse 

gas. 

Carboniferous (359–299 MYA): a period during the Palaeozoic era, 

following the Devonian period and preceding the Permian. 

Vast forests covered the land. Their demise produced the coal 

beds which characterized the geology of the period, and after 

which the period is named. 

carbonyl (CO): an organic functional group in aldehydes, ke-

tones, carboxylic acids, esters, and their derivatives, compris-

ing a carbon atom double-bonded to an oxygen atom (C=O). 

Caribbean Sea: a tropical sea in the Atlantic Ocean south of 

Cuba, east of Central America, and north of Columbia and 

Venezuela. 
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carrying capacity: the (idea of a) maximum population size of a 

species given the constraints imposed by the environment. 

cassava (aka manioc, yuca, macaxeira, mandioca, Brazilian ar-

rowroot, aipim, Manihot esculenta): a woody shrub, native to 

the South America; a staple root vegetable crop grown in 

tropical and subtropical biomes for tapioca. 

Çatalhöyük (aka Çatal Höyük): a Neolithic settlement in south-

ern Anatolia 7500–5700 BCE. 

Caterpillar (1925–): American machinery manufacturer; the 

world's largest construction equipment maker. 

cattle: bovine animals, especially domesticated members of the 

Bos genus. 

CE (acronym for Common Era): denoted years after the birth of 

Jesus of Nazareth. See BCE. 

cement: a calcined mixture of clay and limestone used as a build-

ing material. 

central bank: a governmental monetary authority that manages 

a state's monetary parameters, such as money supply and in-

terest rates. 

central processing unit (CPU): the electronic circuitry within a 

computer that carries out program instructions. The term 

has been used since the early 1960s. Most modern CPUs are 

in microprocessors. 

CEO (chief operating officer): the leader of a corporation. Com-

pare COO. 

Cetacea: a diverse clade of highly intelligent marine mammals, 

commonly called whales, dolphins, and porpoises. 

CFC: see chlorofluorocarbon. 

charcoal: a lightweight, black residue consisting of carbon and 

ash, derived from animal and vegetative sources by heating 

to remove the water. 

Chartism (1838–1857): a reform movement by the working class 

to make the British political system more democratic and less 

corrupt. The Chartist movement failed. 

chemistry: the study of matter, especially chemical reactions. 

chestnut: a tree of 8–9 species in the Castenea genus, native to 

the temperate forests of the northern hemisphere. Chestnut 

also refers to the edible nut produced by these trees. 
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China: the 4th-largest country (9.6 million km2), with the 

world's greatest population: over 1.42 billion people in 2019. 

China has one of the oldest extant civilizations. Over 90% of 

China's people live in the eastern half of the country, which 

has most of the major cities and nearly all arable land (which 

is no longer very arable). 

chlorofluorocarbon (CFC): an organic compound comprising car-

bon, chlorine, fluorine, and hydrogen, produced as a volatile 

derivative of ethane and methane. CFCs have been widely 

used as refrigerants, propellants, and solvents. 

chlorpyrifos (C9H11CL13NO3PS): a crystalline organophosphate 

insecticide that disrupts the nervous system. 

Christianity: a religion based upon hero worship of Jesus of Naz-

areth as the supposed son of God. 

chromium (Cr): the element with atomic number 24; a lustrous, 

steely-grey, hard, and brittle metal. Chromium was first used 

in Chinese metal weapons over 2,000 years ago. 

Chrysler (1925–): American automaker. 

chymosin: a protease (enzyme) found in rennet. Chymosin is 

produced by newborn ruminant animals in the lining of the 

4th stomach to curdle the milk they ingest, allowing a longer 

residence in the bowels and thereby better absorption.  

Cisco (1984–): American networking equipment company that 

grew to behemoth size via serial acquisitions. 

civilization: a culture which characterizes a society. 

class (object-oriented programming): a categorization of soft-

ware objects. 

clepsydra: water clock. 

climate: a characterization of tropospheric activity in an area 

over ~30 years, accounting for seasonal variations. The 

standard of 30 years is often adjusted to suit reportage. 

clinker: a kilned then quenched cement product based upon 

limestone, used to make Portland cement, the most common 

cement in general worldwide use. 

CLOS (an acronym for Common Lisp Object System): an object-

oriented extension to the Lisp programming language. 

cloud computing: using networked computers for data storage 

and computing power. 
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coal: a blackish combustible sedimentary rock from compressed 

and heated vegetation millennia old. Compare petroleum. 

COBOL: an English-like computer programming language de-

signed for business use by Grace Hopper in 1959. 

code (computer): programmed instructions that are executed on 

a processor. 

Code of Ur-Nammu (~2050 BCE): the earliest known codes of 

law, from the 3rd Sumerian dynasty. The prologue decreed 

"equity in the land." 

Coinage Act of 1873 (aka Mint Act of 1873): a US federal law 

abolishing the right of silver holders to have their metal 

struck into legal coins. See Gold Standard Act of 1900. 

Cold War (1947–1991): political and military tension after World 

War 2 between the United States (and its allies) and the So-

viet Union (and its minion nations). 

Collective: people who follow their biological urges as natural 

imperative. The Collective believe emotions are valuable, 

and that actuality is real, though most harbor supernatural 

beliefs. 

colonialism: the practice of population subjugation. Compare 

imperialism. 

command economy: a planned economy, typically under central-

ized control. Contrast market economy. 

commenda: a partnership bifurcating mercantile activity from 

the capital required to trade. Commenda appeared in the 

10th century and was usually used for financing maritime 

trade. 

Committee for Economic Development (CED) (1942–): an Ameri-

can business-led public policy organization, with member-

ship comprising mainly senior corporate executives. The 

CED's primary objective is promoting unfettered capitalism. 

commons: a natural or cultural resource accessible to all mem-

bers of a society. Air, water, and a habitable environment are 

all commons. 

compiler: a software program that translates source code into 

object code. Compare interpreter. 

Comptroller of the Currency: see Office of the Comptroller of the 

Currency. 
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computer: a device capable of solving mathematical problems. 

concrete: a cement-based building material. 

confirmation bias: the tendency to search for, interpret, and pri-

oritize information in a way that confirms a held hypothesis 

or belief. 

constant differences (method of): a method of calculating con-

sistent numerical progressions via repeated addition. 

Constantinople: the capital city of the Byzantine Empire. Origi-

nally named Byzantium upon its founding in the 7th century 

BCE, it became Constantinople in 330. During the 12th cen-

tury, Constantinople was the largest and wealthiest Euro-

pean city. See Byzantine Empire. 

Although besieged on numerous occasions, Constantino-

ple fared well owing to its massive defenses, most notably its 

double wall facing land, and being built on 7 hills. The city 

was only taken in 1204 by the army that was the 4th Cru-

sade, whose original mandate was to conquer Muslim-con-

trolled Jerusalem. The Crusades were a series of organized 

pillages sponsored by the Roman Catholic Church. 

Constantinople fell to Ottoman sultan Mehmed II in 1453. 

Its name ostensibly changed to Istanbul; thus began the Ot-

toman Empire. 

consume (economics): to use or enjoy something. While con-

sumption may use something up (such as eating food), it may 

simply be spending time with something, such as reading a 

book, or having a service performed. 

consumerism: a socioeconomic order engendering material 

acquisition; the idea that an ever-expanding consumption of 

goods is good for the economy. 

In modern civilized communities, the members of each stra-
tum accept as their ideal of decency the scheme of life in vogue 
in the next higher stratum. ~ Thorstein Veblen 

convertible husbandry: alternating field crops with temporary 

pastures. 

COO (chief operating officer): corporate executive responsibility 

for daily operation of a company. Compare CEO. 

copper (Cu): the chemical element with atomic number 29; a 

soft, malleable, and ductile metal, with very high thermal 

and electrical conductivity. 
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coral: a colonial marine invertebrate comprising numerous iden-

tical polyps. 

coral reef: a colony of coral. 

cornering the market: obtaining sufficient control of a traded as-

set to influence its price. 

corporation: a group legally authorized to act as an individual. 

corporatism: sociopolitical organization of a society by major cor-

porate interest groups. 

corruption: impairment of virtue, integrity, or moral principle; 

depravity. 

CPU: see central processing unit. 

Crete: the 5th-largest island in the Mediterranean Sea, and the 

largest Greek island. Home of the ancient Minoan civiliza-

tion. 

CRISPR (Clustered Regularly Interspaced Short Palindromic 

Repeats): a technique for artificial genetic modification using 

snippets of bacterial DNA as the carrier of modified genes. 

crocodile: an order of large semiaquatic reptiles. Birds are their 

closest living relative. 

cross-platform (computer): software or code that works on or for 

multiple operating systems. 

crown-of-thorns starfish (Acanthaster planci): a large starfish 

with many (up to 21) arms that preys upon coral polyps. 

cryptocurrency: a fiat digital money secured by encryption. 

Cuban Missile Crisis (16–28 October 1962): a diplomatic confron-

tation between the United States and the Soviet Union over 

nuclear ballistic missiles deployed in Cuba by the Soviets and 

in Italy and Turkey by the US. 

cultivar: a cultivated plant variety. 

Cummins Engine (1919–): American maker of engines, filtration 

devices, and power generators. 

cupellation: a metallurgical refining process for precious metals 

(gold and silver), where ores or alloys are treated at high tem-

peratures to separate the noble metals. 

currency: a species of money in circulation. 



660 Spokes 6: The Fruits of Civilization  

D 

Daimler (formerly Daimler Benz and Daimler Chrysler) (1926–): 

German car maker. 

Dark Ages: the 5th–10th centuries in Europe; the early Middle 

Ages following the fall of Rome. 14th-century Italian scholar 

Francesco Petrarch coined the metaphor in the 1330s, when 

writing of the previous historical period: 

Amid the errors there shone forth men of genius; no less keen 
were their eyes, although they were surrounded by darkness 
and dense gloom. 

The term Dark Ages is generally disparaged by contempo-

rary historians, owing to its critical overtone. Yet the aptness 

of its cultural attribution cannot be denied. 

Darwinism (economics): the sociopathic concept of "survival of 

the fittest," which is how Charles Darwin explained the pro-

cess of biological evolution. 

data type: a type regime for software data structures. See type. 

datum (plural: data): a piece of information. Data is used to de-

note a mass of information. 

DDT (C14H9Cl5, dichlorodiphenyltrichloroethane): a crystalline, 

colorless, tasteless, and almost odorless organochloride 

known for its insecticidal properties; first synthesized in 

1874 by Othmar Zeilder under the supervision of German 

chemist Adolf von Baeyer. DDT's insecticidal capability was 

discovered in 1939 by the Swiss chemist Paul Hermann Mül-

ler. Müller was awarded the Nobel Prize in 1948 for his DDT 

discovery. DDT was used in during World War 2 to control 

malaria and typhus in tropical regions. After the war it be-

came a widespread agricultural pesticide. Rachel Carson's 

1962 book Silent Spring described the devastating environ-

mental and human health effects that DDT was having, lead-

ing to its ban for agricultural use in the US in 1972, and in 

2004 a worldwide proscription (Stockholm Convention). DDT 

is still applied in Africa. 

deflation (economics): a decrease in the general price level. From 

a monetary view, an augmenting of a currency's purchasing 

power. Contrast inflation.  

Dell (1984–): American personal computer maker. 
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demagogue: a politician who seeks to gain power by exploiting 

popular prejudices and making false or extravagant claims 

and promises. 

demand curve: a graphical representation of the relationship be-

tween price and quantity demanded. See supply schedule. 

dementia (aka senility): a severe decline in mental ability. Alz-

heimer's is the most common type of dementia. Vascular de-

mentia, which occurs after a stroke, is the 2nd-most-common 

senility. 

demesne: legal possession of land, especially land attached to a 

mansion or country house. 

democracy: a state having government by its people. 

Democratic Party: the dominant moderate-conservative party in 

the US. Contrast Republican Party. 

depression (economics): a severe, prolonged recession, character-

ized by long-term downturn in economic activity, and deep, 

prolonged unemployment. See Great Depression. Compare 

recession. 

derivative: a measurement of sensitivity to change; the funda-

mental tool of differential calculus. 

derivative (finance): a security that is dependent upon (derived 

from) one or more underlying assets. 

determinism: the belief that everything that happens is preor-

dained. 

Devonian (416–359 MYA): a period during the Palaeozoic era, fol-

lowing the Silurian and preceding the Carboniferous. The 

Devonian experienced the first radiation of terrestrial life. 

The name derives from Devon, England, where rocks of the 

period were first studied. 

diazinon (C12H21N2O3PS): an organophosphate insecticide that 

disrupts the nervous system. 

dicamba (C8H6Cl2O3): a broad-spectrum herbicide marketed by 

Monsanto under the trade name Xtend®. 

differential equation: a mathematical equation representing 

changes between relations using derivatives. 

Digital Equipment Corporation (DEC) (1957–1998): American 

minicomputer company. 
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dimethyl sulfide (C2H6S) (DMS, aka methylthiomethane): an 

odorous, flammable, liquid, organosulfur compound. DMS is 

naturally emitted by phytoplankton and bacteria in modest 

amounts but is now prodigiously produced in industrial pro-

cesses. 

disc drive (aka disk drive): a data storage device typically em-

ploying electromagnetically sensitive platters as the storage 

medium. Storage devices which use optical discs (read by la-

sers) are also called disc drives. See solid-state drive. 

Disney (aka Walt Disney Company) (1923–): American enter-

tainment empire. 

distaff: a tool used for spinning; designed to hold unspun fibers 

and keep them untangled, thus facilitating the spinning pro-

cess. 

dot-com bubble (aka Internet bubble) (1997–2000): a US-based 

speculative stock market bubble focused on Internet-related 

companies. 

Dow Jones Industrial Average (DJIA, aka Dow Jones, or simply 

Dow): a US stock market index created by Charles Dow. 

Dust Bowl (aka Dirty Thirties): a period of severe dust storms 

during the 1930s that damaged the ecology and agriculture 

of US and Canadian prairies. The drought came in 3 waves: 

1934, 1936, and 1939–1940; but some areas of the high plains 

experienced drought for 8 years. 

Dyson (1991–): English household appliance maker, known for 

its vacuum cleaners. 

E 

e: the mathematical constant that is the base of the natural log-

arithm. 

E. (Escherichia) coli: a rod-shaped enterobacteria commonly 

found in the lower intestine of endothermic organisms. E. coli 

normally colonize an infant's gut within 40 hours of birth, 

delivered by food, water, or merely handling the youngling. 

Earth: the 3rd planet from the Sun; the densest and 5th-largest. 

earthworm: a tubular segmented worm in the Annelida phylum, 

with worldwide distribution, commonly found in soil. An 
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earthworm breathes through its skin. An earthworm's diges-

tive system runs the length of its body. 

eBay (1995–): American e-commerce company, best known for its 

online auction service. 

ecology: an interactive interface; patterns of relations among en-

tities; as a subdiscipline of biology, patterns of interrelations 

between life forms (e.g., cells, organisms) and their environ-

ment (including other organisms); more broadly, the rela-

tions between bioelements. 

econometrics: problem-solving via statistical and mathematical 

techniques. 

economic system: an overarching characterization of how an 

economy works. See economy. 

economics: the activities of production, distribution, and con-

sumption of goods and services, and of the material well-be-

ing of humans; also, the study thereof. 

economies of scale: cost advantages that accrue to due to size, 

level of output, or scale of operation, with cost per unit of out-

put generally declining with greater production. 

Economist, The (1843–): London-based economics magazine fa-

voring capitalist economic liberalism. 

economy (economics): a societal economic organization. There 

are 3 main economic systems: traditional, command, and 

market. A traditional economy is tribal, with scant surplus. 

A command economy is a planned economy, typically under 

centralized control. A market economy is, ostensibly, a disor-

ganized free-for-all. 

ecosystem: the community of organisms (biota) in a biome, and 

the abiotic (non-living) elements within the area. 

Eden Foods: the oldest natural and organic food company in 

North America and the largest independent manufacturer of 

dry grocery organic foods. 

EDVAC (an acronym for Electronic Discrete Variable Automatic 

Computer): a binary, stored-program computer; proposed in 

August 1944, development started in April 1946, and com-

pleted in August 1949. 

efficient market hypothesis: the argument that asset prices fully 

reflect all available information. A direct implication is that 
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it is impossible to consistently "beat the market" (profit more 

than other traders). 

Egypt: a nation in the northeast corner of Africa. One of the 

world's most ancient states, arising in the 10th millennium 

BCE. 

Eighty Years' War: see 80 Years' War. 

El Niño: a quasi-periodic climate pattern that forms in the trop-

ical Pacific Ocean, roughly every 5 years. The most notable 

facets are the warm ocean surface current in the tropical 

eastern Pacific Ocean, coupled with high surface air pressure 

in the western Pacific. El Niño is Spanish for "the little boy," 

an oblique reference to Christ as a child, specifically referring 

to the ocean warming in the Pacific near South America, usu-

ally noticed around Christmas. 

La Niña ("little girl") is the opposite oscillation extreme: 

cold water and low air pressure. Contrary to El Niño, La Niña 

lacks religious connotation. La Niña commonly causes 

drought in the western Pacific and southeastern United 

States, flooding in northern South America, and mild wet 

summers in northern North America. 

electromagnetic induction: producing a potential difference – 

voltage – across a conductor exposed to a varying magnetic 

field. 

Electron Mining (1991–1994): the small American software com-

pany that developed OOPC. 

electrum: a natural, pale yellow alloy of gold and silver. 

Elkhorn coral (Acropora palmata): a fast-growing coral that re-

sembles elk antlers; one of the most important reef-building 

corals in the Caribbean Sea. 

elm: a northern hemisphere tree in the Ulmus genus. 

encapsulation (software): making modular data or program 

structures. See object. 

engine (heat): a machine that transforms a portion of the ther-

mal energy entering it into mechanical power. 

engineering: the practical application of science. See technology. 

England: a country in the British Isles until 1707, now part of 

the United Kingdom. 
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ENIAC (an acronym for Electronic Numerical Integrator And 

Computer): the first electronic general-purpose computer. 

Construction began in 1943 and was completed in 1946. 

Enron (1985–2001): American energy, commodities, and services 

conglomerate which went under via massive management 

fraud. 

environmental economics: the study of externalities of produc-

tion. 

Environmental Protection Agency (EPA): a US federal govern-

ment agency responsible for protecting human health and 

the environment from the externalities of corporate excess. 

The EPA was created by President Richard Nixon in 1970 by 

executive order. 

EPA: see Environmental Protection Agency. 

epigenetics: (the study of) gene regulation and physical heredity 

mechanisms without changing the structure of the DNA in-

volved – that is, without genetic mutation. 

equity (finance): the difference between value of assets and cost 

of liabilities. 

escapement: a mechanism for regulating mechanical motion. 

ester: an organic compound comprising a carbonyl adjacent to an 

ether. 

ethane (C2H6): a colorless, odorless gas, isolated on an industrial 

scale from natural gas, and as a by-product of petroleum re-

fining. Ethane's chief employment is as a feedstock for eth-

ylene production. Ethylene is widely used in the chemical 

industry. 

ethanol (C2H5OH; aka ethyl alcohol, grain alcohol): a volatile, 

flammable, colorless liquid with a slight chemical odor. Eth-

anol is used as an antiseptic, a solvent, and a fuel. Ethanol is 

produced both from petroleum, though the hydration of eth-

ylene (C2H4), and by biomass via fermentation. 

ether: a class of organic compounds characterized by an oxygen 

atom bonded to 2 carbon atoms (C–O–C). 

ethics (aka moral philosophy): the branch of philosophy system-

izing the distinction between right and wrong behavior; a 

system of moral principles. 

evaporation: conversion of water into vapor. 
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evapotranspiration: soil moisture loss from evaporation and 

plant transpiration. 

exponentiation: the raising of a number to a given power. 

externality (economics): an unintended by-product of making 

something. Waste and pollution otherwise are exemplary 

externalities. 

extinction: see background extinction, mass extinction. 

Exxon Valdez: an oil tanker, owned by Exxon Shipping Com-

pany, which struck a reef in Prince William Sound, Alaska, 

on 24 March 1989, and spilled 40 million liters of oil. In the 

aftermath, Alaska tried to legally shield itself from future 

spills, but otherwise, nothing was done by governments to 

prevent further such mishaps. The lamed ship was towed to 

San Diego, California, refurbished and renamed, setting off 

again in June 1990 and worked until August 2012, when it 

was beached in Alang, India and dismantled. 

F 

FAA (Federal Aviation Administration): American federal regu-

lator of civil aviation. 

fallacy: an error in reasoning: 

FDA (Food and Drug Administration) (1906–): the US federal 

agency responsible for the health and safety of ingestible 

products sold in the country. The FDA was established with 

the 1906 Pure Food and Drugs Act. Its mandate expanded as 

processed foods with additives became more the norm, and 

as the food system became more consolidated and globalized. 

In its performance, the FDA is exemplary of (perhaps) well-

intentioned government incompetence. 

Federal Deposit Insurance Corporation (FDIC): the US federal 

corporation that provides deposit insurance to depositors in 

US banks. Created by the 1933 Banking Act to restore trust 

in the American banking system. More than 1/3rd of US 

banks failed in the Depression years before the FDIC's crea-

tion, as bank runs were common. 

federal funds rate (US): the interest rate at which depository in-

stitutions, such as banks and credit unions, lend reserve bal-

ances to each other overnight on an uncollateralized basis. 
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Federal Reserve (1913–): the central bank of the United States. 

Fertile Crescent: the geographic area from the upper Nile River 

in Egypt through the Middle East to the Persian Gulf, includ-

ing the regions of Mesopotamia and the Levant. 

feudalism: a societal system prevalent in medieval Europe, with 

socioeconomic hierarchy based upon land holding. Feudalism 

usually emerged from decentralization or disintegration of 

an empire. 

Fiat (1899 –): Italian automaker. 

fiat money: a currency declared by a political authority to be le-

gal tender. 

finance: a monetary gyre; the pecuniary affairs of an entity (per-

son, business, or state). 

Financial Crisis Inquiry Commission (US) (2009–2011): a com-

mission legislatively created to "examine the causes of the 

current financial and economic crisis in the United States." 

financial cycle: the relative level of lending and investment in 

fixed capital. Compare business cycle. 

fire piston: a handheld piston used to spark an ember within and 

so start a fire. 

firmware: software that interfaces to hardware. 

First World War: see World War 1.  

Flanders: the Dutch-speaking northern part of Belgium. 

flavonoid (aka (archaic) vitamin P): a class of secondary metab-

olite in plants, with various functions. There are over 6,000 

flavonoids. Digested by humans, flavonoids act as an antiox-

idant, anti-inflammatory, anti-allergic, anti-microbial, and 

anti-cancer agent. 

floating point (number): computer representation of a real num-

ber without a fixed location for the decimal point. 

florin (1252–1533): a gold coin struck by the Republic of Florence 

of standard design and metal content (3.5368 grams of pure 

gold) during its entire time of coinage. In the 14th century 

150 European states and city-states made their own copies of 

the florin. Whereas the gold content was constant, the mon-

etary value of the florin in 1500 was 7 times that of its worth 

in 1252 when it was first struck (to equal the value of 1 lira 

in local currency). 
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fluid: a liquid or gas capable of flowing. 

foliot: the earliest form of mechanical-clock escapement, com-

prising a crossbar with adjustable weights, for regulating the 

rate of oscillation of a verge or vertical spindle. 

folkway: a traditional behavior that is a norm. Compare more. 

Food and Drug Administration: see FDA. 

food security: the absence of hunger. 

Ford Motor Company (1903–): American automobile manufac-

turer, founded by Henry Ford. 

Fortran (derived from Formula Translating System): a program-

ming language developed by IBM 1954–1957 for scientific 

and engineering applications. 

fossil fuel: a fuel formed from organic matter protractedly 

pressed and heated into various forms. Coal comprises an-

cient dead plants pressed into rock resemblance. Petroleum 

originates from archaic algae and zooplankton, turned into a 

viscous brew. Fossil fuels take tens of millions of years to 

form, and so, in their extraction, are nonrenewable resources. 

fracking (hydraulic fracturing): the extraction of oil and gas via 

injection of high-pressure fluid into shale formations. 

fractal: a set of scale-invariant self-similar iterative patterns. 

fractional distillation: the separation of a chemical mixture into 

components (fractions), typically by heating. 

framing (psychology): perceiving a situation within a certain 

context or from a specific perspective. 

framing effect: bias from the context in which a situation is con-

sidered, typically involving personal gain or loss. 

France: a nation in Western Europe that emerged as a political 

power in the Late Middle Ages. France has had an outsized 

influence on Western culture. 

French Revolution (1789–1799): a decade of social and political 

upheaval in France. Widely regarded as one of the most im-

portant political events in human history, the French Revo-

lution triggered the decline of theocracies and absolute 

monarchies around the world until their reemergence in the 

late 20th century. 
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French Revolutionary Wars (1792–1802): a series of military con-

flicts between the French First Republic and several Euro-

pean monarchies. 

fulling (aka tucking or walking): a step in wool cloth-making to 

clean the cloth and make it thicker. 

G 

Gaia: a theory by English environmentalist James Lovelock 

that Earth acts as "a single physiological system." 

gasoline (aka petrol (British English)): a colorless liquid derived 

from petroleum. 

Gatorade: a "sports" drink concocted by a team of chemists in 

1965 at the University of Florida (which has the alligator as 

its mascot). Gatorade was designed to replace body fluids lost 

during hot, sweaty physical exertion. Any perceived aid from 

Gatorade owes to the placebo effect. Further, no gators have 

been aided by the drink, and so continue their decline in 

swamps throughout the American south, despite being the 

ostensibly esteemed state reptile in Florida, Louisiana, and 

Mississippi. The American alligator is commercially "har-

vested" for its meat and skin. 

GDP (gross domestic product): a distorted monetary measure of 

the value of all final goods and services produced in an econ-

omy for some period (usually yearly or quarterly). GDP 

measures are wildly off, as they fail to measure much eco-

nomic activity. 

gene: the idea that nucleic acids provide instructions for produc-

ing an organic molecule, typically a protein. Genes do not ex-

ist; they are merely a construal. The actuality of genetics is 

more intricate than supposed by matterist geneticists, as 

heritable bioproduct information is stored energetically, with 

organic molecules as illusory material substrates. 

General Electric (GE) (1892–): American multinational conglom-

erate corporation descended from Thomas Edison's electric-

ity-related companies, with an abysmal record of polluting 

wherever it sets down. 
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General Motors (GM) (1908–): America car maker that began as 

a holding company for American industrialist William Du-

rant. Durant had been a leading manufacturer of horse-

drawn vehicles before his foray into cars. 

genetically modified organism (GMO): an organism with its ge-

nome modified by humans. Genetic modification (GM, aka 

genetic engineering (GE)) is exemplary of human tendency to 

use technology on a broad scale before understanding its ac-

tual benefits and risks. In the case of GM crops, there have 

been no benefits to food quantity or quality, but numerous 

risks to human health while more intensely degrading the 

environment. 

genetics: the study of heredity and variation in life forms at the 

molecular level. The 4 major subdisciplines of genetics are 

transmission genetics (heredity), molecular genetics (chem-

istry), population genetics (traits in populations), and epige-

netics (influences of living on inheritance). 

genome: the complete set of genes within an organism. Like 

genes, a genome is merely a concept, not phenomenal. 

German Hansa (aka Hanseatic League): a defensive confedera-

tion of merchant guilds and market towns that dominated 

sea trade in the northern Europe from the 13th–17th centu-

ries. 

German idealism (aka post-Kantian idealism): a philosophical 

movement that emerged in Germany in the 1780s and lasted 

until the 1840s. The most famous in the movement were 

Kant, Fichte, and Hegel. The root of this idealism is the 

recognition that properties in Nature are solely the product 

of perception, not inherent in the objects themselves. 

Germany: a nation in northern central western Europe that has 

shaped European politics since the fall of the western Roman 

Empire. Germany has 82.2 million people (2018). 

Giffen good: a good that violates the law of demand, in that ei-

ther that people consume more as the price rises, or vice 

versa; named after Robert Giffen. 

gigabyte (GB): 230 (1,073,741,824) bytes (= 1,0243). Storage drive 

manufacturers cheat, and call a GB a billion bytes 

(1,000,000,000). 
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GlaxoSmithKline: large British drug maker, formed through 

multiple mergers of companies to dominate the industry. 

Glorious Revolution (1688): the overthrow of King James II of 

England by Dutch stadtholder William of Orange, who was 

invited by English Parliamentarians to dispose of the king. 

England's ruling class was Anglican. Parliament had the dire 

concern that continued rule of James, a Catholic, could lead 

to a Roman Catholic dynasty aligned with France. This 

would, it was feared, eviscerate Parliament's power. Wil-

liam's invasion of England led to his ascending of the English 

throne as William III of England, jointly with his wife, Mary 

II of England, in accordance with the 1689 Bill of Rights, 

which was an act of Parliament that set the limits of monar-

chial rule. 

glyphosate (C3H8NO5P): an herbicide marketed by Monsanto 

under the trade name Roundup®. 

go (Chinese: 围棋; Japanese: 囲碁): a strategy board game in-

vented in China 2,500–4,000 years ago. 

God: the myth of an immortal supreme being who is omniscient 

and typically omnipotent, albeit often inexplicably reserved 

in exercising such power in moral ways comprehensible to 

mere mortals.  

Golan Heights: an 1,800 km2 geographic region between Israel 

and Syria. 

gold (Au): the element with atomic number 79; one of the heav-

iest elements naturally made (only lead (82) is heavier). Gold 

is a bright, reddish-yellow (golden) malleable metal. Gold is 

one of the least-reactive chemical elements. Compare silver. 

Gold Standard Act of 1900: a US federal law establishing the 

gold standard: gold as the sole metal for redeeming paper 

money. 

Goldman Sachs (1869–): American multinational investment 

bank. 

gonopod: a specialized appendage that various arthropods use 

in reproduction or egg-laying. In males, gonopods facilitate 

sperm transfer. 

good (economics): an item of commerce. The term insinuates the 

goodness of materialism. 
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Google: an American technology corporation that feeds on Inter-

net traffic with its advertising service. 

grain of salt: an English idiom meaning skeptical reception, or 

to not take literally. 

graphical user interface (GUI): a computer software user inter-

face relying upon images that may be selected with a point-

ing device to activate various functionality. 

Great Depression (1929–1939): the longest and most severe eco-

nomic downturn experienced in the industrialized world 

prior to the 21st century. The financial shock that sparked 

the depression originated in the United States. Its contagion 

quickly spread to Europe. 

Great Famine (1315–1317): a famine in Europe – extending east 

to Russia and south to Italy – that killed millions and ended 

the economic growth period of the 11th–13th centuries. The 

Great Famine was of only of magnitude and duration. Fam-

ines were frequent in medieval Europe. Cool temperatures 

and incessant rain in the spring of 1315 resulted in wide-

spread crop failures, leading to famine. Historically high pop-

ulation levels and the ineffectiveness of medieval 

governments contributed to the crisis. Continuing cold, wet 

weather prolonged the famine. Starvation abated in the sum-

mer of 1317 as the weather returned to its pre-famine pat-

tern. 

Great Lakes: large freshwater lakes in northeastern North 

America, covering 244,106 km2. 

Great Oxidation Event (aka Great Oxygenation Event, GOE) (be-

ginning 2.45 BYA): biologically induced augmentation of diox-

ygen (O2) into Earth's atmosphere. Cyanobacteria begat the 

'event' via photosynthesis on a massive scale. The first oxy-

gen-generating organisms arose long before, 3.4 BYA. The on-

set of Earth's oxidation was neither an "event" nor "great." 

The initial oxidation was only a few parts per million of O2. 

Atmospheric oxygen did not begin a serious upswing until 

850 MYA. 

Great Pacific garbage patch (aka Pacific trash vortex): a massive 

gyral concentration of plastic marine debris in the north cen-

tral Pacific Ocean, located roughly from 135°W to 155°W and 

35°N to 42°N. 
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Great Recession (2009): a sharp, severe worldwide economic 

downturn caused by financial speculation, especially in real 

estate. While official statistics define the recession as global 

for only a single year, the recession in many countries begin 

in 2008 and lasted into 2011 or later. 

greenhouse: an enclosed area, usually with much glass to let 

abundant sunlight in, in which a desired temperature range 

is maintained. Greenhouses are used to cultivate tender 

plants or grow them out of season. 

greenhouse effect: the process by which radiation from the at-

mosphere warms a planet's surface. 

greenhouse gas: an atmospheric gas that has a warming effect 

on a planet's surface from shedding heat energy absorbed via 

infrared radiation. The primary greenhouse gases in Earth's 

atmosphere are carbon dioxide, methane, nitrous oxide, and 

ozone. Water vapor acts as a greenhouse gas. 

gross domestic product: see GDP. 

Gunter's quadrant: an instrument for solving many common 

problems associated with spheres, such as taking the altitude 

of an object in degrees and figuring the hour of the day. 

Gunter's rule: a large engraved plane scale that helped answer 

navigational and trigonometry questions, aided by a pair of 

compasses. 

gypsum (sulfate dihydrate (CaSO4·2H2)): a soft sulfate mineral 

used as fertilizer, and the main constituent in plaster, black-

board chalk, and wallboard. Alabaster, a fine-grained light 

variety of gypsum, was used for sculpture by many ancient 

cultures, and in medieval England. 

gyre: a conceptual framework treating a physical system as a 

dynamic vortex. A gyre is characterized by its structure, 

qualities, and interactions. 

H 

Haarlem: a city in north Holland, near Amsterdam. 

Haber process: a process for synthesizing ammonia, involving 

the nitrogen fixation reaction via hydrogen gas and nitrogen 

gas, catalyzed by enriched iron or ruthenium; named after 

German chemist Fritz Haber. 
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Hansa (aka Hanseatic League, Hanse): a defensive and commer-

cial confederation of merchant guilds and market towns 

along the coast of northern Europe from the 13th–17th cen-

turies. 

hardware (computer): the physical devices associated with a 

computer. Contrast software. 

Harley-Davidson (1901–): American motorcycle manufacturer. 

heat engine: a machine that transforms a portion of the thermal 

energy entering it into mechanical power. 

hectare: the standard metric unit of area; 1 hectare = 10 km2, 

2.47 acres. 

hedge fund: an exclusive investment fund. Hedge funds are un-

regulated. 

heterotroph: an organism that cannot make its own food. All an-

imals are heterotrophs. Compare autotroph. 

heuristic (psychology): a simple, efficient rule employed to form 

judgments or make decisions. 

hexavalent chromium (Cr(VI)): the element chromium in the +6 

oxidation state. Hexavalent chromium is toxic and carcino-

genic. 

Hewlett-Packard (HP) (1938–): American electronics and com-

puter company founded by Bill Hewlett and Dave Packard in 

1939. In the 21st century, HP has suffered from mismanage-

ment: stupidly acquiring companies at ridiculous prices ra-

ther than developing its own technology; a common death-

rattle syndrome in technology companies after the bean 

counters take over. 

Himalayas: a young mountain range formed by the Indian sub-

continent moving north and slamming into Eurasia. 9 of the 

10 highest peaks on Earth are in the Himalayas. 

Holocene (11,700 years ago–1940): the interglacial epoch during 

icehouse before Earth headed into hothouse from manmade 

pollution. The current hothouse epoch – the Omegacene – has 

yet to be recognized. The Pleistocene preceded the Holocene. 

Holy Roman Empire (962–1806): an empire ostensibly reviving 

the Roman Empire, in central Europe, between France and 

Poland, from northern Italy to the North Sea.  
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Otto the Great, having inherited the kingship of Germanic 

lands in 936, through further conquest consolidated the ter-

ritories that would comprise the Empire. Otto was crowned 

Emperor by Pope John XII in 962. He would later have dis-

putes with the papacy. 

The Empire never achieved the level of political unifica-

tion attained in France, which was its rival. The Holy Roman 

Empire was dissolved by the last Emperor, Francis II, who 

abdicated in 1806, after being defeated during the Napole-

onic Wars. 

hominid: an ape descendant, some of which became hominin. 

Compare anthropoid. 

hominin: the hypothesized clade that supposedly descended into 

humans. 

Honda (1937–): Japanese motorcycle, automobile, aircraft, and 

power equipment maker. 

horology: the study of timekeeping. 

HP: see Hewlett-Packard. 

HTML (HyperText Mark-up Language): a tag-based markup lan-

guage for displaying document pages; the standard language 

for web page display on the World Wide Web. 

human capital: the idea of people as productive labor units. 

humus (soil): amorphous soil; the organic portion of soil, formed 

from partial decomposition of plant and animal matter. Hu-

mus contributes to the retention of nutrients and moisture. 

Hundred Years' War: see 100 Years' War. 

Huronian glaciation (aka Makganyene glaciation) (2.4–2.1 BYA): 

a global glaciation following the Great Oxygenation Event. 

hydraulic lime: lime used to make mortar. 

hydrocarbon: an organic compound entirely comprising hydro-

gen and carbon. Methane (CH4) is an exemplary hydrocar-

bon. 

hydrogen chloride (HCl): a colorless, corrosive gas. 

hyperinflation: a rapid debasement of a currency which destroys 

its purchasing power. Compare inflation. 

hypoxia: deprivation of oxygen. 
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I 

Iberian peninsula (aka Iberia): a peninsula in the southwest cor-

ner of Europe, including Spain, Portugal, and a bit of France. 

IBM: an American calculator and computer company founded in 

1911 that lost its technological edge in its supposed core com-

petencies in the 1970s and became a consulting corporation, 

which hurt profitability not a bit thanks to sharp manage-

ment. 

IC: integrated circuit. 

impecunious: impoverished. 

imperialism: a state acquiring the territory of another nation. 

Compare colonialism. 

India: the 7th-largest country (3.3 million km2), with 1.3 billion 

people (2018); on its own subcontinent in central southern 

Asia. India is an ancient civilization that once was a font of 

spiritual wisdom that has since gone dry, at least where gov-

ernance is concerned. India has a rapidly growing population 

matched by a rapidly deteriorating natural environment. The 

former won't last long but the latter will linger for centuries. 

Indus Valley Civilization (aka Harappan civilization) (~7,000–

~1500 BCE): a peaceful, prosperous civilization that flourished 

in the basins of the monsoon-fed Indus River, extending from 

northeast Afghanistan to northwest India. At its peak, the 

civilization may have had a population of over 5 million. 

Industrial Revolution: the era of industrialization that began in 

England in the mid-18th century. English economic historian 

Arnold Toynbee popularized the term in describing Eng-

land's economic development from 1760 to 1840. Industriali-

zation engendered 3 complementary social dynamics: 1) 

rapid urbanization, 2) a population boom, and 3) the destruc-

tion of the existing social hierarchy headed by landed aristoc-

racy, which was gradually replaced by a dominant social 

class of wealth inherited or made from manufacture, finance, 

and/or trade. 

inflation (economics): an increase in the general price level. 

From a monetary view, a lessening of a currency's purchasing 

power. Contrast deflation. Compare hyperinflation. 
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inheritance (object-oriented programming): the incorporation by 

a class of behaviors of an explicitly related class, typically a 

superclass. 

instrumentalism: the premise that a theory need not reflect re-

ality, but merely serve as a tool for predicting the future. 

Contrast scientific realism. 

integrated circuit (IC): a set of electronic circuits in a small sem-

iconductor package (chip). 

Intel Corporation (1968–): an American manufacturer of com-

puter components, notably microprocessors. 

interest (finance): a periodic amount paid for holding a debt in-

strument, such as a loan. See principal.  

internal combustion engine: an engine with working cylinders in 

which combustion occurs within the cylinders, providing me-

chanical power. 

International Monetary Fund (IMF) (1944–): an international or-

ganization tasked with goals oriented toward stable capital-

ist economic growth. The IMF was ironically born from the 

understanding that capitalism is inherently instable. 

Internet (1983–): a global computer network that evolved from 

ARPANET which now hosts the World Wide Web. 

interpreter (software): a software program that sequentially 

(statement by statement) translates source code in executa-

ble code and executes (runs) it. Compare compiler. 

iPhone (2007–): a portable touchscreen phone/computer made by 

Apple Computer. 

Iran: a Muslim nation in western Asia, 1.6 million km2, with 

81.8 million people (2018); home to one of the world's oldest 

civilizations. Iran's main neighbor to the west is Iraq. 

Iran–Iraq War (1980–1988): a war started by Iraq against Iran, 

following a long history of border disputes. The war was es-

sentially a Muslim religious dispute. Sunni-led Iraq was wor-

ried that Shia-majority Iran would inspire insurgency among 

Iraq's long-repressed Shia majority. So Iraq attacked Iran, 

hoping to take advantage of the supposed chaos in the wake 

of the 1979 Iranian Revolution. Iraq's offensive was quickly 

repelled, and the country spent the rest of the war on the de-

fensive. The war ended with both sides exhausted. 
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Iraq: a Muslim nation in western Asia, 437 thousand km2, with 

39 million people (2018). The alluvial plain region is histori-

cally known as Mesopotamia. Iraq's neighbor to the east is 

Iran. 

Iron Age (roughly 1300–500 BCE): the 3rd and last principal pe-

riod of the 3-age system; noted for widespread use of iron, and 

the development of steel. See Stone Age, Bronze Age. 

Islam (religion) (aka Muhammadanism): the religious system 

founded by Muhammad and informed by the Koran, with the 

basic principle of absolute submission to the god Allāh. 

Islam (sociology): the societies predominantly practicing Islamic 

religion. 

isochronism: equal or uniform in time. 

Israel: the Jewish-led nation in the Levant, founded in 1948 by 

Jewish takeover of land specified by the United Nations in 

1947 for both an Arab and a Jewish state. Israel is a thin slice 

of a country, 21 thousand km2, with 8.4 million people (2018). 

J 

Jansenism: a mostly French Catholic theological movement that 

emphasized original sin, human depravity, predestination, 

and the necessity of divine grace; originated by Dutch theo-

logian Cornelius Jansen, who was at odds with the powerful 

Jesuits, a sanctioned Roman Catholic order. 

Jericho: a city near the Jordan River; one of the oldest continu-

ally inhabited cities in the world: at least since 9000 BCE. 

Jesuits (aka Society of Jesus) (1539–): a male Catholic order be-

longing to the congregation founded by Spanish priest Igna-

tius of Loyola. Ignatius emerged as a religious leader during 

the Counter-Reformation, where his absolute obedience to 

the Pope held him in good stead with the Church. 

jet stream: an atmospheric river. Earth's polar jet is at roughly 

50º–60º latitude, and the subtropical jet is at around 30º. 

jihad: the Islamic term for struggle. 

joint-stock company: a business in which ownership is divided 

into shares which may be bought and sold. In modern law, a 

joint-stock company is typically synonymous with incorpora-

tion and limited liability. 
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JP Morgan Chase: American multinational bank. Its current 

structure evolved via combination of several large US banks 

since 1996. JP Morgan Chase has roots dating to a bank 

American politician Aaron Burr founded in 1799. In 2018, JP 

Morgan Chase was the largest of the big 4 banks in the US, 

which also include Bank of America, Citicorp, and Wells 

Fargo. 

Juglar cycles: periodic economic cycles in capitalism lasting 7–

11 years, identified by Clément Juglar in the 1850s. Compare 

Kitchin cycles, Kondratiev waves. 

junk bond: a high-yielding bond that rated below investment 

grade. 

junk email (aka (email) spam): unwanted email. 

K 

Kermadec Trench: a 10,047 km deep-ocean trench north of New 

Zealand, formed by subduction of the Pacific tectonic plate 

under the Indo-Australian plate. 

kernel (software): the essential core of a program; typically used 

to refer to the core of an operating system. 

kerosene (aka paraffin, lamp oil): a low viscosity, clear liquid 

combustible hydrocarbon derivative from petroleum, widely 

used as a fuel, especially for jet and rocket engines, as well 

as commonly employed for cooking and lighting. 

kilobyte (properly kB; typically, kb, or simply k): 210 (1,024) 

bytes; nowadays used loosely for 1,000 (previously, G was the 

common token for 1,000, particularly in reference to money 

denominations). 

king penguin (Aptenodytes patagonicus): a large species of pen-

guin, second only to the emperor penguin in size. King pen-

guins breed on subAntarctic islands. 

Kitchin cycles: short periodic economic cycles in capitalism last-

ing ~40 months, identified by Joseph Kitchin in 1923. Com-

pare Juglar cycles, Kondratiev waves. 

Klondike Gold Rush (1896–1899): a migration of ~100,000 pro-

spectors to the Klondike region in Canada's western Yukon 

territory, after gold was discovered near the confluence of the 

Klondike and Yukon rivers on 17 August 1896. Many of the 
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prospectors died from malnutrition, hypothermia, or ava-

lanches along the route. The Klondike gold rush was cut 

short when gold was discovered in the summer of 1899 

around Nome, Alaska, an accessible locale. 

Knickerbocker Trust Company (1884–1912): a trust company 

that became one of the largest US banks, before its ruination 

by backing the Heinze brothers, who tried cornering the US 

copper market in 1907. 

knowledge: cognition of facts or principles about Nature. Com-

pare knowlet, omniscience. 

knowlet: cognition of some subject matter. Compare knowledge. 

Kondratiev waves: long-term economic cycles in capitalism of 

50–60 years, identified by Nikolai Kondratiev in 1922. Com-

pare Kitchin cycles, Juglar cycles. 

Korean War (1950–1953): a war that started when North Korea, 

backed by the Soviet Union and China, invaded South Korea. 

Within 2 months South Korea was on the verge of defeat. The 

US provided 88% of the military personnel and almost all of 

the armaments in the UN-sponsored fight against North Ko-

rea. The war ended in a territorial stalemate, with an armi-

stice signed, but to this day no peace treaty. 

krill: a tiny crustacean found in all the world's oceans. 

Kroger (1883–): American grocery store and general retailer, 

founded by Bernard Kroger. 

Kuznets curve: a hypothetical relationship between income per 

capita and societal economic inequality, proposed by Simon 

Kuznets in 1955. The unfounded optimism of the economic 

Kuznets curve spawned an environmental Kuznets curve 

with regard to pollution and economic growth. 

L 

La Niña: the opposite Pacific Ocean dynamic to El Niño. 

laissez-faire: a doctrine opposing governmental interference in 

economic affairs. 

Last Glacial Maximum (33–26.5 TYA): the last severe glaciation 

period on Earth.  

Laurium, Greece: a coastal town in Southeast Greece, founded 

before the 11th century BCE, famed for its silver mining. 
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law of demand: the idea that demand falls when the price of a 

good goes up; an inverse relationship between price and 

quantity demanded, rendering a downward-sloping demand 

curve. 

lead (Pb): the element with atomic number 82; a bright, silvery, 

soft, malleable metal that is extremely toxic. Lead is the 

heaviest non-radioactive element. 

Lehman Brothers (1850–2008): American investment bank that 

was the 4th-largest such bank months before it declared 

bankruptcy for its participation in the mortgage securities 

bubble that burst in 2008.  

Levant: the geographical region encompassing modern-day Jor-

dan, Israel, Lebanon, and Syria. The term Levant first ap-

peared in English in 1497, originally meaning "the East." The 

Levant has been characterized as the "crossroads of western 

Asia, the eastern Mediterranean, and northeast Africa." 

leverage (aka gearing (UK, Australia)) (finance): any technique 

aimed at acting as a financial multiplier. Most often leverage 

involves buying more of an asset via borrowed funds. 

leveraged loan: a loan to an individual or company with a poor 

credit history and/or already carrying considerable debt. 

liability (finance): a debt or obligation. Contrast asset. 

liana: a long-stemmed woody vine. 

liberalism: historically, a political philosophy advocating the 

freedom of individuals, albeit with some concern for social 

equality. Classical liberalism stressed liberty (libertarian-

ism), whereas later social liberalism sought a balance be-

tween liberty and social justice. The term neoliberalism 

refers to a strain of laissez-faire economic liberalism that 

arose in the 1970s. In Spokes, liberal or liberalism is used in 

the classical sense (in historical context), but when discuss-

ing modern ideologies, social liberalism is intended, with its 

principle concern of societal equity. 

libertarianism (historically classical liberalism): a political 

philosophy that places individual liberty as its principle 

objective. 

Libor (London Interbank Offered Rate, aka LIBOR) (1984–): a 

set of interbank lending rates set by banks; originated in 

England. 
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lime: a calcium-based inorganic material. Lime is nominally cal-

cium oxide (CaO). A close relation is slaked lime (calcium hy-

droxide (Ca(OH)2)). 

limestone: a sedimentary rock, largely comprising calcite and 

aragonite, which are different crystal forms of calcium car-

bonate (CaCO3). 

limited liability: a legal circumscription of financial liability. 

Linux (1991–): a Unix-like OS, with a kernel developed by Linus 

Torvalds. 

liquidity (finance): the ease with which an asset can be con-

verted into cash; more loosely used to express the financial 

environment in terms of money availability. 

Lisp (acronym for List Processor): a high-level computer pro-

gramming language, first specified in 1958; long a favored 

language for artificial intelligence programming. 

Little Ice Age (1300–1850): an extended period of planetary cool-

ing. Though the Little Ice Age began ~1300, there were 3 par-

ticularly cold intervals: the 1st beginning in ~1650, the 2nd 

~1770, and the last in 1850. Slight warming separated these 

lengthy cold snaps. 

loam: soil which is roughly 40% sand, 40% silt, and 20% clay. 

Loam soils generally contain more plant nutrients, moisture, 

and humus than sandy soils, and offer better drainage and 

water and air infiltration than silt or clay soils, as well as 

being easier to till than clay soils. 

loan: money lent at interest. 

lobster: a large marine crustacean with 5 pairs of legs, a long 

body and muscular tail. Lobsters are found in all oceans, re-

siding in burrows or crevices on the sea floor. Lobsters may 

live 40–60 years, possibly more. 

Lockheed (1926–): American aerospace company which merged 

with Martin Marietta to form Lockheed Martin in 1995. 

loess: an unstratified loamy deposit, usually yellowish brown, 

carried by the wind. Loess is found in Asia, Europe, and 

North America. 

logarithm: the inverse operation to exponentiation. 

loom: a device to weave cloth. 
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Low Countries: the coastal region of northwestern Europe, 

where much of the land is below sea level. The Low Countries 

comprised Belgium, the Netherlands, and Luxembourg. 

Lucasfilm (1971–2012): American film and TV show production 

company founded by George Lucas and sold to Disney in 

2012. 

Luddites: a 19th-century group of English textile artisans who 

took to destroying weaving machinery to protest capitalist 

exploitation, not technological progress per se, as is com-

monly portrayed. 

Lydia: an Iron Age kingdom in western Anatolia that reached 

its apex in the 7th century BCE. 

M 

Mack Trucks (1907–): American truck maker. 

MacDonald's (1940–): American fast-food restaurant franchise 

company, founded by brothers Richard & Maurice MacDon-

ald, and expanded as a franchise operation by Ray Kroc. 

Macedonia: an ancient kingdom on the northern periphery of 

Classical Greece which became the dominant state of Hellen-

istic Greece in the 4th century BCE. 

macrobe: an organism larger than a microbe. 

macroeconomics: the study of regional or national economic dy-

namics. Compare microeconomics. See political economy.  

Macromedia (1992–2005): an American graphics, multimedia, 

and web development software company; bought by Adobe 

Systems in 2005. 

malathion (C10H19O6PS2) (aka carbophos (Russia), maldison 

(Australia and New Zealnd), mercaptothion (south Africa)): 

an organophosphate insecticide that disrupts the nervous 

system. 

malware: software intended to damage other computer software 

or take control of its operations. 

manorialism: an agrarian estate feudal structure. 

marginalism: a school of economic thought emphasizing the in-

cremental nature of economic activity. 
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Mariana Trench (aka Marianas Trench): a deep-ocean trench in 

the western Pacific Ocean, to the east of the Mariana Islands. 

With a maximum depth of ~11 km, the trench is 2,550 km 

long, averaging 69 km wide. The Mariana Trench forms 

where the Pacific tectonic plate subducts from the east be-

neath the Mariana plate to the west. Pressure at the bottom 

of the trench is over 1,000 times sea-level atmospheric pres-

sure. Temperature is 1–4 ºC. Fish, crustaceans, and other an-

imals live deep within the trench, which also hosts abundant 

microbial life. 

Mark I (aka Automatic Sequence Controlled Calculator (ASCC)): 

an electromechanical computer proposed by Howard Aiken. 

Work began in 1937. IBM funded the effort from 1939. The 

calculator was completed in February 1944, and officially re-

tired in 1959. 

market: an aggregation of buyers and sellers for a certain range 

of products and/or services. 

market economy: an anarchic economy, reliant upon market 

transactions. Contrast command economy. 

Marshall Plan (officially the European Recovery Program) 

(1947–1950): an American aid program to western European 

nations after World War 2; named after Secretary of State 

George Marshall, as he had bipartisan political admiration 

for his soldiering during the War. 

mass extinction: the indiscriminate extinction of many species 

during an extinction event. Contrast background extinction. 

Massachusetts Institute of Technology (MIT) (1861–): a private 

research university in Cambridge, Massachusetts. 

materialism (psychology, economics): a worldview valuing ma-

terial consumption and possessions. 

materials science: the discovery and design of new configura-

tions of matter, especially solids. 

McDonnell Douglas (1967–): American aerospace manufacturer 

and war machine provider. The parent companies were 

Douglas Aircraft (founded 1921) and McDonnell Aircraft 

(founded 1939). 

Medieval period: the Middle Ages. 

megabyte (MB): 220 (1,048,576) bytes (= 1,0242). 
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Meiji period (1868–1912): the era in Japan when Emperor Meiji 

reigned, notable for the country's rapid modernization. 

Mekong River: a river flowing south from west-central China, 

through southeast Asia (Myanmar, Laos, Thailand, Cambo-

dia, and Vietnam), before discharging into the South China 

Seas. 

mercantilism: the economic theory and praxis dominant in Eu-

rope in the 16th–18th centuries, promoting governmental 

regulation of the economy so as to augment state power. To-

day's vestige of mercantilism is called economic nationalism. 

Mesopotamia: an area of the Tigris-Euphrates river system, 

widely considered the Western cradle of civilization during 

the Bronze Age. Indigenous Sumerians, Assyrians, and Bab-

ylonians were there at the onset of written history 3100 BCE. 

metalloid (aka semimetal): a chemical element with properties 

of metals and nonmetals. There is no standard definition of a 

metalloid, but the term is common in chemistry. 

metallurgy: the extraction of metals from their ores. 

methane (CH4): a flammable, explosive gas, which is colorless, 

odorless, and tasteless to humans. 

methanogen: anoxic archaea that produce methane as a meta-

bolic by-product. 

microeconomics: the study of the economic dynamics of house-

holds and businesses. Compare macroeconomics.  

microprocessor: an integrated-circuit semiconductor chip that 

incorporates a computer's central processing unit (CPU). 

Microsoft (1975–): American software company founded by Paul 

Allen and Bill Gates. Being contracted by IBM to develop the 

OS for the IBM PC in 1980 put Microsoft in the catbird seat 

in the software industry; a monopolistic position that it ruth-

lessly strived to maintain. Microsoft makes the world's most 

popular operating system (Windows) and general productiv-

ity software (Office). 

methane (CH4): a flammable, explosive gas. Methane is formed 

in mashes and swamps from decaying organic matter. 

microbe: a microorganism, typically single-celled. Microbes in-

clude archaea, bacteria, and fungi. Contrast macrobe. 
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Middle Ages (aka Medieval period) (~467–1400): the period of 

European history between the 5th and 15th centuries, begin-

ning with the collapse of the Roman Empire. 

mind-set: a fixed mental orientation. 

Minoan (civilization) (~2800–1420 BCE): an Aegean Bronze Age 

civilization flourishing on the island of Crete until overrun 

by the Mycenaeans from mainland Greece. 

MIT: see Massachusetts Institute of Technology. 

mitochondrion (plural: mitochondria): an organelle that acts as 

a cell's power plant, generating a supply of ATP. 

Moluccas: see Spice Islands. 

monetarism (economics): the school of thought that emphasizes 

a government role in controlling the amount of money in cir-

culation. 

money: a medium of exchange, often, though not necessarily, 

symbolic; a fungible applicable to purchasing goods and ser-

vices. Compare currency. 

monochronic (culture): a culture that views time as linear and 

divisible, and particularly monetary (time as money). Con-

trast polychronic. 

monoculture: growing only 1 crop on a farm. 

monopoly (economics): a market condition where there is only 1 

seller, with the power to set price and supply. Compare 

oligopoly. 

moral absolutism: the principle that acts are intrinsically right 

or wrong. 

morality: the differentiation between social right and wrong 

based upon fairness. The philosophy of morality is ethics. A 

moral code is a creed of morality. 

more (sociology): a folkway of central importance; a strongly 

held norm. 

Morgan Stanley (1935–): American investment bank and broker-

age firm, formed by J.P. Morgan partners Henry Morgan and 

Harold Stanley in response to the 1935 Glass–Steagall Act, 

which required that banks could not pursue both commercial 

and investment banking, as it created an inherent conflict of 

interest within such a combined firm. 
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Morse code: a method of transmitting text through a series of 

short and long signals respectively denoted dots and dashes. 

mosaic virus: a nontaxonomic name for viruses which cause 

plant leaves to speckle and stunt plant growth. 

motherboard (aka mainboard, system board): the main printed 

circuit board (PCB) in computers. 

Multics (an acronym for Multiplexed Information and Compu-

ting Service): a cooperative project between MIT, GE, and 

Bell Labs that began in 1964 to develop a scalable time-shar-

ing operating system. Bell pulled out in 1969, convinced of 

the project's economic infeasibility. 

multimedia: the combined use of different media in software ap-

plications, such as sound and animation or video. 

multiple inheritance (object-oriented programming): the ability 

of a class to inherit from multiple superclasses. 

Muslim: an adherent of Islam. 

MYA: millions of years ago. MY as an acronym for "million years" 

is deprecated in modern geophysics, in favor of Ma, short-

hand for megaannum. 

N 

naphtha: a flammable liquid hydrocarbon; either a natural gas 

condensate, or the lightest distillate of peat, petroleum, or 

coal tar. 

Napier's bones: a set of 4-sided rods that afforded multiplication 

and division by physical manipulation. 

naringin (C27H32O14): a naturally occurring, bitter flavonoid in 

citrus fruits, especially grapefruit. 

NASA (National Aeronautics and Space Administration): the 

US government civilian (as contrasted to military) space 

agency. 

nation: a political territory. Compare state. 

nativism (politics): the policy of protecting native inhabitants 

against immigrants. 

Natufian (14,500–9,500 BCE): a sedentary population in the Le-

vant before adopting agriculture. The Natufians may have 

been one of the first Neolithic settlements in the region. 
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natural gas: a methane-rich gas formed either by methanogens 

or thermogenically from buried organic matter compressed 

and heated over millions of years. Compare coal, petroleum. 

natural logarithm: a logarithm with e as its base. 

natural monopoly: an industry which is most efficient if the mar-

ket is provided for by a single company (rather than being 

subject to competition). 

Nature: the exhibition of existence. 

neoclassical economics: an ill-definable school of economics pos-

ited on 3 unrealistic assumptions: 1) people have rational 

preferences; 2) individuals maximize their utility and firms 

maximize profits; and 3) people act independently based 

upon all relevant information. 

Neolithic (aka New Stone Age) (10,200 BCE–[4500–2000] BCE): a 

technological era in human prehistory marked by the devel-

opment of metal tools and by the domestication of crops and 

animals; coined by Charles Lyell in 1865. 

neonicotinoid (aka neonic): a group of insecticides chemically 

similar to nicotine. 

neopositivism: a movement in Western philosophy that values 

only knowledge backed by empirical evidence (verification-

ism). Neopositivism originated with philosophers, scientists, 

and mathematicians in Berlin and Vienna in the late 1920s 

and flourished in European intellectual circles in the 1930s 

before becoming the modus operandi of economics in the 

1940s. 

Netscape (1994–1999): a web browser company bought by AOL 

in 1999. The Netscape browser lost its corporate support in 

2008, but then, as a brand name, was shilled as a discount 

Internet service provider. The legacy of the Netscape browser 

lives on. Netscape created the open-source software project 

Mozilla in 1998, then publicly released its browser source 

code, which evolved into the Firefox browser (2002–). 

network effect: a gyre of activity related to a nexus good, service, 

or event. A positive network effect occurs when the value of a 

network improves with more people involved. A negative net-

work effect happens when the activity associated with a net-

work degrades with more participants. 

neurotoxin: a poison to nerve cells. 
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neutron star: a stellar remnant from the gravitational collapse 

of a massive star (supernova). Neutron stars are mostly made 

up of neutrons, condensed to the utmost extent. 

New Deal (1933–1939): the domestic policy of US President 

Franklin Roosevelt to pull the nation out of the Great De-

pression through government economic activities. The New 

Deal embraced the concept of a government-regulated econ-

omy. 

New World: the Western Hemisphere, specifically the Americas 

and nearby islands; sometimes Oceania is included. The term 

originated in the early 16th century by European explorers 

expanding their worldly horizons. Contrast Old World. 

Nissan (1914–): Japanese automaker. 

nitrogen (N): the chemical element with atomic number 7; a col-

orless, tasteless, odorless element that, as a diatomic gas 

(N2), is relatively inert. 

nitrogen oxide (NO): a harmful colorless gas that oxidizes into 

other forms. 

nitrogen oxides (NOx): the generic term for nitric oxide (NO) and 

nitrogen dioxide (NO2).  

nitrous oxide (N2O) (aka laughing gas): a colorless, nonflamma-

ble gas with a slightly sweet odor and taste; used in surgery 

and dentistry for its anesthetic and analgesic effects. 

noble gas: an odorless, colorless, monatomic gas with low chem-

ical reactivity. The 6 noble gases that naturally occur are he-

lium, neon, argon, krypton, xenon, and radioactive radon. 

Norman conquest (1066–1072): the 11th-century invasion and 

occupation of England by the Normans (French), led by Wil-

liam the Conqueror. 

numismatics: the study of artifacts which were treated as 

money. 

O 

object (software): a modular source code construct for data or 

program instructions. 

object code: compiled or interpreted source code that a CPU can 

execute. 
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object-oriented programming (OOP): a programming paradigm 

based upon the concept of modular objects that interact with 

each other. Compare structured programming. 

obsidian: volcanic glassy rock. 

Odyssey: an epic poem attributed to Homer; the sequel to the 

Iliad. The Odyssey is about the journey home by Greek hero 

Odysseus after the fall of Troy. The Iliad depicts the decade-

long siege of Tory. 

Office of the Comptroller of the Currency: official US bank exam-

ining bureau. 

Old World: Africa, Europe, and Asia; the part of the world 

known to Europeans prior to their sojourns to the Americas. 

Contrast New World. 

oligopoly (economics): a market condition where there are few 

sellers, giving them the power to set price and other market 

factors. Compare monopoly. 

oligopolization: the process of economic concentration. 

omniscience: the quality of having infinite awareness and un-

derstanding. Compare knowledge. 

oomycete: an algae-like fungus in the Oomycota phylum. Many 

are plant pathogens, such as one that causes potato blight. 

OOPC: a cross-platform software development product compris-

ing an objected-oriented extension to the C language and an 

application development library written in the OOPC lan-

guage, developed by Electron Mining. 

OPEC (Organization of Petroleum Exporting Countries) (1960–): 

an intergovernmental organization of 13 petroleum-export-

ing nations: Algeria, Angola, Ecuador, Indonesia, Iran, Iraq, 

Kuwait, Libya, Nigeria, Qatar, Saudi Arabia (the de facto 

leader), United Arab Emirates, and Venezuela. The founding 

members were Iran, Iraq, Kuwait, Saudi Arabia, and Vene-

zuela. 

operating system (OS): software that manages all basic com-

puter operations, including peripheral-device firmware and 

file storage, and provides common services for application 

programs. 

Opium Wars (1839–1842, 1856–1860): 2 wars waged by Britain 

against China to allow it to continue to import and sell opium 

in China so as to reduce its balance of trade deficit. France 
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joined in the 2nd war, and the United States engaged into 

some incidents. China lost both wars and was thereby forced 

to accede to foreign demands to open trade. In the Treaty of 

Nanking (1942) that concluded the 1st Opium War, China 

ceded Hong Kong to the UK in perpetuity. 

organochloride: an organic compound with at least 1 covalently 

bonded chlorine atom that provides a dominant functionality. 

organophosphate: an ester of phosphoric acid (H3O4P). Many of 

the most important biochemicals are organophosphates, in-

cluding DNA, RNA, and many cofactors essential for life. 

ornithology: the study of birds. 

OS: see operating system. 

ostrich effect (behavioral finance): the attempt by an investor to 

avoid negative financial information. 

Ottoman Empire (1299–1922): a contiguous Euro-Asian trans-

continental empire, first established as a state in northwest 

Anatolia (Turkey) by Turkish tribes led by Osman I. The 

state ascended to empire with the conquest of Constantinople 

in 1453. The Ottoman Empire attained its apex in the mid-

16th century under the reign of Suleiman the Magnificent: 

controlling much of western Asia, north Africa, and south-

east Europe. The Empire lasted through threats, stagnation, 

and decline until its dissolution as an aftermath of the 1st 

World War. Ottoman Empire Turks had an exaggerated rep-

utation for violent rapacity in Europe. They were instead ra-

ther benign toward their subjects, as long tax revenues rolled 

in, and the populace was subdued. No wholesale attempts on 

Christians were made to convert to Islam. Jews were toler-

ated, to the extent that when Jews were forced to convert to 

Christianity or face banishment from Spain in 1492, many 

skilled artisans and educated professionals happily accepted 

service under the sultan. 

overclass: the highest social stratum in a society, having the 

most prestige, influence, and wealth. Compare underclass. 

Oxfam International (1942–): a UK-founded international or-

ganization interested in human rights and equity. 

ozone (O3, aka trioxygen): a triatomic molecule comprising 3 ox-

ygen atoms. O3 is less stable than O2 (dioxygen). Ozone is 

formed by ultraviolet radiation of dioxygen. 
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ozone layer: a region of Earth's stratosphere which absorbs most 

of the Sun's ultraviolet radiation by dint of high concentra-

tions of ozone; discovered by Charles Fabry and Henri Bu-

isson in 1913. 

P 

Pacific Ring of Fire: a seismic belt of geological hot spots that 

runs from north of New Zealand up through Indonesia, Ja-

pan, and the Aleutian Islands, then down the west coast of 

the Americas, ending in Southern Chile. 

Paleocene–Eocene Thermal Maximum (PETM, 55.8 MYA): a pe-

riod of rapid global warming. 

panethnic: a people of multiple ethnic origins. 

panic (finance): a consequential conniption by investors. 

paracosm: a detailed imaginary world. 

PARC (1970–): Xerox's Palo Alto Research Center (1970–2002) 

which was spun off into an independent company in 2002. 

Pascal (software): a structured programming language devel-

oped by Niklaus Wirth 1968–1969. 

Pascal's principle (aka Pascal's law, principle of transmission of 

fluid-pressure): a principle that pressure change to a fluid in 

a closed container transmits equally throughout the fluid and 

to the wall of the container; enunciated by Blaise Pascal in 

1647–1648. 

passenger pigeon (aka wild pigeon, Ectopistes migratorius): a 

migratory pigeon, once found in deciduous forests across 

most of North America east of the Rocky Mountains; hunted 

to extinction by humans in the last half of the 19th century. 

Pax Britannica (Latin for British Peace) (1815–1914): the cen-

tury of relative peace in Europe during which the British Em-

pire became the global hegemonic power and adopted the 

pose of global police force. 

PCB (polychlorinated biphenyl (C12H10-xClx)): a synthetic, or-

ganic chlorine compound derived from biphenyl ((C6H5)2), 

which is a molecule composed of 2 benzene rings. PCBs have 

been a known carcinogen since the mid-1930s. PCBs are also 
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a neurotoxin and endocrine disrupter. PCB was used in die-

lectric and coolant fluids until banned in the US in 1979 and 

internationally in 2001. 

Peace of Westphalia (1648): a series of peace treaties between 

May and October 1648, involving Holy Roman Emperor Fer-

dinand III of the House of Habsburg, the Princes of the Holy 

Roman Empire, sovereigns of the free imperial cities, the 

Kingdom of France, the Swedish Empire, the Kingdom of 

Spain, and the Dutch Republic. The Peace of Westphalia in-

troduced the concept of a sovereign state governed by a ruler 

and established a prejudice against interfering in another 

nation's domestic commerce. 

peasant: a lower-class free person that farms or is a hired la-

borer. Compare serf. 

peat: an accumulation of partly decayed vegetation and other 

organic matter that becomes part of the soil. Areas rich in 

peat are called peatlands, bogs, mires, moors, or muskegs. 

pedology: the study of soils. 

pension fund (aka superannuation fund): a fund which provides 

retirement income. Pension funds are major investors, and 

are especially important to stock markets, where large insti-

tutional investors dominate. Pension funds worldwide collec-

tively held $39.6 trillion US in assets in 2015. 

permafrost: perennially frozen soil. Most permafrost is in the 

high latitudes (polar regions), but also occurs in high moun-

tain ranges (alpine permafrost). 

pest: an organism deemed a nuisance. 

pesticide: a biocide intended to destroy pests. 

petroleum: a natural yellow-to-black liquid comprising algae, zo-

oplankton, and other organisms crushed, heated, and lique-

fied. Compare coal, natural gas. 

pH: a measure of acidity which ultimately relates to the number 

of protons in a solution. 7 = neutral; < = acidic; > = base (al-

kaline). 

phosphine (PH3): a colorless, flammable, toxic gas. 

phosphoric acid (H3PO4): a corrosive acid. 
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phosphorous oxychloride (POCl3): a colorless liquid that hydro-

lyzes in moist air, releasing phosphoric acid and choking 

fumes of hydrogen chloride. 

physiocracy: construing political and/or economic systems as a 

natural order. 

phytoplankton (aka microalgae): photosynthesizing aquatic or-

ganisms, both marine and freshwater; from the Greek words 

for plant and drifter. Oceanic phytoplankton is the primary 

food source, directly or indirectly, of nearly all other marine 

life. 

piezoelectric: the property of some nonconducting crystals to be-

come electrically polarized when mechanically strained and, 

conversely, becoming mechanically strained when an electric 

field is applied. 

Pixar (1979–2006): American computer animation film studio 

which began as part of Lucasfilm, purchased by Disney in 

2006. 

placebo effect: a rejuvenation owing solely to mental invigora-

tion via belief in a placebo (totemic treatment). 

plankton: small organisms living in a water column that are in-

capable of swimming against a current. 

Plaza Accord (aka Plaza Agreement): an agreement signed at 

the Plaza Hotel in New York City on 22 September 1985 

among the governments of the United States, Britain, 

France, West Germany, and Japan, to intervene in currency 

markets to depreciate the US dollar. The Plaza Accord was 

Reagan's response to the prospect of protectionist measures 

by Congress on behalf of US manufacturers. 

Pleistocene (2.588 MYA–11,700 YA): the epoch that followed the 

Pliocene and preceded the Holocene; defined by Charles Lyell 

for the emergence of modern marine mollusks. The Pleisto-

cene ends with passing of the Younger Dryas cold spell. 

plow (noun): an implement for cutting, lifting, and turning over 

soil, especially for preparing a seedbed. 

plutocracy: political rule by the wealthy. 

polar vortex: the gyre of low pressure and cold air at both of 

Earth's polar regions. 

political economy: the macroeconomic study of the economies of 

polities. Political economy evolved from moral philosophy, 
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developing in the 18th century into the study of the economic 

dynamics of nation-states. In the late 19th century, the term 

simplified to economics, owing the influential textbook Prin-

ciples of Economics (1890) by Alfred Marshall. Political econ-

omy is still used to specifically indicate the effects of 

governments on economies. 

polity: a political organization. 

polychronic (culture): a socially oriented culture that considers 

schedule adherence secondary to civility. Contrast mono-

chronic. 

polychlorinated biphenyl: see PCB. 

polyethylene ((C2H4)n) (aka polythene): the most common plastic, 

with 110 million tonnes produced in 2018. 

polymorphism (object-oriented programming): the ability of dif-

ferent classes to overload (use the same) behavior names. 

Popular Mechanics (1902–): a US-based technology magazine, 

originally oriented toward mechanical engineering. 

Porsche (1931–): German high-performance automaker. 

portability (software): the ease with which source code or a com-

puter program may be transferred to a different computer 

operating system. 

price mechanism: the manner in which prices affect the demand 

and supply of goods and services. 

principal (finance): the nominal amount of a debt. See interest.  

printed circuit board (PCB): a nonconductive planar sheet (typ-

ically glass epoxy) with conductive (commonly copper) elec-

tronic circuitry pathways embedded on its surface. PCBs also 

have holes into which ICs and other computer components 

are soldered on. 

private good: a good that is excludable and rivalrous. Anything 

that diminished by consumption is a private good (rivalrous). 

Anything that is private property is a private good (excluda-

ble). Contrast public good. 

processor (computer): a hardware unit, typically a single IC chip, 

that processes software. 

program (software): a computer-executable set of instructions. 

Compare application. 
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propane (C3H8): a 3-carbon alkane gas at ambient temperature 

and pressure, but compressible to a transportable liquid. 

Commonly used as a fuel, propane is a by-product of natural 

gas processing and petroleum refining. 

prospect theory (economics): a descriptive behavioral economic 

theory which posits that people make decisions based on the 

potential of immediate loss or gain rather than a probabilis-

tic final outcome. 

public good: a good that is non-excludable and non-rivalrous. 

Consumption of a public good by one individual does not di-

minish its consumption by others. Contrast private good. 

publican: a tavern (public house) keeper. In antiquity, notably 

the Roman Empire, publicans were public contractors. 

pyrethrum: an insecticide derived from chrysanthemum flowers. 

Q 

Quaker (aka Quaker Oats) (1901–2001): American oats supplier 

formed by merging 4 oat mills, which evolved into a breakfast 

cereal company. Quaker was bought by Pepsi, a fizzy drinks 

company, in 2001. 

quantitative easing (Q E): a monetary policy implemented by 

central banks to stimulate the economy via buying financial 

assets. QE is essentially a bailout of private financial insti-

tutions at taxpayer expense. 

quantum mechanics: a theoretical framework explaining suba-

tomic interactions from a particle perspective. 

quartz: a crystal in a framework of silicon-oxygen (SiO4) tetra-

hedra, where each tetrahedron shares an oxygen atom, effec-

tively rendering SiO2. Quartz is abundant in Earth's 

continental crust. 

QUERTY: a keyboard layout based upon the frequency of letter 

usage in English. The term derives from the first 6 keys on 

the top-left letter row. The ubiquitous QUERTY layout is inef-

ficient, in having only 1 vowel (a) on the home row, even 

though most English words contain a vowel. This forces the 

fingers to travel off the home row for most words. Other, more 

efficient keyboard layouts have been designed, but none have 

even remotely approached QUERTY in common usage. 
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R 

Radio Electronics (1929–2003): an American electronics maga-

zine. 

rational (psychology): agreeable to reason, good sense, and 

sound judgment. 

rationalization (sociology): setting aside human natural human 

inclinations toward emotional values and social mores for 

stark efficiency in meeting goals. 

reactionism (aka reactionaryism, reactionarism) (politics): belief 

in extremely conservative views or principles; favoring re-

gressive change and opposing progressive change. 

recession (economics): a general slowdown in economic activity. 

Compare stagflation, depression. 

recursion (programming languages): the ability of a behavior to 

iteratively call itself. 

reindeer (aka caribou in North America): a deer of the Arctic and 

Subarctic, resident in tundra and taiga biomes. 

Renaissance (14th–17th centuries): the European intellectual 

and cultural movement from the mid-14th century (after the 

Black Death) into the 17th century, characterized by collec-

tive nostalgia for classical antiquity, though it ended up with 

skepticism toward traditional thought. The Renaissance af-

fected the arts, religion, politics, philosophy, and science. 

Renault (1899–): French automaker. 

rent (economics): excess profit from economic power. 

renewable: something which doesn't wear out or go away. 

republic: a state which reflects the will of its citizenry. 

Republican Party: the dominant conservative-reactionary party 

in the US. Contrast Democratic Party. 

Resolution Trust Corporation (RTC) (1989–1995): a US govern-

ment-owned corporation run by William Seidman, tasked 

with liquidating assets of failed thrifts during the 1980s–

1990s savings and loan crisis. 

return on equity (RoE): the rate of return for ownership interest 

(shareholder equity). 
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Reverse Plaza Accord: a 1995 agreement among the United 

States, Germany, and Japan to reverse the 1985 Plaza Ac-

cord and strengthen the dollar against the yen and Deutsch 

mark. 

riparian: the bank of a natural watercourse, such as a stream, 

river, or lake. 

rpm: revolutions per minute. 

Roaring Twenties: the economic prosperity during the 1920s of 

the industrialized countries in North America and Western 

Europe, particularly in major cities. 

robber baron: beginning in the 1870s, a term applied to 19th-

century American business magnates who engaged in uneth-

ical and monopolistic practices, wielded widespread political 

influence, and amassed enormous wealth. The term origi-

nally referred to noblemen in the Middle Ages who func-

tioned as feudal warlords and were literally robber barons. 

Notable examples of American robber barons include Cor-

nelius Vanderbilt (railroads and shipping), Andrew Carnegie 

(steel), J.P. Morgan (financier), John D. Rockefeller (oil), and 

Bill Gates (software). The clever rascals all redeemed their 

reputations for posterity by becoming philanthropists in 

their later years. 

robot: a computerized device with sensory faculty and capable of 

independent activity. 

robotics: the application of computer technology to mechanical 

devices, typically for industrial and commercial activities. 

Roman Empire (27 BCE–467): the dynastic period of ancient Ro-

man civilization, following the 500-year Roman Republic, 

which was destabilized by a series of civil wars. 

Romanov, House of (aka Romanoff) (1613–1917): the 2nd and 

last imperial dynasty that ruled Russia. 

rotenone (C23H22O6): an odorless, colorless, crystalline ketone, 

used as a broad-spectrum insecticide, pesticide, and piscicide 

(fish killer). Rotenone foils electron transport in mitochon-

dria. Rotenone occurs naturally in the roots, seeds, and stems 

of several plants as a defense against herbivory. 

Russia: the world's largest country (17.1 million km2), with 146 

million people (2019); a late economic developer with a his-

tory of thuggish governance. 
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S 

safety match: a friction match that uses red phosphorus on the 

striking surface. 

Sahara Desert: north Africa, which is the largest hot desert, and 

the 3rd-largest desert, after Antarctica and the Arctic. 

Sahel: the ecoclimatic and biogeographic transition zone in Af-

rica between the Sahara Desert to the north and the Suda-

nian Savanna to the south. 

saprovore (aka detrivore, decomposer, saprobe, saprotroph): an 

organism that consumes decaying organic matter. 

savanna (aka savannah): a grassland biome with trees suffi-

ciently spaced so that the canopy does not close, despite a tree 

density that may be greater than a forest. 

savings and loan (aka thrift (institution); in Britain, building 

society): a financial institution that accepts personal savings 

deposits and makes loans to its members. 

science: the study of Nature from a strictly empirical standpoint.  

scientific realism: the view that the world described via science 

is the real (objective) world. Within this perspective, theories 

must both represent and predict real-world events. Contrast 

instrumentalism. 

scientific socialism: the social-economic-political system imag-

ined by Karl Marx: an egalitarian society with a planned 

economy. The term scientific socialism was coined by Marx's 

collaborator, Friedrich Engels. Contrast utopian socialism. 

SEC (Securities and Exchange Commission) (1934–): the US fed-

eral agency charged with enforcing securities laws and regu-

lating the securities industry. 

Second World War: see World War 2.  

selenium (Se): the element with atomic number 34; a non-metal 

used in glassmaking, pigments, and photovoltaics. Trace 

amounts of selenium are used for cellular function in many 

organisms, including all animals. In amounts larger than 

mere molecules, selenium is toxic. 

self-organized criticality: a property of dynamic systems where 

a critical threshold (tipping point) exists that, when passed, 

sets off a substantial reaction. 
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Seljuk dynasty (1037–1307): a Turkish, Sunni, Muslim dynasty 

that gradually adopted Persian culture and advanced its 

stature. The present-day people of Azerbaijan, Turkey, and 

Turkmenistan are descendants of Seljuk Turks. 

semiconductor: a material with an electrical conductivity be-

tween that of a conductor and an insulator.  

Semitic culture: a culture which speaks a Semitic language. Se-

mitic languages originated in the Middle East by the 30th 

century BCE. Today the most widely spoken Semitic lan-

guages are Arabic (300 million), Amharic (22 m), Tigrinya (7 

m), Hebrew (5 m), Tigre (1 m), Aramaic (0.8 m), and Maltese 

(0.5 m). 

serf: a lower-class person bound to the soil and the will of the 

owner of the land upon which the serf lives. Compare slave, 

peasant. 

Seven Years' War: see 7 Years' War. 

shale: clastic (fragmentary) sedimentary rock formed by heat 

and pressure over millions of years. 

shareholder: a person with shares of stock in a corporation or 

other economic enterprise. Compare stakeholder. 

shekel: an ancient currency based upon unit of weight, common 

among Western Semitic cultures. 

short sell (finance): the sale of a security which is not owned (but 

borrowed) by the seller, in the hope that the price drops and 

may thereby be bought shortly thereafter at a lower cost, 

reaping the short seller a profit of the difference between the 

security's price when sold (short) and when subsequently 

bought (long). 

Siberia: the vast Asian portion of Russia (since the 17th cen-

tury), east of the Ural Mountains. 

silane (SiH4): a colorless, flammable gas with a repulsive smell. 

Silane is employed in semiconductor and photovoltaics pro-

duction. 

silica (SiO2) (aka silicon dioxide): a ubiquitous crystalline com-

pound. Silicate minerals make up 90% of Earth's crust. See 

quartz.  

silicon tetrachloride (SiCl4): a colorless, volatile, toxic liquid that 

fumes in air; used to produce high-quality silicon and silica. 
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silver (Ag): the element with atomic number 47; a soft, white, 

lustrous, transition metal, with the highest thermal and elec-

trical conductivity of any metal, as well as having the great-

est reflectivity. Historically, silver served as the stepchild to 

gold as a currency unit. Compare gold. 

simian: the suborder of primate comprising the "higher pri-

mates": monkeys, apes, and humans. Simians tend to be 

larger than prosimians ("lower primates"). See prosimian. 

Simula: the first object-oriented programming language, devel-

oped 1962–1967 by Ole-Johan Dahl and Kristen Nygaard. 

Sinai Peninsula: a triangular peninsula 60,000 km2 in size, be-

tween Egypt and Israel. 

slide rule: a ruler with a sliding portion for mechanical calcula-

tion of multiplication and division, which also functions for 

roots, logarithms, and trigonometry. 

Smalltalk: an influential object-oriented programming lan-

guage developed at PARC. 

smelt: the process of heating an ore to extract its base metal. 

Snapple (early 1980s–1994): American bottled tea maker. Snap-

ple was bought by Quaker in 1994 and has since passed 

through other owners who retained the brand name.  

Snowball Earth (~800–630 MYA): a period in Earth's history of 

episodic near-global glaciation. 

social Darwinism: a term given to various societal theories that 

emerged in England and the US in the 1870s, which applied 

the Darwinian notion of "survival of the fittest" sociologically 

and politically. The term itself was coined in 1944 as a pejo-

rative by those with a more peaceable mind-set. 

socialism: a doctrine advocating that wealth be shared among 

the community; a societal and economic system of sharing, 

typically characterized by public ownership of enterprises. 

See scientific socialism, utopian socialism. 

sodium hydroxide (NaOH) (aka lye, caustic soda): a white, solid, 

and highly caustic metallic sodium base. 

SOFR (Secured Overnight Financing Rate): a measure of the 

cost of US banks borrowing cash overnight, collateralized by 

US Treasury securities; compiled by the New York Federal 

Reserve. 
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software (computer): programmed code that performs data pro-

cessing of every sort. Contrast hardware. 

solid-state drive (SSD): a portable packaged IC serving for dura-

ble memory storage. Compare disc drive. 

Solomon Islands: an island nation in Oceania, east of Indonesia, 

comprising 6 major islands and over 900 smaller islands. 

Song Dynasty (960–1279): the era in China founded by Emperor 

Taizu of Song, upon his usurpation of the throne of Later 

Zhou. The Song often warred with northern dynasties. The 

Song dynasty ended from conquest by the Mongol-led Yuan 

dynasty. The Song government was first to issue paper 

money, to use gunpowder, and to establish a permanent 

standing navy. 

source code: human-readable computer instructions in a soft-

ware program. Compare object code. 

Southern Ocean: the oceanic waters around Antarctica. 

Southwest Airlines (1967–): American cut-rate airline. 

Spanish Inquisition (1478–1534): a Spanish monarchial effort to 

maintain Catholic orthodoxy via violence, including torture 

and execution. 

species diversity (aka species richness): the variety of species in 

an ecosystem. Compare biodiversity. 

Spice Islands (aka Moluccas or Muluku Islands): an archipelago 

in eastern Indonesia, named for the cloves, mace, and nut-

meg originally exclusively found there in the 16th century. 

spinning wheel: a device for spinning yarn or thread from fibers. 

Spinning wheels first appeared in China in the 11th century. 

The technology spread to Europe within a century. 

stadial: an extended cold spell of insufficient duration or inten-

sity to be considered a glacial period. 

stadtholder: literally, a place holder. A stadtholder was a medi-

eval function: a man appointed by a feudal lord to represent 

him during the lord's absence. 

stagflation: a period of both high unemployment and high infla-

tion. 

stakeholder (economics): a person with a vested interest in an 

economic enterprise (e.g., company). Compare shareholder. 
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Standard Oil (1870–1911): an American oil company, estab-

lished by John D. Rockefeller. Standard Oil gained monopoly 

power, which the US Supreme Court decreed illegal, and had 

the company broken up. 

stannic chloride (SnCl4): a colorless, acidic liquid which fumes 

in contact with air, giving a stinging odor. 

Star Wars (1977–): American space opera film series set "a long 

time ago, in a galaxy far, far away," where rebels fight 

against galactic empires. May the Force be with you. 

state (politics): an abiding political institution represented by a 

government. Compare nation. 

steam engine: an external combustion heat engine for mechani-

cal work that uses steam for its working fluid; conceived of in 

the 1st century CE by Hero of Alexandria; practically realized 

in 1698 by Thomas Savery. 

stock (finance) (aka capital stock): a share of stock is a fractional 

ownership claim of a corporation. 

stock market (aka equity market): a market for trading shares of 

stock. 

stomata (singular: stoma): plant pores. 

Stone Age (roughly 3.4 MYA–3300 BCE): the 1st principal period 

of the 3-age system; noted for use of stone tools, prior to the 

advent of metalworking. See Bronze Age, Iron Age. 

Stonehenge: a famous prehistoric monument of huge standing 

stones in Wiltshire, England, built in stages 3100–1520 BCE, 

with the site originally used as a burial ground. The famous 

sarsen stones were added in the final stage; many of which 

were broken up and removed during Roman and medieval 

times. 

stratosphere: the temperature-stratified layer of Earth's atmos-

phere 10–50 km above Earth's surface, below the mesosphere 

and above the troposphere. 

structured programming: a programming paradigm emphasiz-

ing procedural modularity and data types. Compare object-

oriented programming. 

Stuart England (1603–1714): the line of monarchs in the House 

of Stuart, of which James VI of Scotland (1566–1625) was the 

first, and Queen Anne (1665–1714) the last. 
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subclass (object-oriented programming): a class which inherits 

from a superclass. 

subprime (finance): being inferior to the best-rated (prime) cus-

tomers of banks. The minimum interest a commercial bank 

charges to its best customers is its prime rate. The subprime 

lending rate is higher than the prime interest rate. 

subsidence: a sinking or downward settling of ground with scant 

horizontal movement; more generally, the process of lower-

ing, falling, or flattening. 

Sudanian Savanna: a broad belt of tropical savanna that runs 

east-west across mid-Africa. 

sulfur dioxide (SO2): a toxic gas with a pungent smell. 

Sumer (~5000–1900 BCE): an ancient civilization of at least 12 

city-states in southern Mesopotamia. Sumer was first settled 

by a non-Semitic people. The later-arriving Sumerians 

(~3300 BCE), immigrants from Anatolia, referred to them-

selves as the "black-headed people." 

superclass (object-oriented programming): a class from which 

other classes (subclasses) inherit. 

Superfund (Comprehensive Environmental Response, Compen-

sation, and Liability Act of 1980 (CERCLA)): a US federal 

law that tried to make egregious polluters pay to clean up 

sites they have fouled, or, barring that, using taxpayer mon-

ies (the so-called Superfund) to pay for cleanup. Owing to Re-

publican negligence, the Superfund program has been a flop. 

supply schedule: a graphical representation of the relationship 

between price and quantity supplied. See demand curve. 

sweating (aka perspiration): producing fluids secreted by sweat 

glands in the skin of mammals as a means of thermoregula-

tion via evaporative cooling. Although many mammals have 

sweat glands, relatively few profusely sweat enough to cool 

down. Horses and humans are exemplary exceptions. 

Syria: a nation in the Levant. The 1st Syrian civilization started 

in the 3rd millennium BCE. From March 2011, Syria de-

scended into a civil war that devastated the country. 
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taiga (aka boreal forest): a biome characterized by coniferous for-

est. 

tailings: residue separated during preparation of a product, typ-

ically mined ores or grown grains. 

Takata (1933–): Japanese automotive parts manufacturer. 

Tang Dynasty (618–907): an imperial dynasty in China, gener-

ally regarded as a high point in Chinese civilization, in being 

a golden age of cosmopolitan culture, notably literature, po-

etry, and painting. The 1st half of Tang rule was a time of 

stability. After an attempted usurpation (the An Lushan Re-

bellion), Tang central authority declined. Woodblock printing 

developed, and Buddhism had its initial influence on Chinese 

culture during the Tang Dynasty. 

tapioca: starch extracted from the tuber of a cassava plant. 

taqlid: an Islamic term for conforming to accepted religious law. 

tariff: a governmental tax on imports or exports. 

Tariff Act of 1930 (aka Smoot-Hawley Tariff): a US federal law 

implementing protectionist trade policies via increased tar-

iffs on imports. The Tariff Act of 1930 was an incremental 

pile-on to the Tariff Act of 1928, which had jacked tariffs up. 

taxon (plural: taxa): a classification of organisms. 

TCP/IP (Transmission Control Protocol / Internet Protocol): the 

dominant protocols for Internet traffic. 

technology: the products of engineering. Technology includes 

techniques as well as tools.  

tectonic: processes related to the movement and deformation of 

the Earth's crust. 

tectonic plate: a sizable chunk of the lithosphere, including some 

of Earth's crust, capable of movement. 

theory of mind: the cognitive ability to attribute mental states 

to oneself and others. 

thermal expansion: the tendency of matter to alter shape, area, 

or volume in response to a change in temperature (via heat 

transfer). 

Third World: a nebulous term that arose during the Cold War 

for economically undeveloped countries not aligned with 
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NATO or the Communist Bloc. Since the fall of the Soviet 

Union, the term is used for the least-developed countries. 

Thirty Years' War: see 30 Years' War. 

three-age system: see 3-age system. 

Three Mile Island (TMI) mishap (28 March 1979): a partial nu-

clear meltdown in reactor 2 of the Three Mile Island nuclear 

power plant in Pennsylvania. TMI was the worst US com-

mercial nuclear power accident, replete with a massive radi-

oactivity leak. Mechanical failures compounded by operator 

incompetence caused the accident. 

Tikopia: a 5 km2 island in the Solomon Islands whose native 

people have lived sustainably for 3,000 years. 

Time Warner: American media company resulting from the mer-

ger of Time (1922–), originally a magazine publisher, and 

Warner Brothers (1923–), originally a movie maker, along 

with other media companies. 

tonne: a metric ton (1.102 US (short) tons). 

Toyota (1937–): Japanese automaker. 

tragedy of the commons: an economic theory about the inevita-

bility of a shared, nonrenewable resource, where individual 

users, acting in their own self-interest, behave contrary to 

the common weal by depleting that resource. The term was 

coined by American Garrett Hardin in 1968, who warned of 

the dangers of overpopulation. 

transformer (electricity): a device for transferring electrical en-

ergy among circuits via electromagnetic induction. 

transistor: a semiconductor device used to switch or amplify 

electronic signals and electrical power. 

Treaty of Versailles: the peace treaty that ended World War 1, 

signed on 28 June 1919. The harsh terms imposed on Ger-

many upon France's insistence practically guaranteed an-

other major war within a few decades, which duly came. 

trichloroethane (C2H3Cl3): an organochloride solvent. 

trichloroethylene (C2HCl3): a clear, nonflammable, toxi liquid 

with a sweet smell. 

trigonometry: the branch of mathematics that deals with the re-

lations of triangles. 

TruGreen: American lawn-care company. 
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tundra: a biome where tree growth is hindered by low tempera-

ture and short growing seasons. Tundra occurs near the poles 

and toward the summits of the most majestic mountains. 

turbine: a machine designed to capture energy from a moving 

fluid to put to work. 

TYA: thousands of years ago. 

type (programming language): a syntactic method for enforcing 

levels of abstraction in the source code of software programs. 

Types are the leaven of computer programming; they make it 
digestible. ~ English computer scientist Robin Milner 

U 

Uber (2009–): American multinational online transportation 

network company matching riders with contracted drivers. 

Übermensch (aka overman, superman): Friedrich Nietzsche's 

notion of superior people as admirable and worthy of emula-

tion. Aside from elitist sentiment, Nietzsche was unclear ex-

actly what he meant by Übermensch, other than being 

resolutely reality-based, in contrast to the otherworldliness 

that Christianity inspires. 

underclass: the lowest social stratum in a society, usually com-

prising disadvantaged minority groups. Compare overclass. 

United Nations (1945–): an intergovernmental organization pro-

moting international cooperation. The UN replaced the inef-

fective League of Nations, which the United States refused 

to join (hence the League's ineffectiveness). 

United Netherlands (aka Dutch Republic, United Provinces) 

(1581–1795): a historic republic where the present-day Neth-

erlands is. 

United Kingdom (UK; aka Britain): a European island nation 

comprising the 4 countries in the British Isles: England, 

Scotland, Wales, and Northern Ireland; sans Ireland, which 

is a separate nation. Britain has 66.5 million people (2018). 

United States (US; aka America): the 3rd-largest country (9.6 

million km2), just slightly larger than China, with 326 mil-

lion people (2018). The US has the world's-largest national 

economy, and is the planet's greatest polluter, though China 

has been doing its best to catch up. 



708 Spokes 6: The Fruits of Civilization  

UNIX: an operating system developed by AT&T in the early 

1970s. 

USB (Universal Serial Bus): a protocol specification for serial 

data transfer, developed in the mid-1990s. 

USDA (United States Department of Agriculture) (1862–): the 

US federal agriculture agency. 

user (computer): someone who uses software applications. 

utilitarian organization: an organization people join to get paid. 

utilitarianism: a normative ethics theory, that right action is 

the one that maximizes utility – either in bringing happiness 

or reducing suffering. According to utilitarianism, the moral 

worth of an act is solely determined by its outcome. Utilitar-

ianism is essentially statistical hedonism. Contrast moral 

absolutism. 

utility (economics, psychology): satisfaction; usefulness. 

utility theory (economics) (aka expected utility theory): the idea 

that the utility of an object or event derives from the satis-

faction of its consumption. Utility theory was pioneered by 

John von Neumann and Oskar Morgenstern in 1944. See 

utility, consume. 

utopian socialism: early, idealistic visions of socialism, as exem-

plified by Henri de Saint-Simon and Robert Owen. Contrast 

scientific socialism. 

V 

vagility: freedom of movement. 

Verizon Communications (1984–): American telecommunica-

tions company. Born as Bell Atlantic when AT&T (long 

known as "Ma Bell") was broken up the federal government, 

the Baby Bell changed its name after merging with another 

telecommunications company, GTE, in 2000. Verizon is a 

portmanteau of veritas (Latin for truth) and horizon. 

Victorian era (1837–1901): British history during the reign of 

Queen Victoria (1819–1901). Britain had a long spell of peace 

(Pax Britannica), prosperity, refined moral sensibilities, and 

national self-confidence during the Victorian era. Cultural 

movement was away from the rationalism of the Georgian 

era (1714–1830), and toward romanticism and mysticism. 
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Vietnam War (aka the American War (to the Vietnamese)) 

(1955–1973): a continuation of the Indochina War (1946–

1954), with the US stepping in when the French failed. Like 

the Korean War, the fight was to prevent communist North 

Vietnam from taking over non-communist South Vietnam. 

North Vietnam won, routing the Americans. 

virus (software): malware that replicates and inserts copies of 

itself into other programs or data files when executed. Those 

programs or files containing a virus are infected. 

Volkswagen (1937–): German automaker. The term Volkswagen 

is German for "people's car." 

Volvo (1915–): Swedish manufacturer of cars, trucks, buses, con-

struction and marine machines, and industrial engines. 

von Neumann architecture: a computer architecture described 

by John von Neumann in 1945 which includes a central pro-

cessing unit (CPU) with an arithmetic logic unit and proces-

sor registers (temporary storage) and a control unit with an 

instruction register and program counter, memory for data 

and instructions; buses for data and instruction transmis-

sion, external (stable memory) storage, and input and output 

mechanisms. 

W 

Waddell & Redd Financial (1937–): American financial services 

firm. 

wage slave: a worker reliant upon a steady paycheck from a util-

itarian organization to survive. 

War of 1812 (1812–1815): a war between the US and Britain over 

British violation of US maritime rights. The US declared war 

for several reasons, including trade restrictions and British 

support to Indian tribes fighting encroachment by American 

settlers on the frontier. The war ended in a stalemate (Treaty 

of Ghent). 

War of the Spanish Succession (1701–1714): a war between 2 al-

liances of European powers over who had the right to succeed 

Charles II of Spain, who had greatly weakened Spain's impe-

rial power, even as it still had the largest empire in the world.  

Waterloo (battle of, 18 June 1815): the defeat of the imperial 

French army, led by Napoléon, by the Seventh Coalition: an 
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Anglo-allied army commanded by the Duke of Wellington, 

combined with the Prussian army under the command of 

Gebhard von Blücher. Wellington called it "the nearest-run 

thing you ever saw in your life." 

wattle: a fabrication of poles interwoven with slender branches 

(withes) and reeds. 

weak force: the nuclear force that changes one variety of matter 

into another; responsible, inter alia, for beta decay. 

Web (software): shorthand for World Wide Web. 

weed: a derogatory term for an unwanted plant. 

Wells Fargo (1852–): American bank. 

wildlife: a laughable term for life, coined in 1879 for undomesti-

cated animals that might serve as human food (because if it 

can't be eaten or otherwise exploited it just isn't worth any-

thing). 

Wizard of Oz, The (aka The Wonderful Wizard of Oz): a 1900 

fantasy novel by American novelist L. Frank Baum. The Wiz-

ard is a humbug who is shamed into helping Dorothy return 

to her home in Kansas. The Wizard of Oz is best known in its 

1939 film adaptation, staring Judy Garland. 

World Health Organization (1948–): a specialized agency of the 

United Nations concerned with public health. 

World War 1 (aka WW1, 1st World War, Great War) (1914–1918): 

a war fought in Europe between 2 alliances: Great Britain, 

France, and the Russian Empire (Allies) versus Germany 

and Austria-Hungary (Central Powers). As the war wore on, 

Italy, Japan, and the United States joined the Allies, while 

the Ottoman Empire and Bulgaria joined the Central Pow-

ers. Over 9 million combatants and 7 million civilians died 

from the Great War. The Allies prevailed. 

World War 2 (aka WW2, 2nd World War) (1939–1945): a global 

war between 2 alliances–the Allies and the Axis–that in-

volved over 30 nations. The primary Allies were Great Brit-

ain, the United States, and Russia. Germany, Italy, and 

Japan were the Axis powers. ~85 million people perished. 

World Wide Web (aka Web): a set of Internet servers that sup-

port documents which can be located and displayed by brows-

ers. Not all Internet servers are part of the Web. 
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WorldCom (1983–2002): American telecommunications corpora-

tion that committed massive accounting fraud. 

worm (software): standalone malware that replicates itself to 

spread to other computers. 

X 

Xerox (1906–2018): a corporation focused on paper document 

printing and reproduction; sold to Fujifilm in 2018. 

Y 

Yahoo! (1994–): an Internet portal, bought by Verizon in 2016. 

Yamal Peninsula: a large peninsula in northwest Siberia, ex-

tending 700 km from the mainland. In the tongue of the in-

digenes (the Nenets), Yamal means "end of the land." 

Yedoma: Pleistocene-age permafrost, covering over 1 million 

km2 of Alaska, Canada, and Siberia; thick, organic-rich (~2% 

carbon by mass), permafrost deposits from the last ice age, 

comprising 50–90% ice. 

Yom Kippur War (aka 1973 Arab-Israeli War, Ramadan War, 

October War) (6–25 October 1973): a 3-week war in which an 

alliance of Arab states attacked Israel by surprise. The war 

end in a cease-fire. 

Younger Dryas (12.8–11.4 TYA): the most recent stadial. 

YouTube (2005–): a video-sharing Web site. 

Z 

zaibatsu (literally: financial clique): the financial/industrial con-

glomerates whose size and influence afforded control over 

much of the Japanese economy during the Empire of Japan 

(from the Meiji period until the end of the 2nd World War). 

zero-sum game: a hypothetical mathematical (game theory) rep-

resentation of a multiple-player game played for a duration 

during which cumulative winnings equal cumulative losses. 

 





 

 People  
Abatzoglou, John: American geographer, interested in climate, 

meteorology, wildfire, hydrology, and ecosystem dynamics. 

Abbate, Janet: American historian. 

Acemoğlu, Daron (1967–): Turkish-born American economist. 

Adler, Mortimer J. (1902–2001): American philosopher and edu-

cator. 

Aftergood, Steven (1956–): American physicist and political ac-

tivist, interested in computer data security. 

Aiken, Howard H. (1900–1973): American physicist and pioneer 

in computing. 

Akerlof, George A. (1940–): American economist. 

Aktar, Md. Wasim: Indian pesticide researcher. 

al-Shatir, Ibn (1304–1375): Muslim astronomer. 

Albright, Rebecca: American marine ecologist. 

Alexander the Great (Alexander III of Macedonia) (356–232 BCE): 

king of the ancient Greek kingdom of Macedonia (Macedon) 

(336–323 BCE) and wildly enthusiast military adventurist. 

Alfred the Great (849–899): King of Wessex (871–899). Alfred suc-

cessfully defended his kingdom against an attempted Viking 

conquest, and by his death had become the dominant ruler in 

England. The only other English monarch to be awarded the 

epithet "the Great" was the Scandinavian Cnut the Great 

(995–1035), who was King of Denmark, England, and Nor-

way, which was called the North Sea Empire. 

Alicante, Tutu: Equatorial Guinean civil rights lawyer. 

Alstadsæter, Annette: Norwegian economist. 

Allais, Maurice Félix Charles (1911–2010): French economist, in-

terested in decision theory and monetary policy. 

Allen, Paul (1953–2018): American programmer who co-founded 

Microsoft with Bill Gates. 

Alvarez, Ramón A.: American physical chemist. 

Amon, Joe: American health and human rights activist. 

Ananat, Elizabeth O.: American economist and public policy ma-

ven. 
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Anaximander of Miletus (610–546 BCE): Turkish Greek philoso-

pher, astronomer, geographer, mathematician, and propo-

nent of science. 

Anderson, Harlan (1929–): American electronics engineer who 

co-founded Digital Equipment Corporation with Ken Olsen. 

Anderson, Margaret L.: American sociologist. 

Anderson, Sarah: American economist and public policy ana-

lyst. 

Andreas, Dwayne O. (1918–): American agribusiness executive 

and political patron. 

Andreesen, Marc (1971–): American programmer; coauthor of 

Mosaic, the first widely used web browser. 

Anzai, Ikuro: Japanese nuclear scientist. 

Aquinas, Thomas (1225–1274): Italian Dominican priest, theolo-

gian, and philosopher. 

Arendt, Johanna (Hannah) (1906–1975): German-born Jewish 

American philosopher. 

Aristotle (384–322 BCE): Greek philosopher and polymath who 

was considered authoritative for centuries on a wide variety 

of subjects, sometimes stymying further investigation that 

might have gone against cardinal belief. 

Armour, Kyle C.: American oceanographer. 

Armstrong, Tim (1971–): American business executive, CEO of 

AOL. 

Arnuk, Sal: American stock market trader. 

Arp, Jean (1886–1966): German French sculptor, painter, and 

poet. 

Arrhenius, Svante (1859–1927): Swedish scientist, with interests 

in chemistry, physics, mathematics, geology, and cosmology. 

Arrhenius is often referred to as a chemist, the science for 

which he won the 1903 Nobel Prize. 

Arp, Jean (1886–1966): German French sculptor, painter, and 

poet. 

Arrow, Kenneth (1921–2017): American economist, mathemati-

cian, and political theorist. 

Ascarrunz, Nataly: Bolivian botanist. 
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Atahualpa (1502–1533): last Inca Emperor (of Peru), falling to 

Spanish conquest. 

Attenborough, David (1926–): English naturalist and broad-

caster; famous for his BBC TV Nature programs. 

Auchincloss, Amy: American epidemiologist. 

Austin, Benjamin: American economist. 

Avirianto: Indonesian aircraft regulator. 

Azar, José: Spanish economist. 

Babbage, Charles (1791–1871): English polymath, famous for his 

idea of a steam-powered calculating machine that he was un-

able to make. 

Babson, Roger (1875–1967): American entrepreneur, economist, 

and business theorist. 

Bacon, Francis (1561–1626): English philosopher, politician, and 

scientist. 

Baekeland, Leo (1863–1944): Belgian-American chemist, best 

known for inventing Velox photographic paper and an inex-

pensive, nonflammable, durable, and versatile plastic, 

thereby founding the plastics industry. 

Baeyer, Adolf von (1835–1917): German chemist who synthe-

sized indigo dye in 1878, though a formula for industrial pro-

duction was not found until 1897. Indigo is the blue dye used 

in blue jeans and is also common as a food colorant (US Blue 

No. 2). 

Baez, Joan (1941–): American folk singer/songwriter. 

Bailey, John II (1751–1823): American clockmaker who got a pa-

tent for a steam jack in 1792. 

Bain, Alexander (1810–1877): Scottish engineer. 

Bair, Sheila C. (1954–): American attorney, head of the FDIC 

(2006–2011). 

Baird, Andrew: Australian coral reef ecologist. 

Baker, James A. (1930–): American Republican political opera-

tive and lawyer. 

Balch, Jennifer: American fire investigator. 

Balfour, Eve (1898–1990): English organic farmer. 

Banwart, Steve: American environmental engineer. 

Barker, Debi: American ecologist. 
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Barney, Charles T. (1851–1907): American banker who helped 

engineer the Panic of 1907 through his firm, Knickerbocker 

Trust Company. 

Barnosky, Anthony D.: American paleontologist. 

Barra, Mary T. (1961–): American business executive who spent 

her entire career at General Motors, which she now leads 

(2013–) (first female CEO of a global automaker). 

Barrett, Christopher B.: American economist. 

Barrett, Mike: English geologist. 

Bashō, Matsuo (1644–1694): Japanese poet. 

Baten, Jörg (1965–): German economic historian. 

Baudrillard, Jean (1929–2007): Moroccan French sociologist, 

philosopher, cultural theorist, political commentator, and 

photographer; criticized as a reality-denying irrationalist. 

Baum, L. Frank (1856–1919): American author, chiefly famous 

for his children's books, especially The Wonderful Wizard of 

Oz (1900) and its 13 sequels. 

Bayer, Patrick (1972–): American economist, interested in racial 

inequity. 

Bayle, Pierre (1647–1706): French philosopher. Bayle was a 

Protestant who advocated toleration of divergent beliefs. 

Becker, Dan: American attorney, interested in environmental 

protection. 

Becquerel, Alexandre Edmond (1820–1891): French physicist 

who discovered the photovoltaic effect. 

Becquerel, Henri (1852–1908): French physicist who accidentally 

discovered radioactivity. 

Beig, Gufran: Indian meteorologist and government air quality 

specialist. 

Bell, Alexander Graham (1847–1922): Scottish American inven-

tor who patented the first practical telephone. 

Benbrook, Charles M.: American agricultural economist. 

Benson, Ezra Taft (1899–1994): American farmer and Mormon 

church religious leader. 

Bentham, Jeremy (1748–1832): English philosopher, economist, 

and theoretical jurist who founded utilitarianism. 

Benton, Tim: English population ecologist. 
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Benz, Karl (1844–1929): German engine designer and car engi-

neer who invented the petrol-powered automobile. 

Berkeley, Edmund C. (1909–1988): American computer scientist 

who co-founded the Association for Computing Machinery in 

1947. 

Berle, Adolf A. (1895–1971): American corporate lawyer, diplo-

mat, and educator; author of the groundbreaking book The 

Modern Corporation and Private Property (1932), on corpo-

rate governance. Berle was an important contributor to US 

President Franklin Roosevelt's "Brain Trust." 

Bernanke, Ben (1953–): American economist; head of the Fed-

eral Reserve (2006–2014). 

Bernoulli, Daniel (1700–1782): Swiss mathematician and physi-

cist, known for his contributions in fluid mechanics, proba-

bility, and statistics. 

Bernoulli, Jakob (1654–1705): Swiss mathematician; discoverer 

of e; contributor in the field of probability, where he derived 

the law of large numbers; an early proponent of Leibnizian 

calculus. 

Bernstein, Jared (1955–): American economist, interested in eco-

nomic inequality. 

Bernstein, Lillian: American author. 

Berry, Wendell (1934–): American farmer and environmentalist. 

Bessemer, Henry (1813–1898): English engineer who modernized 

steel production. 

Betts, Matthew G.: American forest ecologist. 

Bevis, Leah E. M.: American economist. 

Beyer, Brian: American cybersecurity researcher. 

Bezos, Jeff (1964–): American businessman who founded Ama-

zon.com. 

Bhidé, Amar: Indian American economist. 

Bi Shēng (990–1051): Chinese inventor of movable type. 

Bi Xiuyan: Chinese merchant. 

Bierce, Ambrose (1842–1914): American writer. 

Bingham, Robert: English geophysicist. 

Black, Scott H.: American ecologist. 

Blake, William (1757–1827): English poet, painter, printmaker. 
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Blanc, Louis Jean Joseph Charles (1811–1882): French politician 

(socialist) and historian. 

Boccaccio, Giovanni (1313–1375): Italian author and poet. 

Bonaparte, Napoléon (1769–1821): French military and political 

leader. 

Bond, Alexander L.: English marine ecologist and conservation 

biologist. 

Bongo, Ali (aka Ali Bongo Ondimba, born Alain Bernard Bongo) 

(1959–): Gabonese politician; President (2009–). 

Bonito, Lindsay T.: American marine biologist. 

Bonmatin, Jean-Marc: French ecologist and chemist. 

Boole, George (1815–1964): English mathematician who devel-

oped Boolean algebra. 

Bosch, Carl (1874–1940): German chemist and engineer; a pio-

neer in high-pressure industrial chemistry. 

Boudinot, Ryan: American writer. 

Bowler, Chris: English microbiologist, botanist, and marine bi-

ologist. 

Boyce, Daniel G.: Canadian marine biologist. 

Bradley, Omar (1893–1981): American military commander. 

Branca, Giovanni (1571–1645): Italian engineer and architect 

who developed a steam turbine in the 1620s. 

Brantley, Susan: American geoscientist. 

Braudel, Fernand (1902–1985): French historian who empha-

sized the importance of macro-socioeconomic factors in driv-

ing history; considered one of the best modern historians. 

Brauer, Michael: Canadian environmental scientist and bio-

chemist. 

Braverman, Harry (1920–1976): American political economist; 

an industrial worker who became a leftist radical in the wake 

of the Great Depression. 

Brayton, George (1830–1892): American mechanical engineer. 

Breitburg, Denise: American marine and estuarine ecologist. 

Briggs, Heather M.: American biologist, interested in ecological 

interactivity. 
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Brin, Sergey (1973–): Russian-born American computer scien-

tist; co-founder of Google. 

Briscoe, Mark: American ecologist and writer. 

Brosi, Berry J.: American ecologist, interested in mutualisms. 

Broward, Napoleon Bonaparte (1857–1910): American river pilot 

and politician; 19th governor of Florida (1905–1909), best 

known for his project to drain the Everglades. 

Brown, Jerry (1938–): American politician (Democrat); twice 

governor of California (1975–1983 & 2011–). 

Brown, Kate (1960–): American politician (Democrat); governor 

of Oregon (2015–). 

Brown, Lester R. (1934–): American environmental scientist. 

Brown, Tony: English geographer. 

Brynjolfsson, Erik (1962–): American economist, interested in 

the economic implications of computer applications. 

Buffett, Warren E. (1930–): American billionaire investor. 

Buisson, Henri (1873–1944): French physicist. 

Bullard, Robert D. (1946–): American sociologist and environ-

mentalist. 

Burbank, Luther (1849–1926): American botanist, horticulturist, 

and pioneer in agricultural science. 

Burd, Lori Ann: American environmentalist and attorney. 

Burroughs, William Seward (1857–1898): American inventor 

who created the first recording adding machine. 

Burtless, Gary (1950–): American economist. 

Bush, George H. W. (1924–): American politician (Republican); 

41rd US President (1981–1989). 

Bush, George W. (1946–): American politician and businessman 

(Republican); 43rd US President (2001–2009); son of George 

H.W. Bush. 

Bush, Vannevar (1890–1974): American engineer and inventor. 

Butz, Earl (1909–2008): American agricultural economist. 

Byrne, Richard W.: English evolutionary psychologist. 

Cabot, John (1450–1499) (Venetian: Zuan Chabotto): Italian 

navigator and explorer who discovered Nova Scotia and New-

foundland in 1497 under commission of Henry VII, though 
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most of his financial backing came from Italian merchants 

based in England. 

Cady, Walter Guyton (1874–1974): American physicist and elec-

trical engineer. 

Calvo, Guillermo A. (1941–): Argentinean-American economist, 

interested in macroeconomics, especially monetary econom-

ics. 

Camerer, Colin F. (1959–): American behavioral economist. 

Cameron, David (1966–): English politician (Conservative); UK 

Prime Minister (2010–2016). 

Cameron, Duncan: English ecologist, interested in how shifts in 

energy and nutrient flows between symbiotic organisms in-

fluences individuals and ultimately communities. 

Cameron, Rondo (1925–2001): American economic historian. 

Campos, Paul F.: American law professor. 

Capoccia, Stella: American biologist. 

Capone, Al (1899–1947): American gangster who attained fame 

as a bootlegger during the Prohibition era. 

Cardinale, Bradley J.: American ecologist, interested in how hu-

man activities impact biological diversity. 

Carlin, George (1937–2008): American comedian. 

Carlyle, Thomas (1795–1881): Scottish philosopher, historian, 

mathematician, and teacher. 

Carnegie, Andrew (1835–1919): Scottish-born American indus-

trialist. Carnegie began work at 12 as a bobbin boy in a cotton 

factory. In his mid-20s, Carnegie was already making shrewd 

stock investments in industrial concerns. From 1872, Carne-

gie began concentrating on steel: an essential building mate-

rial of the industrial age. 

Carson, Rachel (1907–1964): American marine biologist, famous 

for Silent Spring (1962), which chronicled the environmental 

devastation caused by synthetic pesticides, especially DDT. 

American chemical companies were incensed by the book. 

Carter, Jimmy (1924–): 39th US President (1977–1981). As Pres-

ident, Carter had all kinds of bad luck which obscured his 

decency. 

Carter, Vernon Gill: American ecologist. 
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Cato the Elder (born Marcus Porcius Cato) (234–149 BCE): Ro-

man politician and historian. 

Cerf, Vinton G. (Vint) (1943–): American Internet pioneer. 

Certini, Giacomo: Italian pedologist. 

Chamberlain, Thomas C. (1843–1928): influential American ge-

ologist who founded the Journal of Geology in 1893. 

Chang, Ha-Joon: South Korean institutional economist. 

Charlemagne (aka Charles the Great, Charles I) (742–814): King 

of the Franks who united most of Western Europe and 

became the 1st Holy Roman Emperor in 800. 

Charles I (1600–1649): King of England, Scotland, and Ireland 

from 1625 until his execution in 1649, having lost the English 

Civil War (1642–1651), and convicted of treason. 

Charles, Kerwin Kofi: American political economist. 

Chensheng Lu (Alex): Chinese American ecologist. 

Chetty, Nadarajan (Rej) (1979–): Indian-born American public 

policy economist. 

Christian IV (1577–1648): King of Denmark and Norway (1588–

1648). 

Church, John: Australian climatologist. 

Clark, David D. (1944–): American Internet pioneer. 

Clark, Gregory (1957–): Scottish American economist. 

Clark, Peter U.: American geoscientist. 

Clarke, Arthur C. (1917–2008): English science and science fic-

tion writer, futurist, and inventor. 

Clerk, Dugald (1854–1932): Scottish engineer who designed the 

first successful 2-stroke internal combustion engine in 1878, 

receiving an English patent for it in 1881. 

Clinton, Bill (1946–): American politician (Democrat); 42nd US 

President (1993–2001): 

Clinton, Hillary (1947–): American politician (Democrat); spouse 

of former US president Bill Clinton. 

Clusius, Carolus (aka Charles de l'Écluse) (1526–1609): Flemish 

doctor and botanist; one of the most influential horticultur-

ists of the 16th century. 

Coase, Ronald (1910–2013): English economist who studied the 

nature of firms and externalities. 
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Coffel, Ethan D.: American atmospheric scientist. 

Cohen, Jerome A.: American legal advisor, specializing in doing 

business in China. 

Cohen, Roger (1955–): American journalist, interested in world 

affairs. 

Cohn, Alain: Swiss economist, interested in ethics. 

Colmar, Charles Xavier Thomas de (1785–1870): French inven-

tor and entrepreneur who invented the first mass-produced 

mechanical calculator and founded France's largest insur-

ance group in his time. 

Columbus, Christopher (1451–1506): Genoese explorer, known 

for his attempt to reach the East Indies by sailing westward; 

a supposed shortcut to sailing around the cape of Africa. 

Sponsored by the Spanish crown, his goal was to gain the up-

per hand over rival powers in the lucrative spice trade based 

in Asia. Instead of reaching Japan as intended, Columbus 

wound up in the Bahamas. Unwilling to admit his mistake, 

Columbus called the indigenes he found indios (Spanish for 

Indians). 

Colvin, Christina M.: American British researcher, interested in 

behavioral zoology, ecology, ethology, and psychology. 

Conway, Gordon: English agricultural ecologist. 

Cook, James (1728–1779): English naval captain, explorer, and 

cartographer. In 3 voyages around the world, Cook sailed 

across areas of the globe previously unknown to Europeans. 

After his first foray, Cook's journals were published upon his 

return, and he became something of a hero to the scientific 

community. Cook was killed in a fight with the natives in 

Hawaii. Cook went from honored guest to chopped meat be-

cause he and his crew attacked the Hawaiians for pilfering 

from their ship. Such arrogant British diplomacy would con-

tinue for as long as the Empire reigned. 

Cook, Rick (1944–): American novelist. 

Copernicus, Nicolaus (1473– 1543): Prussian astronomer who de-

veloped a comprehensive heliocentric cosmology, displacing 

the Earth from the center of the universe. Copernicus's work 

was published posthumously, as he worried about the scorn 

that his crazy idea would provoke. 

Cordell, Dana: Australian resource scientist. 
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Corliss, George Henry (1817–1888): American mechanical engi-

neer who advanced the state of the art in steam engines in 

the mid-19th century. 

Corn, Jacob: American geneticist and cytologist. 

Cort, Henry (1741–1800): English ironmaster. 

Cortés, Hernán (1485–1547): Spanish conquistador who caused 

the fall of the Mexica Empire through treachery and mass 

murder, bring Mexico under Spanish rule. The Mexica are 

commonly, but wrongly, called Azteca. 

Cosier, Susan: American environmental scientist and writer. 

Coumou, Dim: Dutch climatologist, interested in global warm-

ing. 

Cowen, Diane F.: American marine biologist, interested in lob-

sters. 

Cowen, Tyler (1962–): American economist. 

Cózar, Andrés: Spanish ecologist. 

Cramer, Gabriel (1704–1752): Swiss mathematician interested 

in algebraic curves. Cramer's rule (1750) is still the standard 

formula for sussing any dependent variable in a linear equa-

tion system that has a unique solution. 

Crocker, Steven D. (Steve) (1944–): American Internet pioneer. 

Crone, Jess: American oil worker. 

Cronkite, Walter (1916–2009): American broadcast journalist 

who was widely considered "the most trusted man in Amer-

ica" in the 1960s and 1970s. 

Crothall, Geoffrey: English journalist. 

Cugnot, Nicolas-Joseph (1725–1804): French engineer who built 

the first automobile in 1768. It was steam powered. 

Cutler, David M.: American economist. 

Cuttler, Michael V.W.: Australian coral reef ecologist. 

Cvijanovic, Ivana: Serbian climatologist. 

d'Humberstein, Lebon: French engineer who invented a 2-stroke 

internal combustion engine. 

da Gama, Vasco (1460 or 1469–1524): Portuguese explorer; the 

first European to reach India by sea, in 1498. 
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da Vinci, Leonardo (1452–1519): Italian polymath. Best known 

for a small portrait of a drab woman with a half-smile (Mona 

Lisa). 

da Verranzano, Giovanni (also spelled Verranzzano): Italian ex-

plorer of North America; the first to explore the Atlantic coast 

(in 1524). 

Dabo Guan: Chinese ecological economist. 

Dafforn, Katherine: Australian marine ecologist. 

Dahl, Ole-Johan (1926–2002): Norwegian software scientist who 

fathered the Simula programming language with Kristen 

Nygaard. 

Daimler, Gottlieb (1834–1900): German engineer and industrial-

ist who invented the high-speed petrol engine and furthered 

the 4-wheel automobile. 

Dal Lago, Alessandro: Italian anthropologist. 

Dale, Tom: American ecologist. 

Damania, Richard: Australian environmental economist. 

Darby, Abraham (1678–1717): English metalworker. 

Darling, Frank Fraser (1903–1979): Scottish ecologist, conserva-

tionist, ornithologist, and farmer. 

Darling, Seth: American chemist interested in photovoltaics. 

Darwin, Charles (1809–1882): English naturalist, famous for his 

hollow hypothesis of evolution by "natural selection." 

Davenant, Charles (1656–1714): English mercantilist economist 

and politician. 

Davidai, Shai: American psychologist. 

Davies, Heather: English human resources coordinator. 

Davies, Kert: American environmentalist. 

Davies, Thomas: English ecologist. 

Davis, Adam: American botanist, interested in crop production. 

Davis, Donald: American biochemist. 

Davis, Matt: Danish bioscientist. 

Davis, Steven J.: American economist. 

Davis, Steven J.: American ecologist. 

Day, Joseph (1855–1946): English engineer who developed the 

crankcase-compression 2-stroke petrol engine widely used in 
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small engine applications, from lawnmowers to small motor-

cycles. 

Day, Martin V.: American social psychologist. 

de Besbeque, Ogier Ghiselin (1522–1592): Flemish writer, herb-

alist, and diplomat who sent Turkish tulip bulbs to Carolus 

Clusius, a botanist friend in Flanders, thus being the origi-

nator of Dutch tulip mania. 

de Fermat, Pierre: see Fermat, Pierre. 

de Saint-Simon, Henri (Claude Henri de Rouvroy, comte de 

Saint-Simon) (1760–1825): French social theorist and busi-

nessman who advocated utopian socialism. 

de Sismondi, Jean Charles Léonard (1773–1842): Swiss writer 

who observed capitalism as prone to periodic crises from mis-

allocation of resources. 

Dean, Amy L.: American physician. 

Deaton, Angus (1945–): Scottish American economist. 

DeCarlo, Thomas M.: American marine biologist. 

Deeming, Christopher: English sociologist. 

Defoe, Daniel (1660–1731): English trader, writer, and spy. 

Delaplane, Keith S.: American entomologist. 

Delshad, Jonathan J.: American attorney. 

Deming, William Edwards (1900–1993): American engineer, 

statistician, and management consultant, best known in Ja-

pan for inspiring their post-war economic miracle in the 

1950s and 1960s by focusing on quality production tech-

niques. 

Deng Xiaoping (1904–1997): Chinese revolutionary who ruled 

China (1978–1992). 

Derocher, Andrew: Canadian zoologist. 

Descartes, René (1596–1650): French rationalist philosopher and 

mathematician. 

Detloff, Kim: German marine biologist. 

Dicks, Lynn: English zoologist. 

Dijkstra, Edsger W. (1930–2002): Dutch computer scientist and 

mathematician. 

Dimon, Jamie (1956–): American financial business executive; 

CEO of JP Morgan Chase bank (2005–). 
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Diringer, Joel: American health policy maven. 

Dodds, Lyndsey: English marine biologist and conservationist. 

Dondi, Giovanni de' (aka Giovanni Dondi dell'Orologio) (1330–

1388): Italian physician, astronomer, and clockmaker. Dondi 

built a complex astronomical clock and planetarium from 

1348 to 1364. 

Donley, Nathan: American environmental biologist. 

Douglas, Marjory Stoneman (1890–1998): American environ-

mentalist, journalist, civil rights advocate, and feminist. 

Dow, Charles (1851–1902): American journalist who founded 

and edited the Wall Street Journal financial newspaper. 

Dowie, Mark: American historian. 

Drake, Edwin (1819 - 1880): American oil driller, commonly cred-

ited with the first modern oil well, in 1859. 

Duke, Stephen O.: US government herbicide researcher. 

Dummer, Geoffrey (aka G.W.A. Dummer) (1909–2002): English 

electronics engineer who first conceived of integrated cir-

cuits. 

Dunoyer, Charles (1786 - 1862): French economist who conceptu-

alized the business cycle, following on work by Jean Sis-

mondi. 

Durak, Paul J.: American oceanographer. 

Durant, William C. (1861–1947): American industrialist who pi-

oneered the automobile industry in the United States. 

Eakin, C. Mark: American biological oceanographer. 

Ebmeier, Susanna: English ecologist, interested in volcanoes. 

Eccles, William (1875–1966): English physicist, interested in ra-

dio communication. 

Edison, Thomas (1847–1931): American inventor and business-

man. 

Edwards, Marc (1964–): American civil and environmental en-

gineer. 

Ehrlich, Paul R. (1932–): American biologist, interested in the 

human impact on the environment. 

Eisenhower, Dwight D. (1890–1969): American army general; 

Supreme Commander of the Allied Forces in Europe during 

World War 2; 34th US President (Republican) (1953–1961). 
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Eliasson, Jan (1940–): Swedish diplomat. 

Elizabeth I (1533–1603): Queen of England (1558–1603). 

Elwell, Frank W.: American sociologist. 

Engels, Friedrich (1820–1895): German philosopher, sociologist, 

and journalist who collaborated with Karl Max. 

Eratosthenes (276–194 BCE): Greek astronomer, mathematician, 

geographer, astronomer, music theorist, and poet. 

Evans, Oliver (1755–1819): American engineer, inventor, and 

businessman. A pioneer in the fields of steam power, auto-

mation, and materials handling. 

Evelyn, John (1620–1706): English writer and gardener. 

Exiguus, Dionysius (470–544): Christian monk and scholar. 

Fabry, Charles (1867–1945): French physicist. 

Fahey, Jed W.: American nutritional biochemist. 

Falk, William: American writer. 

Falkowski, Paul: American biologist, interested in marine biol-

ogy. 

Fama, Eugene F. (1939–): American economist, often referred to 

as the "the Father of Finance" for his empirical work on stock 

market behavior. 

Famiglietti, James S. (Jay): American hydrologist. 

Fan Lele: Chinese businessman. 

Faraday, Michael (1791–1867): largely self-taught English 

chemist, physicist, and philosopher who greatly contributed 

to understanding electromagnetism and electrochemistry. 

Faraday invented electric motors. 

Farmer, Jesse R.: American Earth scientist. 

Felt, Dorr E. (1862–1930): American inventor and industrialist 

who invented the comptometer, a mechanical calculator. 

Ferguson, Charles D.: American physicist, interested in nuclear 

engineering. 

Fermat, Pierre de (1607–1665): French lawyer and mathemati-

cian who contributed discoveries in calculus, including the 

concept of adequality (approximate equality), analytic geom-

etry, probability, and optics; best known for Fermat's princi-

ple for light propagation and Fermat's last theorem, a number 

theory. 
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Fichte, Johann Gottlieb (1762—1814): German philosopher. 

Fillmore, Millard (1800–1874): American politician (Whig); 13th 

US President (1850–1853). Vice President Fillmore assumed 

the presidency when President Taylor died from gastroenter-

itis. Fillmore chose not to run for president in the 1852 elec-

tion. 

Fine, Julia D.: American entomologist. 

Finney, Stan: American paleontologist. 

Fischer, Erich M.: Swiss climatologist and meteorologist. 

Fischer, Hubertus: Swiss climatologist. 

Fischhoff, Baruch (1946–): American psychologist, interested in 

decision-making and risk assessment. 

Fisher, Irving (1867–1947): American neoclassical mathematical 

economist. 

Fiske, Susan T. (1952–): American social psychologist, inter-

ested in social cognition, stereotypes, and prejudice. 

Forbes, Bruce C.: Finnish ecologist, interested in the northern 

high latitudes. 

Ford Alex T.: American marine biologist. 

Ford, Henry (1863–1947): American industrialist who founded 

the Ford Motor Company and developed the technique of 

mass production via the assembly line. Ford's first car com-

pany was the Henry Ford Company, which he helped form in 

1901, and was chief engineer. Ford left his namesake com-

pany in 1902, after the company hired Henry Leland as a 

consultant, whereupon the company changed its name to Ca-

dillac Motor Company. 

Foroohar, Rana (1970–): American business analyst. 

Fourcade, Marion: American sociologist. 

Francis II (1768–1835): the last Holy Roman Emperor (1792–

1806), dissolving the empire after being decisively defeated 

by Napoléon. 

Frank, Robert H. (1954–): American economist, interested in in-

equality. 

Franklin, Benjamin (1706–1790): American author, publisher, 

politician, scientist, and inventor. 

Fratzscher, Marcel (1971–): German economist. 
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Friedman, Milton (1912–2006): American statistician and econ-

omist who advocated laissez-faire capitalism and monetar-

ism to guide economic policy. 

Frey, Glenn (1948–2016): American musician who co-founded 

the popular music group the Eagles (1972–1980, 1994–). 

Fristrup, Kurt M.: American bio-acoustical ecologist. 

Frohlich, Cliff: American geophysicist. 

Gabriel: an archangel, best known for acting as a messenger 

from God to select personages. 

Galbraith, John Kenneth (1908–2006): Canadian American po-

litical economist and public servant. 

Galileo Galilei (1564–1642): Italian physicist, mathematician, 

astronomer, and philosopher. Galileo was a seminal figure in 

development of science as a discipline, and a scourge to the 

Catholic Church for buying into Copernicus' notion of helio-

centricity. 

Galinsky, Adam D. (1969–): American social psychologist. 

Gallaudet, Tim: American climatologist. 

Gandhi, Mahatma (1869–1948): Indian political leader who led 

India to independence from British colonialism through non-

violent demonstration. 

Ganguli, Surya (1977–): Indian American physicist, interested 

in neurobiology, computer science, and electrical engineer-

ing. 

Gao Hucheng (1951–): Chinese politician and business execu-

tive. 

Gardiner, Stephen (1924–2007): English architect, teacher, and 

writer. 

Garland, Judy (born Frances Ethel Gumm) (1922–1969): Amer-

ican singer, actress, and vaudevillian; renowned for her con-

tralto vocal. Garland's most famous movie role was as 

Dorothy in The Wizard of Oz (1939). 

Garrett, John: English ecologist. 

Garrett, Tim: American climatologist, interested in atmosphere 

dynamics. 

Gates, William H. III (Bill) (1955–): American programmer who 

co-founded Microsoft with Paul Allen. 
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Gaud, William S.: American biologist. 

Geist, Juergen: German biologist. 

Genghis Kahn (born Temüjin) (1162–1227): Mongol military 

leader who conquered China and a considerable chunk of cen-

tral Asia, establishing a momentum that resulted in the larg-

est transcontinental land empire in history, stretching from 

the Pacific Ocean to central Europe. 

Gerl, Mark D.: American programmer. 

Gibbs, James P.: American conservation biologist. 

Giffen, Robert (1837–1910): Scottish statistician and economist 

who proposed Giffen goods. 

Gill, Richard J.: English animal ecologist. 

Gilovich, Thomas D.: American psychologist, interested in deci-

sion-making and behavioral economics. 

Glattfelder, James B.: Swiss statistician. 

Goldberg, Rube (1883–1970): American cartoonist, engineer, in-

ventor, sculptor, and author; best known for his popular car-

toons depicting devilishly complicated gadgets to perform 

simple tasks in convoluted ways. 

Goldin, Ian: English political economist. 

Goldring, Mark (1957–): English sociologist. 

Goldsmith, James M. (Jimmy) (1933–1997): Anglo French finan-

cier and tycoon. 

Gompers, Samuel (1850–1924): English-born American labor 

leader. 

Gonzalez, Patrick: American forest ecologist and climate change 

scientist. 

Gore, Al (1948–): American politician (Democrat) and environ-

mentalist. 

Gotelli, Nicholas J.: American biologist, interested in the organ-

ization of animal and plant communities. 

Gould, Fred: American entomologist. 

Goulson, Dave (1965–): English ecologist, biologist, and conser-

vationist, interested in bumblebees. 

Gournay, Jacques Claude Marie Vincent de (1712–1759): French 

economist and commerce bureaucrat. 

Grab, Heather: American entomologist. 
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Graham, George (1673–1751): English clockmaker, geophysicist, 

and inventor. 

Graham, Paul (1964–): English programmer. 

Grassini, Patricio: Argentinian American agriculturist. 

Greene, Charles H.: American oceanographer. 

Greenspan, Alan (1926–): American economist who was Chair-

man of the US Federal Reserve (1987–2006). 

Greider, William: American economic journalist. 

Griffin, Kenneth C. (1968–): American hedge fund manager. 

Grove, Andrew S. (1936–2016): Hungarian-born American engi-

neer; founder and CEO (1987–1998) of semiconductor maker 

Intel. 

Gruca, Thomas S.: American marketing professor. 

Guangming Zeng: Chinese ecologist. 

Guillaume, Charles Édouard (1861–1938): Swiss physicist who 

invented nickel-steel alloys that have negligible thermal fluc-

tuation at ambient temperatures. 

Gunn, Simon: English historian. 

Gunter, Edmund (1581–1626): Welsh clergyman, mathemati-

cian, geometer, and astronomer. 

Gutenberg, Johannes (1398–1468): German blacksmith, gold-

smith, printer, and publisher who introduced movable type 

printing to Europe in 1450. 

Guterres, António (1949–): Portuguese diplomat and politician 

(Socialist); 9th Secretary General of the United Nations 

(2017–). 

Guvenen, Fatih: Turkish-American economist, interested in 

American income and inequality. 

Haber, Fritz (1868–1934): German chemist who invented syn-

thetic nitrogen fixation. 

Haddad, Nick M.: American ecologist. 

Hagan, John L.: American sociologist, interested in criminology. 

Halden, Rolf U.: German American environmental scientist and 

civil engineer. 

Hall, Edward T. (1914–2009): American anthropologist. 

Hallman, Caspar A.: Dutch ecologist. 
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Haltiwanger, John C. (1955–): American economist. 

Hamilton, Alexander (1755–1804): American politician (Federal-

ist) and lawyer. 

Hammurabi (aka Hammurapi) (?–1750 BCE): king of Babylon 

(1792–1750 BCE). 

Hanqin Tian: Chinese ecosystem ecologist and evolutionary bi-

ologist. 

Hansen, James E. (1941–): American climatologist and environ-

mental scientist. 

Harari, Yuval Noah (1976–): Israeli historian. 

Hardin, Garrett J. (1915–2003): American ecologist and philoso-

pher who coined the term tragedy of the commons in 1968. 

Hardison, Amber: American marine biologist. 

Harper, David U.: American biologist. 

Harris, Kamala (1964–): American attorney and politician 

(Democrat). 

Harris, Karen: American economist. 

Harrison, John (1693–1776): English clockmaker and carpenter. 

Hartwell, Ronald Max (1921–2009): Australian economic histo-

rian. 

Hartzler, Bob: American agronomist. 

Haskins, Ron: American political scientist. 

Haugen, Robert A. (Bob) (1942–2013): American financial econo-

mist. 

Hautefeuille, Jean de (1647–1724): French abbé, physicist, and 

inventor. Besides inventing the balance wheel spring con-

temporaneous with Christiaan Huygens, Hautefeuille was 

first to propose using a piston in a heat engine. 

Hauter, Wenonah: American anthropologist and ecologist. 

Hayek, Friedrich August von (1899–1992): influential Austrian-

born British economist who had religious faith in the good-

ness of capitalism. 

Hegel, Georg Wilhelm Friedrich (1770–1831): German philoso-

pher. 

Heilbroner, Robert L. (1919–2005): American economist. 
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Heinze, Fritz Augustus (1869–1914): American mining engineer 

who mined copper in Montana before speculating in the cop-

per market with his brother Otto. 

Heinze, Otto: American speculator who tried to corner the US 

copper market with his brother Augustus. 

Heller, Walter (1915–1987): American economist who served as 

an economic advisor to Presidents Kennedy and Johnson. 

Helmig, Detlev: German atmospheric chemist. 

Helper, Susan: American economist. 

Henderson, Yandell (1873–1944): American physiologist. 

Henriques, Diana B. (1948–): American financial journalist. 

Henry IV of France (aka Good King Henry, Henry the Great) 

(1553–1610): King of France (1589–1610). 

Henry VII of England (1457–1509): King of England and Lord of 

Ireland (1485–1509). 

Henry the Navigator (Prince Henry, Infante D. Herrique) (1394–

1460): Portuguese navigator and exploration organizer, cred-

ited with initiating the Age of Imperialism. 

Hero of Alexandria (aka Heron of Alexandria) (10–70 CE): Greek 

mathematician and engineer; considered the greatest exper-

imenter of antiquity. 

Hewison, Kevin: Australian social and political scientist. 

Heydens, William F.: American business executive for Mon-

santo. 

Hickey, Paul: American stock analyst. 

Hillman, James (1926–2011): American psychologist. 

Hincks, Thea (1977–): English mathematician and physicist, in-

terested in decision-making under uncertainty. 

Hippocrates (~460–377 BCE): Greek physician, considered the fa-

ther of Western medicine. 

Hirmas, Daniel R.: American Earth scientist, interested in soil. 

Hitler, Adolf (1889–1945): Austrian-born German politician who 

founded and led the Nazi party, and his country, into the dis-

astrous madness known as World War 2. 

Hoekstra, Arjen Y.: Dutch hydrologist. 

Hoenig, Thomas M. (1956–): American economist; head of the 

FDIC (2012–). 
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Hoffman, Paul G. (1891–1974): American businessman and 

global development aid administrator. 

Hölker, Franz: German ecologist. 

Hollerith, Herman (1860–1929): American inventor of an electro-

mechanical punched card tabulator. 

Homer (~850 BCE): legendary Greek poet and author, best known 

for the epic poems Iliad and Odyssey, both about the Myce-

naean civilization. 

Hooke, Robert (1635–1703): English scientist, architect, and pol-

ymath. 

Hooke, Roger LeB.: American geologist. 

Hoover, Herbert (1874–1964): 31st US President (1929–1933) 

(Republican); a mining engineer who became President with 

no elected-office experience. When the Wall Street crash of 

1929 struck, Hoover attempted ineffective corrective 

measures that would be mimicked by his successor, Franklin 

Roosevelt, to the same result. 

Hopkins, Brian: American technology analyst. 

Hopper, Grace Murray (1906–1992): American mathematician, 

computer programmer, and military woman who invented 

the computer compiler, popularized the term debugging for 

fixing computer glitches, and was instrumental in the devel-

opment of the COBOL programming language. 

Hormats, Robert: American diplomat. 

Howard, Albert (1873–1947): English botanist and agricultural-

ist. Howard was a pioneer in organic farming. 

Howarth, Robert: American environmental scientist. 

Hubbert, M. King (1903–1989): American geologist and geophys-

icist, best known for his 1956 theory of peak oil: the date 

when the US would reach its maximal extraction of petro-

leum (from which production would inexorably decline). In 

the 21st century, fracking practically trashed the notion of 

peak oil. 

Hughes, Terry P.: Australian marine ecologist. 

Hunt, Stephen: English fantasy novelist. 

Hurley, Rachel: English ecologist. 

Huygens, Christiaan (1629–1695): Dutch mathematician and 

scientist, known particularly as an astronomer, physicist, 
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probabilist, and horologist. Huygens was a leading scientist 

in his day. His papers on mechanics and optics were major 

contributions, and he did pioneering work in probability by 

studying games of chance. 

Idso, Craig D.: American agronomist. 

Ignatius of Loyola (1491–1556): Spanish priest and theologian 

who founded the Society of Jesus (Jesuits). 

Imhoff, Daniel: American environmental scientist. 

Ingham, Karr: American economist. 

Ismail, Mohammed: Indian small business owner. 

Iverson, F. Kenneth (1925–2002): American metallurgist and 

CEO of Nucor Corporation (1966–2000). 

Jackson, Andrew (1767–1845): American soldier and politician 

(Democrat); 7th US President (1829–1837). Jackson won the 

most popular and electoral votes of the 3 major candidates in 

the 1824 presidential contest but lost to John Quincy Adams 

in the House of Representatives vote that decided the elec-

tion. 

Jackson, Rob: American Earth scientist. 

Jackson, Wes (1936–): American botanist and geneticist, inter-

ested in environmental preservation. 

Jacobson, Jennifer Richard: American educator and writer. 

Jaczko, Gregory (1970–): American nuclear power regulator and 

physicist. 

James II (1633–1701): King of England (1685–1688), best known 

for his struggles with parliament, and his attempts to create 

religious liberty against the will of the Anglican establish-

ment. 

James, Harold (1956–): English economic historian. 

Jamieson, Alan: English marine ecologist. 

Jansen, Cornelius (1491–1556): Dutch theologian and Catholic 

bishop; father of Jansenism. 

Janssen, Colin: Belgian environmental biologist. 

Jasny, Michael: American environmental scientist and lawyer, 

interested in underwater noise pollution, specifically sonar's 

effect on cetaceans. 
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Javons, William Stanley (1835–1882): English mathematician, 

logician, economist, and philosopher who founded the mar-

ginalist school of economics and grounded economics in 

mathematics. 

Jefferson, Thomas (1743–1826): American farmer, slave owner, 

and politician (Democratic-Republican); principal author of 

the of the Declaration of Independence (1776); outspoken pro-

ponent of democracy; 3rd US President (1801–1809); consist-

ently considered as one of the greatest US Presidents. 

Jermey, Dominic (1967–): English diplomat, now head of the Zo-

ological Society of London (2017–). 

Jianguo Liu: Chinese American environmental scientist. 

Jobs, Steve (1955–2011): American computer marketeer. 

Johansen, Bruce E. (1950–): American environmental scientist 

and sociologist, interested in the welfare of the indigenes of 

North America. 

John II of Portugal (1455–1495): King of Portugal (1481–1495), 

known for reclaiming the power of the Portuguese monarchy, 

reinvigorating the Portuguese economy, and renewing Portu-

guese exploration. 

Johnson, Gregory C.: American oceanographer. 

Johnson, Lyndon B. (1908–1973): American politician (Demo-

crat); 36th US President (1963–1969). 

Johnson, Samuel (1709–1784): English writer; a distinguished 

man of letters. Johnson's English dictionary (1755) was a 

splendid work of scholarship with far-reaching effect. 

Jones, Isabel: English ecologist and environmental biologist. 

Jones, Kendall R.: Australian environmental scientist. 

Jordan, Frank W. (1882–?): English physicist and electrician 

who invented the flip-flop circuit with William Eccles. 

Joseph, Mel: American environmental scientist. 

Juglar, Clément (1819–1905): French physician and statistician 

who identified in the 1850s periodic economic cycles in capi-

talism lasting 7–11 years, termed Juglar cycles. Compare 

Kitchin cycles, Kondratiev waves. 

Juniper, Tony (1960–): English environmentalist and conserva-

tionist. 
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Kahn, Alfred E. (1917 - 2010): American economist and deregu-

lation enthusiast. 

Kahneman, Daniel (1934–): Israeli American psychologist, inter-

ested in decision-making and judgment. 

Kaiguang Zhao: Chinese American Earth scientist, physicist, 

and statistician. 

Kaldor, Nicholas (1908–1986): English economist who concocted 

6 laws of economic growth based upon historical correlations. 

Overall, Kaldor hinged growth prospects on the manufactur-

ing sector. Even the well-being of the non-manufacturing in-

dustries supposedly relied upon manufacturing's vigor. 

Kaminsky, Dan: American cybersecurity researcher. 

Kant, Immanuel (1724–1804): influential German philosopher. 

Kant, Ravi: Indian civil rights lawyer. 

Karabel, Jerome: American sociologist. 

Kaspersky, Eugene V. (1965–): Russian cybersecurity specialist. 

Kassem, Suzy (1975–): American author and philosopher. 

Kaushal, Sujay S.: American biochemist, interested in the envi-

ronmental effects of human land use, and the effect of climate 

change on water resources. 

Kay, Alan (1940–): American programmer who co-developed the 

Smalltalk language. 

Keen, Steve (1953–): Australian economist. 

Kefauver, Estes (1903–1963): American politician (Democrat); 

US Senator from Tennessee (1949–1963).  

Kelleher, Herb (1931–): American businessman who co-founded 

Southwest Airlines with Rollin King. 

Kelvin, Lord: see Thomson, William. 

Kemmler, William (1860–1890): American peddler and alcoholic, 

legendary for his drinking binges, who murdered his com-

mon-law wife with a hatchet. Kemmler was the first man ex-

ecuted by electrocution. 

Kennedy, John F. (JFK) (1917–1963): American politician (Dem-

ocrat); 35th US President (1961–1963). 

Kepler, Johannes (1571–1630): German mathematician, astron-

omer, and astrologer. 

Kern, David: American epidemiologist. 
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Kernighan, Brian W. (1942–): Canadian programmer. 

Kettering, Charles F. (1876–1958): American mechanical engi-

neer and inventor who invented the electrical starting motor 

for vehicles.  

Keynes, John Maynard (1883–1946): English macroeconomist 

who opposed Britain's return to the gold standard after 

World War 1 (in 1925), and who proposed that governments 

spend their way out of the Great Depression by printing 

money to stimulate demand. 

Keys, Patrick W.: American ecologist and climatologist, inter-

ested in freshwater resources. 

Khomeini, Ruhollah (aka Ayatollah Khomeini (to the Western 

world)) (1902–1989). Iranian Shia Muslim religious leader, 

revolutionary, and politician who became Iran's Supreme 

Leader after the 1979 Iranian Revolution. 

Kilby, Jack (1923–2005): American electrical engineer who cre-

ated the first integrated circuit. 

Killewald, Alexandra (1953–): American sociologist, educator, 

and demographer. 

Kimbrell, Andrew: American ecologist, technologist, and attor-

ney, interested in sustainable agriculture and healthsome 

food. 

Kindleberger, Charles P. (1910–2003): American economic histo-

rian. 

King, Martin Luther, Jr. (1929–1968): American Baptist minis-

ter and civil rights leader. King was 1 of 3 assassinations of 

liberal American political leaders in the 1960s (the other 2 

were John Kennedy (1963) and his younger brother Robert 

Kennedy (1968)). 

King, Rollin (1931–2014): American businessman who co-

founded Southwest Airlines with Herb Kelleher. 

King, Ryan S.: American biologist. 

Kipling, Rudyard (1865–1936): English writer and poet. 

Kirca, Ahmet H.: Turkish-American marketing professor. 

Kitchin, Joseph (1861–1932): English businessman and statisti-

cian who identified in 1923 short periodic economic cycles in 

capitalism lasting ~40 months, termed Kitchin cycles. Com-

pare Juglar cycles, Kondratiev waves. 
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Knuth, Donald E. (1938–): American software scientist and 

mathematician. 

Kohler, Tim A.: American evolutionary anthropologist and ar-

cheologist. 

Kolsek, Mitja: Slovenian software security specialist. 

Kondratiev, Nikolai (1892–1938): Russian economist who in 

1922 identified long-term economic cycles in capitalism of 

50–60 years, termed Kondratiev waves. Compare Kitchin cy-

cles, Juglar cycles. 

Koroma, Alimamy Petito: Sierra Leonean diplomat. 

Kristoufek, Ladislav: Czech economist. 

Kroc, Raymond A. (Ray) (1902–1984): American businessman 

who turned MacDonald's into a worldwide company. 

Kroger, Bernard (1860–1938): American grocer who founded 

Kroger. 

Kroodsma, David A.: American ecologist, interested in climate 

change. 

Krupp, Fred: American environmentalist and lawyer. 

Kuryla, Juan M.: American bureaucrat in charge of Port Miami. 

Kustin, Mary Ellen: American biologist and ecologist. 

Kuznets, Simon (1901–1985): Belarusian-American economist, 

interested in economics, economic growth, and inequality. 

Lake, Anthony (1939–): English diplomat. 

Lamb, Joleah B.: American marine biologist, interested in coral 

reef health. 

Lapointe, Ugo: Canadian ecologist. 

Laurance, William F. (Bill): American Australian ecologist and 

conservation biologist. 

Laval, Gustaf de (1845–1913): Swedish engineer who contrib-

uted to the development of steam turbines and dairy machin-

ery. 

Lavers, Jennifer L.: Australian marine ecologist. 

Law, John (1671–1729): Scottish economist and gambler. 

Lawes, John (1814–1900): English farmer. 

Lawless, Robert M.: American law professor, interested in bank-

ruptcy, consumer finance, and business law. 
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Le Roy, Pierre (1717–1785): French clockmaker. 

Leblanc, Nicholas (1742 –1806): French chemist and surgeon 

who discovered how to make soda ash. 

Lee, William (1563–1614): English clergyman who invented the 

stocking frame knitting machine in 1589. 

Lees, Alexander C. (1979–): English ecologist, interested in orni-

thology. 

Lei Dai: Chinese American biological physicist. 

Leibniz, Gottfried von (1646–1716): German mathematician and 

philosopher. 

Leland, Henry M. (1843–1932): American machinist, engineer, 

inventor, and automotive entrepreneur who founded 2 Amer-

ican luxury automotive marques: Cadillac and Lincoln. 

Lenoir, Étienne (1822–1900): Belgian engineer who in 1858 built 

the first internal combustion engine to become commercially 

successful. 

Lenzen, Manfred: Australian environmentalist, interested in re-

newable energy. 

Leonard, Anne F.C.: English environmental epidemiologist and 

microbiologist. 

Leonard, Mark (1974–): English political scientist. 

Levin, Carl (1934–): American politician (Democrat); US Sena-

tor from Michigan (1979–2015). 

Levitan, Don R.: American marine biologist. 

Li Ganjie: Chinese environmental bureaucrat. 

Li Laiyin: Chinese farmer. 

Liang Lingzan: Chinese scholar, military engineer, and govern-

ment official. 

Littler, Jo: English sociologist. 

Lo, Andrew (1960–): American finance professor. 

Locke, John (1632–1704): English philosopher and physician. 

Long, Timothy W.: American financial analyst and bank exam-

iner. 

Louis XIV (aka Louis the Great, the Sun King) (1638–1715): King 

of France (1643–1715). 
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Lovelock, James (1919–): English naturalist and inventor, 

known for his Gaia theory. 

Lubbers, Ingird M.: Dutch soil scientist. 

Lucas, George (1944–): American filmmaker. 

Lucas, Robert E. Jr. (1937–): American economist. 

Łukasiewicz, Ignacy (1822–1882): Polish pharmacist and petro-

leum industry pioneer who invented the modern kerosene 

lamp and streetlamp (both 1853) and built the first modern 

oil well (1854) and oil refinery (1856). 

Lundberg, George D.: American pathologist. 

Lunt, Paul S.: American sociologist. 

Lyell, Charles (1797–1875): Scottish lawyer and geologist. Lyell 

coined the term Neolithic, and popularized James Hutton's 

notions of uniformitarianism. Based upon geological anoma-

lies, Lyell was one of the first to believe the Earth older than 

300 million years. Lyell was a close friend of Darwin and sig-

nificantly influenced Darwin's views on evolution. 

Lynch, Heather J.: American ecologist, evolutionary biologist, 

and physicist.  

Lyons, S. Kathleen: American paleobiologist. 

Ma Jun: Chinese environmental scientist. 

MacDonald, Richard (1909–1998) & Maurice (1902–1971): Amer-

ican restaurateurs who started MacDonald's. 

MacDougall, A.S.: Canadian biologist. 

MacGregor, Gregor (1786–1845): Scottish soldier who fought in 

the South American struggle for independence. MacGregor 

went on to pirate Spanish ships before stepping up to mas-

sive fraud by claiming title as Prince of the Principality of 

Poyais, an imaginary land. MacGregor suckered British and 

French investors and settlers, thereby making a major con-

tribution to the financial Panic of 1825. 

Machiavelli, Niccolò (1469–1527): Italian historian, politician, 

diplomat, and philosopher; one of the founders of modern po-

litical science. 

Of mankind we may say in general they are fickle, hypocriti-
cal, and greedy of gain. ~ Niccolò Machiavelli 

Mack, John J. (1944–): American investment banker; former 

head of Morgan Stanley (1993–2001, 2005–2010). 
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Mackay, Charles (1812–1889): Scottish journalist and author, 

best known for his book on social psychology and psycho-

pathology: Extraordinary Popular Delusions and the Mad-

ness of Crowds (1841). 

Macleod, Norman (1953–): American paleontologist. 

Maestas, Nicole: American sociologist and economist. 

Magallón, Susana: Mexican botanist. 

Mahaffey, James: American research scientist, interested in nu-

clear technology. 

Mallock, William H. (1849–1923): English novelist and econom-

ics writer. 

Mallory-Smith, Carol: American botanist, interested in weeds. 

Malthus, Thomas Robert (1766–1834): English parson who fret-

ted that human population growth would eventually be 

checked by famine, disease and "vice." Malthus opposed the 

optimistic perspective popular in Europe during the mid-

18th century that society was perfectible. He instead viewed 

"the lower classes" such avid breeders that they could not 

overcome their destitution. Malthus' own optimistic solution 

was "moral restraint" by the masses. 

Mandeville, Bernard (1670–1733): Dutch political economist and 

philosopher; known for the 1705 poem The Fable of the Bees, 

which analogously (via a bee colony) argued that the materi-

alist greed of the rich was a public benefit. Mandeville's 

praise of economic stratification was adored by Friedrich 

Hayek. More productively, Adam Smith appropriated Man-

deville's observation about the economic value of labor spe-

cialization. 

Mani, Anandi: Indian behavioral economist. 

Mao Zedong (aka Mao Tse-tung) (1893–1976): Chinese revolu-

tionary and dictator (1949–1976). 

Margulis, Lynn (1938–2011): American evolutionary theorist, 

science writer, and educator. 

Marino, Lori: American behavioral zoologist, neuroscientist, 

and psychologist. 

Marsden, Katrina: British ecologist. 

Marshall, Alfred (1842–1924): English economist. 
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Marshall, George (1880–1959): American soldier and diplomat. 

Army chief of staff (1939–1945); US envoy to China (1945–

1947); US Secretary of State (1947–1949); US Secretary of De-

fense (1950–1951). 

Marshall, Thurgood (1908–1993): American jurist; Supreme 

Court Justice (1967–1991). 

Martin, Henry: Swiss chemist who discovered glyphosate. 

Martín-Duque, José F.: Spanish geologist. 

Marx, Karl (1818–1883): Prussian German historian, sociologist, 

and economist, known as a proponent of scientific socialism: 

social ownership and cooperative economic management. 

Maslin, Mark: English climatologist. 

Mattila, Tuomas: Finnish economist. 

Mauchly, John W. (1907–1980): American physicist who was in-

strumental in designing and building the first general-pur-

pose electronic digital computer (ENIAC). 

Maxwell, John C. (1947–): American author and pastor, inter-

ested in management. 

Mayer, Marissa (1975–): American business executive and com-

puter scientist who failed to turn Yahoo! around, and so sold 

it off to great personal profit. 

McCarthy, John (1927–2011): American computer scientist who 

coined the term artificial intelligence. 

McCauley, Douglas J.: American marine biologist. 

McHugen, Alan: American plant geneticist. 

McKee, Jeffrey: American anthropologist. 

Mehmed II (aka Muhammad al-Fatih the Conqueror) (1432–

1481): Ottoman sultan who brought an end to the Eastern 

Roman Empire. 

Mehta, Devang: Indian geneticist, interested in synthetic biol-

ogy. 

Meiji (Emperor) (1852–1912): Japanese emperor (1867–1912). 

Mekonnen, Mesfin M.: Ethiopian hydrologist. 

Melander, A.L.: American entomologist, interested in insecti-

cides. 

Méline, Jules (1838–1925): French politician; Prime Minister 

(1896–1898). 
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Mellon, Andrew (1855–1937): American banker; US Treasury 

Secretary (1921–1932). 

Merkel, Angela (1954–): German politician (Christian Demo-

cratic Union) with a disciplined and patient leadership style; 

the longest-serving Chancellor (2005–2020) and de facto 

leader of the European Union. 

Meshkati, Najmedin: Iranian American systems engineer. 

Meyer, Bertrand (1950–): French software scientist. 

Midgley, Thomas Jr. (1889–1944): American mechanical and 

chemical engineer. 

Mijs, Jonathan J.B.: Dutch economist and sociologist, interested 

in economic inequality. 

Milito, Erik: American soldier, attorney, and lobbyist for the 

American Petroleum Institute. 

Mill, Henry (1683–1771): English inventor who first patented a 

typewriter in 1714, though it was of no practical use. 

Miller, Robert T.: American law professor, specializing in corpo-

rate law. 

Mills, Paul J.: American physician. 

Milner, Robin (1934–2010): English computer scientist. 

Milo, Ron: Israeli biologist and environmental scientist. 

Minsky, Hyman (1919–1996): American economist, interested in 

financial crises. 

Mitchell, Tom M. (1951–): American computer scientist, inter-

ested in artificial intelligence. 

Miyagishima, Kazuaki: Japanese physician who works in public 

health. 

Moctezuma II (aka Montezuma) (1466–1520): 9th ruler of Ten-

ochtitlán (1502–1520). Moctezuma enlarged the Aztec Empire 

through warfare before losing his kingdom and life to con-

quistador Hernán Cortés. 

Molina, Mario J. (1943–): Mexican chemist who co-discovered 

the Antarctic ozone hole with Sherwood Rowland. 

Moore, Monica: American pesticide maven. 

Moran, Nancy A. (1954–): American evolutionary biologist, in-

terested in insect microbiomes. 
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More, Thomas (1478–1535): English lawyer, statesman, social 

philosopher, and Renaissance humanist. More was a counci-

lor to King Henry VII, but then the relationship soured. A 

conservative Catholic, More refused Henry's moves to annul 

his marriage to Catherine of Aragon by separating the 

Church of England from the Catholic Church. More's stead-

fast refusal to Henry's desires led to More being convicted of 

treason, for which More was beheaded. 

Morgan, Bethan: English zoologist. 

Morgan, John Pierpont Sr. (J.P.) (1837–1913): American finan-

cier and tycoon who specialized in turning around troubled 

companies by reorganization, a process then known as Mor-

ganization. 

Morgenstern, Oskar (1902–1977): German economist who devel-

oped mathematical game theory.  

Morin, Edgar (1921–): French philosopher and sociologist 

Morris, Robert T. (1965–): American programmer who stupidly 

wrote and released malware on the Internet in November 

1988, leading to nationwide publicity regarding the lack of 

security of the Internet. 

Morse, Samuel (1791–1872): American portrait painter and in-

ventor who created a single-wire telegraph system based on 

European telegraphs. Morse developed Morse code, and fos-

tered commercial telegraphy. 

Mosca, Americo: Italian chemist. 

Mouchout, Auguste (1825–1911): French inventor who made the 

first solar-powered steam engine. 

Moynihan, Brian (1959–): American lawyer and financial busi-

ness executive; CEO of Bank of America (2010–). 

Mueller, Holger M.: Swiss economist. 

Muennig, Peter: American public health analyst. 

Muhammad (570–632): Arabian religious and political leader 

who founded the Islamic religion; believed by Muslims to be 

the prophet of Allāh. 

Mullainathan, Sendhil (1973–): Indian economist, interested in 

behavioral economics. 

Mulholland, William (1855–1935): Irish American hydrologist 

who headed the Los Angeles water department (1911–1929), 
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and enthusiastically built aqueducts to distant water sources 

so as supply. On 12 March 1928, the newly constructed St. 

Francis Dam, intended to create a reservoir for LA, failed just 

12 hours after Mulholland had inspected it and declared it 

sturdy. The dam collapse killed 600. Mulholland took respon-

sibility and resigned. 

Müller, Paul Hermann (1899–1965): Swiss chemist who won the 

Nobel Prize in 1948 for having discovered the insecticidal 

power of DDT (in 1939). 

Muller, Jerry Z.: American historian, interested in capitalism 

and the history of social, political, economic, and religious 

thought. 

Mulvaney, Dustin: American environmental scientist. 

Mumford, Lewis (1895–1990): American historian, sociologist, 

philosopher of technology, and critic of literature, architec-

ture, and art, interested in urban life. 

Mun, Thomas (1571–1641): English merchant and economics 

writer who advocated mercantilism. Unsurprisingly, Mun 

was born into a wealthy merchant family, and enjoyed the 

advantages of his social stratum. 

Mushet, Robert Forest (1811–1891): English metallurgist who 

made the Bessmer process practicable. 

Muto, Nick: American fisherman. 

Napier, John (1550–1617): Scottish mathematician, physicist, 

and astronomer. 

Nedelec, Sophie: English zoologist, interested in marine biology. 

Neidell, Matthew: American public health maven. 

Neira, Maria: Spanish doctor and surgeon, interested in public 

health, endocrinology, metabolic diseases, and nutrition. 

Neira is the director of public health and the environment at 

the World Health Organization. 

Nenes, Athanasios: American ecologist, interested in ecological 

interactions between the atmosphere and hydrosphere. 

Neumann, John von (1903–1957): Hungarian-American mathe-

matician and physicist who made major contributions to 

mathematics, physics, computing, and statistics. 

Neumann, Peter G. (1932–): American software scientist. 

Neves, Octavio: Brazilian gold miner. 
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Newcomen, Thomas (1664–1729): English ironmonger who de-

veloped the first practical steam engine for pumping water. 

Newmaster, Steven G.: Canadian botanist. 

Newton, Isaac (1642–1727): English physicist, astronomer, al-

chemist, mathematician, natural philosopher, and theolo-

gian, interested in the occult; widely considered to be one of 

the greatest and most influential scientists. Classical me-

chanics are often termed Newtonian physics. 

Nicolia, Alessandro: Italian biotechnologist. 

Nixon, Richard (1913–1994): American politician (Republican); 

37th US President (1969–1974). 

Norsworthy, Jason: American agronomist. 

North, Emily J.: American environmental scientist and chemi-

cal engineer. 

Noyce, Robert (1927–1990): American physicist who pioneered 

the development of integrated circuits. 

Nunn, Nathan (1974–): Canadian economist and economic histo-

rian. 

Nygaard, Kristen (1926–2002): Norwegian software scientist 

who fathered the Simula programming language with Ole-

Johan Dahl.  

O'Connor, David E.: American economist. 

O'Keefe, Richard A.: American computer scientist. 

O'Regan, Fred: American environmental scientist. 

Obama, Barack (1961–): American politician (Democrat); 44th 

US President (2009–2016). 

Offa: king of Mercia (758–796). Mercia was a kingdom in central 

Anglo-Saxon England from the late 6th century to the end of 

the 9th century. 

Olsen, Ken (1926–2011): American engineer who co-founded Dig-

ital Equipment Corporation with Harlan Anderson. 

Onyango, Paul: Congolese naturalist. 

Oresme, Nicole (~1325–1382): French philosopher who wrote in-

fluential works on a variety of subjects, including mathemat-

ics, physics, astronomy, astrology, economics, philosophy, 

and theology; one of the most original thinkers of the 14th 
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century. Oresme was a Roman Catholic bishop, a translator, 

and a counselor to French King Charles V. 

Ormsby-Gore, William David (1918–1985): English politician 

(Conservative). 

Orwell, George (pseudonym of Eric Arthur Blair) (1903–1950): 

English novelist, best known for the allegorical novella Ani-

mal Farm (1945) and the dystopian political novel 1984 

(1949). Orwell was keenly aware of social injustice, commit-

ted to democratic socialism, and opposed to totalitarianism. 

Osmon I (aka Osman Gazi) (1258–1326): leader of the Ottoman 

Turks and founder of the Ottoman dynasty (1299–1922). 

Otto the Great (aka Otto I) (912–973): German king (from 936) 

who became Holy Roman Emperor (962–973). 

Otto, Nikolaus A. (1832–1891): German engineer who invented 

the first internal combustion engine to efficiently burn fuel 

in a piston chamber. Though Alphonse Beau de Rochas in-

vented and patented the technology, Otto made it practical. 

Oughtred, William (1574–1660): English mathematician and 

Anglican minister. 

Ouimet, Paige: American economist. 

Overell, Stephen: English labor-market maven. 

Owens, Robert (1771–1858): Welsh entrepreneur and social re-

former; the founder of childcare in Britain. 

Ozzie, Ray (1955–): American software entrepreneur. 

Page, Larry (1973–): American computer scientist and co-

founder of Google. 

Pagel, Lauren: American chemist. 

Pahlavi, Mohammad Reza (1919–1980): Iranian dictator who 

was the Shah of Iran (1941–1979); overthrown in the 1979 

Iranian Revolution. 

Palidda, Salvatore: Italian anthropologist. 

Palmer, Paul: English climatologist. 

Pan Yue: Chinese bureaucrat; deputy minister for environmen-

tal protection. 

Pandolfi, John M.: Australian marine biologist. 
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Papin, Denis (1647–1712): French physicist, mathematician, and 

inventor who invented the steam digester, a forerunner of the 

pressure cooker. 

Parmalee, David D.: American inventor who constructed the 

first arithmetic calculator with a keyboard in 1849. 

Parsons, Charles A. (1854–1931): Anglo Irish engineer who in-

vented the modern compound steam turbine. 

Pasari, Jae R.: American environmental biologist. 

Pascal, Blaise (1623–1662): French mathematician, physicist, 

inventor, and Christian philosopher. 

Pasquale, Frank: American law professor, interested in techno-

logical changes in society, including healthcare, the Internet, 

and finance. 

Patrut, Adrian: Romanian ecologist. 

Pearlstein, Steven: American journalist and columnist, inter-

ested in economics and business. 

Perkins-Kirkpatrick, Sarah: Australian climatologist, inter-

ested in heatwaves. 

Perlin, John: American physicist and energy scholar. 

Perry, Mark J.: American pro-capitalist economist. 

Perry, Matthew (1794 –1858): American naval commander who 

led an expedition to Japan (1852–1854) to force open Japa-

nese ports to American trade. 

Peter the Great (aka Peter Alexeyevich) (1672–1725): Russian 

ruler (tsar) (1682–1725). 

Peters, Edgar E. (1952–): American investor. 

Peterson, Garry D.: Swedish ecologist, climatologist, environ-

mental economist, and geographer. 

Peterson, George: American economist. 

Petrarch (Petrarca), Francesco (1304–1374): Italian poet and 

scholar who coined the term Dark Ages; one of the earliest 

humanists. 

Petroski, Henry (1942–): American engineer, interested in engi-

neering failure. 

Petty, William (1623–1687): English economist, statistician, sci-

entist, philosopher, and politician. 
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Pfeffer, Fabian T.: American sociologist, interested in inequal-

ity. 

Pfeiffer, Dale Allen: American geologist and writer. 

Pfiefer, Marion: English ecologist. 

Philip II of Macedon (359–336 BCE): king of the ancient Greek 

kingdom of Macedon (Macedonia) until his assassination. 

Succeeded by his son, Alexander the Great. 

Philippon, Thomas: French American financial economist. 

Philo of Byzantium (aka Philo Mechanicus) (280–220 BCE): 

Greek engineer who lived in Alexandria, Egypt. 

Picasso, Pablo (1881–1973): Spanish painter, visual artist, poet, 

playwright, and stage designer. 

Pickens, T. Boone (1928–): American business magnate and fi-

nancier. 

Piketty, Thomas (1971–): French economist, interested in eco-

nomic inequality. 

Pimm, Stuart L.: American ecologist. 

Pinsky, Malin L.: American marine ecologist. 

Pisano, Gary P.: American business academic and economist. 

Pizarro, Francisco (1476–1541): Spanish conquistador. 

Plato (427–347 BCE): Greek philosopher and mathematician. 

Plutarch (of Chaeronea) (46–120): Greek historian, essayist, and 

biographer. 

Polo, Marco (1254–1324): itinerant Italian merchant who docu-

mented his travels, introducing Europeans to central Asia 

and China. 

Ponting, Clive: English historian. 

Ponzi, Charles (1882–1949): Italian businessman and con artist, 

best known for his trademark swindle of paying early inves-

tors off using funds from later investors: a Ponzi scheme. 

Popkin, Susan J.: American sociologist. 

Powles, Stephen B.: Australian herbicide researcher. 

Pratto, Felicia: American social psychologist. 

Prospero, Joseph M.: American meteorologist. 

Proudhon, Pierre-Joseph (1809–1865): French philosopher who 

advocated libertarian socialism. 
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Qian, Nancy: Chinese American economist, interested in eco-

nomic development, political economy, and economic history. 

Quayle, Dan (1944–): American politician (Republican); 44th 

Vice President (1989–1993); US Senator from Indiana (1981–

1989). 

Quesnay, François (1694–1774): French physician and economist 

of the physiocratic school. Quesnay's peasant rural roots go a 

long way in explaining his idyllic economic ideas. 

Queste, Bastien Y.: English marine biogeochemist. 

Rabi, Isidor (1898–1988): Polish-born American physicist. 

Rahmstorf, Stefan: German ocean physicist. 

Raine, Nigel E.: English animal ecologist. 

Ramankutty, Navin (1977–): Indian agricultural geographer. 

Ramirez, Francisco: Spanish marine ecologist. 

Rank, Mark R.: American social welfare scholar. 

Rapley Chris G. (1947–): English climatologist. 

Rapley, John: English sociologist, interested in globalization 

and governance. 

Rasmus, Jack: American political economist. 

Ratcliffe, Caroline: American economist, interested in social jus-

tice. 

Raymo, Maureen E.: American paleoceanographer and marine 

geologist. 

Razin, Stenka (1630–1671): Cossack revolutionary. 

Reagan, Ronald (1911–2004): American actor and politician (Re-

publican); 40th US President (1981–1989). 

Rees, Nicholas: English political economist. 

Reeves, Richard V.: British American economist. 

Reid, Harry (1939–): American politician (Democrat). 

Rein, Guillermo: Spanish fire scientist. 

Reisner, Marc (1948–2000): American environmentalist. 

Relyea, Rick A.: American biologist. 

Resplandy, Laure: American geoscientist. 

Revelle, Roger (1909–1991): American oceanographer and clima-

tologist. 



752 Spokes 6: The Fruits of Civilization  

Rhodes, Frank H.T. (1926–): American geologist. 

Rice, Terry L.: American hydrologist. 

Richards, Martin (1940–): English programmer. 

Richards, Paul W.: English ecologist. 

Richardson, Anthony J.: Australian ecologist, interested in ma-

rine climate change. 

Rifkin, Jeremy (1945–): American economic and social theorist. 

Ritchie, Dennis (1941–2011): American programmer who created 

the C language. 

Robbins, Justin: American software support specialist. 

Robbins, Lionel (1898–1984): English economist. 

Robert, Christopher (Chris): American business management 

professor, interested in social psychology. 

Roberts, Edward: American electronics engineer. 

Robertson, Bruce: American ecologist. 

Robertson, Robbie (1943–): Canadian musician and songwriter, 

best known for his work as lead guitarist and primary song-

writer for The Band (1967–1976 in its original incarnation). 

Rocha, Luiz: American ichthyologist, zoologist, and evolutionary 

biologist. 

Rochas, Alphonse Beau de (1815–1893): French engineer who in 

1861 originated the idea of a 4-stroke internal combustion 

engine, for which he received a patent in 1862. 

Rockefeller, John D. (1839–1937): American oil industry mag-

nate and industrialist. Rather than investing in the riskier 

aspects of prospecting and drilling, Rockefeller concentrated 

on oil refining. Rockefeller became the richest person in mod-

ern times. His Stanford Oil grew to control 90% of the US oil 

supply. The US Supreme Court broke the monopoly in 1911, 

forcing Rockefeller to split Standard Oil into 34 companies. 

Rodrik, Dani (1957–): Turkish economist. 

Roebuck, John (1718–1794): English industrialist and chemist. 

Rollin, Bernard E.: American bioethicist and philosopher. 

Rolls, John A.: American business executive. 

Roosevelt, Franklin D. (aka FDR) (1882–1945): American politi-

cian (Democrat); 32nd US President (1932–1945). 
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Roosevelt, Theodore Jr. (Teddy) (1858–1919): American politi-

cian (Republican), adventurer, and killer of wild animals 

("naturalist" would be too kind an attribution, as Roosevelt 

enjoyed slaughter much more than study); 26th US President 

(1901–1909). 

Rosset, Peter: American agricultural ecologist. 

Rothwell, Jonathan: American economist. 

Rousseau, Yannick: Australian marine ecologist. 

Rowland, F. Sherwood (1927–2012): American chemist, inter-

ested in chemical kinetics and atmospheric chemistry. 

Royer, Sarah-Jeanne: Canadian biological oceanographer, inter-

ested in the marine carbon cycle. 

Ruddiman, William F.: American paleoclimatologist. 

Rushkoff, Douglas: American technologist. 

Russell, Bertrand (1872–1970): English philosopher, logician, 

mathematician, historian, social critic, and political activist. 

Russell, Joellen L.: American oceanographer. 

Russell, Leon (1942–): American musician and songwriter. 

Ryan, Alan (1940–): English political theorist and historian of 

political thought. 

Sagan, Dorion (1959–): American science theorist. 

Saint-Simon, Henri: see de Saint-Simon. 

Sambyal, Singh: Indian urban environmental ecologist. 

Samet, Jonathan M.: American physician. 

Samson, Alain: American economist, interested in behavioral 

economics. 

Samuelson, Paul (1915–2009): American economist. 

Samuelson, Robert J. (1945–): American economic journalist. 

Sánchez-Bayo, Franciso: ecologist and ecotoxicologist. 

Sanders, Bernard (Bernie) (1941–): American democratic social-

ist politician. 

Sanders, Scott R.: American sociologist. 

Sankey, Joel: American geologist. 

Satyarthi, Kailash (1954–): Indian children's rights advocate. 

Savery, Thomas (1650–1715): English engineer who invented 

the first commercial steam engine. 
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Sawhill, Isabel V.: American political scientist and economist. 

Say, Jean-Baptiste (1767–1832): French businessman and econ-

omist who observed the wasteful production proclivity of cap-

italism. 

Scalenghe, Riccardo: Italian pedologist. 

Scharlemann, Jörn P.W.: English ecologist and zoologist. 

Scheidel, Walter: American historian. 

Schickard, Wilhelm (1592–1635): German polymath who in-

vented the mechanical calculator. 

Schleicher, Andreas: German statistician. 

Schnitzer, Stefan A.: American ecologist. 

Schoeman, David S.: South African ecologist, interested in cli-

mate change. 

Schulz, Thomas: German economist. 

Schumacher, E.F. (Ernst Friedrich, Fritz) (1911–1977): German-

born British economist, statistician, and humanist. 

Schumpeter, Joseph (1883–1950): Austrian American economist. 

Schwägerl, Christian: German biologist and journalist. 

Searle, John R. (1932–): American philosopher. 

Seattle (an anglicization of Si'ahl) (1786–1866): Native Ameri-

can chief of the Suquamish and Duwamish tribes in present-

day US Washington state. Seattle pursued a path of accom-

modation with white settlers. The city of Seattle is named 

after the chief.  

Seger, Bob (1945–): American singer/songwriter and roots rock 

musician who ascended to the UMC. 

Seidel, Marc-David L.: American business management maven. 

Seidman, L. William (1921–2009): American economist who 

headed the US Federal Deposit Insurance Corporation, and 

then the Resolution Trust Corporation during the country's 

savings and loan crisis (1986–1995). 

Sewell, Abigail A.: American sociologist. 

Shah, Anuj K.: American psychologist, interested in the psychol-

ogy of scarcity. 

Shah of Iran: see Pahlavi, Mohammad Reza. 
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Shannon, Claude E. (1916–2001): American mathematician, 

electrical engineer, and cryptographer, interested in imple-

menting symbolic logic via machinery. Shannon founded cir-

cuit design theory (1937) and information theory (1948). 

Shapira, Yoash: Israeli economist. 

Shapiro, Carl (1955–): American economist. 

Shaw, George Bernard (1856–1950): Irish playwright and polem-

icist, angered by the exploitation of the working class; an ar-

dent socialist. 

Sherwood, Steven: Australian climatologist. 

Shih, Willy C.: American businessman and business academic, 

with expertise in technology and manufacturing. 

Shiller, Robert (1946–): American economist. 

Shiva, Vandana (1952–): Indian scholar and environmental sci-

entist. 

Shockley, William Jr. (1910–1989): American physicist who in-

vented semiconductor transistors. 

Sholes, Christopher Latham (1819–1890): American inventor 

who invented the first semi-practical typewriter and devised 

the QUERTY keyboard layout. 

Shtudiner, Ze'ev: Israeli economist. 

Shuman, Frank (1862–1918): American inventor and engineer 

who pioneered solar engines. 

Sibley, Nick T.: English investment banker. 

Sidanius, Jim: English psychologist. 

Silverstein, Rachel: American environmental scientist, inter-

ested in preserving coral reefs. 

Simmel, Georg (1858–1918): German sociologist. 

Simon, Herbert A. (1916–2001): American political scientist, so-

ciologist, psychologist, economist, and computer scientist.  

Simon-Delso, Noa: Dutch entomologist and ecologist interested 

in pesticides. 

Simpson, Wallis (1896–1986): English Duchess of Windsor. 

Sismondi, Jean: see de Sismondi. 

Siviter, Harry: English biologist. 

Slessarev, Eric W.: American soil ecologist. 
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Smeeding, Timothy M. (Tim): American political economist, in-

terested in inequality and poverty. 

Smil, Vaclav: Czech Canadian environmental scientist. 

Smith, Adam (1723–1790): Scottish moral philosopher who ad-

vocated laissez-faire capitalism. 

Smith, David H.: American ecologist. 

Smithers, Andrew: English economist. 

Socrates (469–399 BCE): Athenian Greek philosopher. 

He is richest who is content with the least, for contentment is 
the wealth of Nature. ~ Socrates  

Soll, David R.: American hydrologist. 

Solomon, Susan (1956–): American atmospheric chemist. 

Solow, Robert (1924–): American economist, interested in eco-

nomic growth. 

Sorg, Martin: German entomologist. 

Southwell, Robert: 16th-century English landowner. 

Spicer, Andrew: American international business professor. 

Spielberg, Ben: American labor maven, mathematician, and 

computational scientist. 

Spinoza, Baruch (born Benedito de Espinosa, aka Benedict de 

Spinoza) (1632–1677): Dutch rationalist philosopher who laid 

the groundwork for the 18th-century Enlightenment.  

Stadler, Josef: Swiss economist. 

Stalin, Joseph (1878–1953): Georgian-born Soviet politician; 

ruthless leader of the Soviet Union from the mid-1920s until 

his death.  

Standish, Arthur: English writer on agriculture. 

Stasinos (776–580 BCE): Greek poet. 

Steffen, Will (1947–): American chemist, interested in climate 

change. 

Stern, Andy (1950–): American labor leader; former head of the 

Service Employees International Union (1996–2010). 

Stevens, Ann Huff: American economist. 

Stevenson, Betsey (1971–): American political economist, inter-

ested in labor. 
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Stibitz, George (1904–1995): American mathematical physicist 

who tinkered with electromechanical calculators. 

Stiglitz, Joseph E. (1943–): American economist. 

Stolypin, Pyotr (1862–1911): Russian Prime Minister (1906–

1911). During his tenure, Stolypin tried to counter revolu-

tionary groups, and implemented agrarian reforms, which 

aimed to stem peasant unrest by creating a class of market-

oriented landowners. Stolypin was one of the last major 

statesmen of Imperial Russia with clearly defined policies 

and a determination to undertake major reforms. 

Strauss, Lewis L. (1896–1974): American businessman and bu-

reaucrat. 

Strona, Giovanni: Italian ecologist and biogeographer. 

Stroustrup, Bjarne (1950–): Danish programmer who developed 

C++. 

Stuart, John (1740–1811): English clergyman and educator. 

Stuart, Tristram (1977–): English environmental scientist, in-

terested in food waste. 

Stump, Christopher: American fishing observer. 

Stumpf, John G. (1953–): American banker; chief of Wells Fargo 

who resigned in disgrace over fraud committed by the bank. 

Suess, Hans E. (1909–1993): Austrian-born American physical 

chemist and nuclear physicist. 

Suleiman the Magnificent (aka Suleiman I, Kanunî Sultan 

Süleyman ("The Lawgiver Suleiman")) (1494–1566): 10th and 

longest-reigning Sultan of the Ottoman Empire (1520–1566). 

Suleiman presided over the apex of the Ottoman Empire, 

personally leading his armies in conquering Christian 

strongholds in Hungary, Serbia, and Greece before being 

checked at Vienna in 1529. Suleiman annexed much of the 

Levant. The Ottoman fleet dominated the Mediterranean 

Sea, the Red Sea, and the Persian Gulf. Suleiman instituted 

major changes in educational, social, criminal, and taxation 

law. Suleiman, himself a distinguished poet and goldsmith, 

was a great patron of culture, overseeing a golden age of 

Turkish art, literature, and architecture. 

Sullivan, John: American programmer. 

Summers, Lawrence (1954–): American economist. 
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Sunstein, Cass R. (1954–): American legal scholar and behav-

ioral economist. 

Swan, Joseph (1828–1917): British physicist and chemist who 

invented the incandescent light bulb. 

Swarts, Frédéric (1866–1940): Belgian chemist who synthesized 

the first CFC. 

Sweetman, Andrew K.: English marine ecologist. 

Synolakis, Costas: Turkish civil and environmental engineer. 

Syrus, Publilius (85–43 BCE): Latin writer who began as a Syrian 

slave taken to Italy. Freed by his master because of his wit 

and then educated, Syrus secured for himself a place in his-

tory. 

Takakazu, Seki (aka Seki Kōwa) (1642–1708): Japanese mathe-

matician who laid the foundation for the Japanese school of 

mathematics (wasan). 

Taylor, Howard F.: American sociologist. 

Taylor, John B. (1946–): American economist. 

Taylor, Robert W. (Bob) (1932–): American computer scientist. 

Taymiyyah, Ibn (1263–1328): Mesopotamian Islamic scholar. 

Tertullian (Quintus Septimus Florens Tertullianus) (155–240): 

North African Roman Christian theologian. 

Tesla, Nikola (1856–1943): Serbian-American electrical and me-

chanical engineer and physicist, interested in telephony and 

electricity. Tesla contributed to the design of electrical supply 

using alternating current (AC). 

Tetu, Sasha G.: Australian biochemist and molecular biologist. 

Thatcher, Margaret (1925–2013): English politician (Conserva-

tive); UK Prime Minister (1975–1990). 

Theodosius of Bithynia (160–100 BCE): Greek astronomer and 

mathematician. 

Thomas, Bryan: American climatologist. 

Thomas, Mridul K.: marine ecologist. 

Thomson, William (1837–1907) (better known at Lord Kelvin): 

mathematical physicist and engineer, best known for sug-

gesting that there is an absolute lower limit to temperature: 

whence the Kelvin temperature scale. 
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Thompson, Kenneth L. (Ken) (1943–): American programmer 

who wrote the Unix operating system. 

Thompson, Richard C.: English marine ecologist. 

Thorne, Deborah: American sociologist, interested in economic 

inequality. 

Thorstein, Veblen (1857 - 1929): American economist and sociol-

ogist who viewed economics from an evolutionary perspec-

tive, especially how institutions shaped economic behavior. 

Veblen pioneered institutional economics. 

Thorton, Joel A.: American atmospheric scientist. 

Thrall, Thomas: American financial analyst. 

Tingley, Morgan W.: American ornithologist, conservation biol-

ogist, and quantitative ecologist. 

Tokugawa Ieyasu (1543–1616): Japanese founder of the Toku-

gawa shogunate; the 1st Shogun (1600–1616). 

Torvalds, Linus (1969–): Finnish American programmer who de-

veloped Linux. 

Toynbee, Arnold (1852–1883): English economic historian, 

known for his desire to improving the living conditions of the 

working class. 

Toyotomi Hideyoshi (1537–1598): Japanese daimyō, samurai, 

and politician who unified the country in 1590. 

Trevithick, Richard (1771 –1833): English mining engineer who 

made the first high-pressure steam engine in 1799. 

Trigger, Bruce G. (1937–2006): Canadian anthropologist and ar-

cheologist. 

Trilling, Lionel (1905–1975): American author, literary critic, 

and teacher. 

Truman, Harry S. (1884–1972): US politician (Democrat); 33rd 

US President (1945–1953). 

Trump, Donald (1946–): American real estate magnate, con art-

ist, and plutocrat who disguised himself as a populist (Re-

publican); 45th US President (2017–2021). 

Tryon, Thomas (1634–1703): English hatter, environmentalist, 

author of popular self-help books, and advocate of vegetari-

anism. As a child, Tryon was forced to work spinning wool, 

receiving no education. In his teens, Tryon taught himself to 

read in his spare time while working as a shepherd. In 1657 
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Tryon followed his inner voice to become a vegetarian and 

lived frugally. In 1682 his inner voice instructed Tryon to 

write books that encouraged a healthy lifestyle. His most 

popular book was The Way to Health (1691), which inspired 

Benjamin Franklin to become a vegetarian. 

Tuchman, Barbara W. (1912–1989): American historian. 

Tucker, Marlee A.: German ecologist, interested in animal be-

havior and movement patterns. 

Tuff, Kika: American ecologist. 

Tufte, Edward R. (1942–): American statistician. 

Turgot, Anne Robert Jacques (1727–1781): French statesman 

and economist of the physiocracy school, remembered as an 

early advocate of a laissez-faire market system. 

Turing, Alan (1912–1954): influential English logician, mathe-

matician, computer scientist, cryptanalyst, and theoretical 

biologist; influential in the conceptualization of computer sci-

ence; persecuted by the British government for homosexual-

ity to the point of suicide (torture which Queen Elizabeth 

called "appalling" in 2009). 

Tusser, Thomas (1524–1580): English poet and farmer. 

Tversky, Amos (1937–1996): Israeli American psychologist. 

Twain, Mark (1835–1910): pseudonym of Samuel Langhorne 

Clemens; American author, prized for his satire and wit. 

Tyler, George R.: American economist. 

Udall, Stewart L. (1920–2010): American politician (Democrat), 

US Secretary of the Interior (1961–1969), and environmental-

ist. 

Unger, Nadine: English mathematician and chemist, interested 

in climate change, especially the atmosphere. 

van Lexmond, Maarten Bijleveld: Dutch biologist and conserva-

tionist, interested in pesticides. 

Vander Elst, Tinne: Belgian psychologist. 

Vanderbilt, Cornelius (1794–1877): American business magnate 

who diligently built his wealth in shipping and railroads. 

Vanderschuren, Hervé: Swiss botanist, interested in crop pro-

duction and plant biotechnology. 
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Veblen, Thorstein (1857–1929): American economist and sociolo-

gist. 

Veldkamp, Ted I.E.: Dutch Earth scientist and hydrologist. 

Venter, Oscar: Canadian Australian South African forest scien-

tist. 

Vespasian (9–79): Roman Emperor (69–79). 

Vespucci, Amerigo (1454–1512): Florence-born Italian explorer, 

navigator, cartographer, and financier. ~1502, Vespucci 

demonstrated that the New World was not Asia's eastern 

outskirts as Columbus advertised. The hemisphere came to 

be called the Americas, derived from the Latin for Vespucci's 

first name (Americus). 

Vitruvius (31 BCE–14 CE): Roman engineer who wrote a 10-vol-

ume treatise on all aspects of Roman engineering. 

Volta, Alessandro (1745–1827): Italian physicist and chemist 

who discovered methane and invented the electrical battery. 

Voltaire (1694–1778): non de plume of French philosopher and 

historian François-Marie Arouet, famous for his wit, for his 

attacks on Christianity, and for his advocacy of separation of 

church and state. 

von Blücher, Gebhard (1742–1819): fiery Prussian field marshal 

who earned his greatest recognition in leading his army 

against Napoléon at the Battle of the Nations at Leipzig in 

1813 and the Battle of Waterloo in 1815. 

von Neumann, John (1903–1957): Hungarian American mathe-

matician, physicist, computer scientist, and polymath. 

von Siemens, Werner (1816–1892): German inventor and indus-

trialist who founded the eponymous company Siemens. 

Wackett, Adrian: American soil scientist. 

Wade, Michael J.: American biologist. 

Walker, Alice (1944–): American author and social activist. 

Wall, Diana H.: American ecologist. 

Wall, Larry (1954–): American programmer who developed the 

Perl programming language. 

Wallach, Lori (1965–): American trade analyst. 

Walras, Léon (1834–1910): French mathematical economist who 

pioneered macroeconomic equilibrium theory. 
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Walters, Charles, Jr. (1926–2009): American agriculturist, econ-

omist, and journalist. 

Wang Yangliang: Chinese agricultural bureaucrat. 

Wang Zhen (1290–1333): Chinese agronomist, technologist, and 

inventor who reinvented printing using movable wooden 

blocks in 1298. 

Warburg, Paul M. (1868–1932): German-born American and 

early advocate of the US Federal Reserve System. 

Warner, W. Lloyd (1898–1970): American socio-anthropologist. 

Warren, Elizabeth A. (1949–): American politician (Democrat); 

US Senator from Massachusetts (2013–). 

Warren, Rachel: English climate change scientist, interested in 

the biological effects. 

Watson, James: Australian conservation scientist. 

Watson, Kelly: American geoscientist. 

Watson, Robert (1948–): English chemist, interested in the pre-

sent atmospheric climate change and mass extinction event. 

Watt, James (1736–1819): Scottish inventor, mechanical engi-

neer, and chemist who advanced steam engine technology. 

Waugh, Darryn W.: American mathematician and climatologist, 

interested in dynamics and transport in the atmosphere and 

oceans. 

Weber, Max (1864–1920): German sociologist, political econo-

mist, jurist, and philosopher. 

Webster, Pelatiah (1726–1795): American merchant and econo-

mist. 

Wei-Jun Cai: Chinese marine chemist, interested in marine car-

bon cycling. 

Weintraub, E. Roy (1943–): American mathematician and econ-

omist. 

Welch, Jack (1935–): American business executive and chemist; 

chairman and CEO of General Electric (1981–2001). 

Wells, H.G. (1866–1946): English biologist, historian, political 

analyst, and writer. 

Westinghouse, George (1846–1914): American entrepreneur and 

engineer who invented the rotary steam engine, the railway 

air brake, and was a pioneer in the electrical power industry. 
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White, Stuart: Australian resource scientist. 

Whitehead, Alfred North (1861–1947): English mathematician 

and philosopher. 

Whorton, James (1942–): American chemist. 

Wicksell, Knut (1851–1926): Swedish economist and social re-

former. 

Wicksteed, Philip H. (1844–1927): English economist. 

Wiens, John J.: American ecologist. 

Wilcox, Chris: Australian marine and atmospheric researcher. 

William I (aka William the Conqueror, William the Bastard) 

(1028–1087): the 1st Norman King of England (1066–1087); a 

descendant of Viking raiders; the son of the unmarried Rob-

ert I, Duke of Normandy, and his mistress Herleva. 

William of Orange (aka William III of England) (1650–1702): 

Dutch-born King of England (1689–1702). 

William of Rubruck (1220–1293): Flemish Franciscan mission-

ary and explorer who traveled through the Levant, Asia Mi-

nor, and to northern China and back. 

William the Conqueror: see William I. 

Williams, David: American cytologist. 

Williams, Michael: English geographer. 

Williams, Mike: American spokesman for Nutrien, American 

agrichemical manufacturer. 

Wilson, Christo: American computer scientist. 

Wilson, Edward O. (1929–): American naturalist. 

Wilson, Woodrow (1856–1924): American politician (Democrat); 

28th US President (1913–1921). 

Wirth, Niklaus (1934–): Swiss computer scientist who developed 

the Pascal programming language. 

Wisner, Brent R.: American attorney specializing in complex lit-

igation, interested in social justice. 

Wolfers, Justin: American economist. 

Worm, Boris: Canadian marine biologist. 

Wozniak, Steve (Woz) (1950–): American electronics engineer 

and computer programmer who co-founded Apple Computer 

with Steve Jobs. 
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Wu Yang: Chinese American environmental scientist. 

Xi Jinping (1953–): supreme Chinese political leader (2013–). 

Yang, Jerry (1968–): Taiwanese-born American entrepreneur 

and co-founder of Yahoo!. 

Yanqing Xia: Chinese economist. 

Yellen, Janet (1946–): American economist; chair of the US cen-

tral bank (Federal Reserve) (2014–2018). 

Yi Li: Chinese botanist, interested in genetic modification. 

Young, Arthur (1741–1820): English writer on agriculture, eco-

nomics, and social statistics. 

Young, James (1811–1883): Scottish chemist who distilled kero-

sene from petroleum and paraffin from coal. 

Yun-ui, Choe: Korean civil minister who invented printing via 

metal movable type in 1234. 

Zaccarelli, Chris: American financial analyst. 

Zanden, Jake Vander: American limnologist and ecologist. 

Zeebe, Richard E.: American oceanographer, interested in global 

warming. 

Zeilder, Othmar (1850–1911): Austrian chemist who first syn-

thesized DDT. 

Zeller, Dirk: Australian marine conservationist. 

Zhang Heng (78–139): mathematician, scientist, engineer, in-

ventor, geographer, artist, statesman, and literary scholar. 

Zhang Jiyao: Chinese hydrologist. 

Zhang Xiaoyan: Wenzhou business advisor. 

Zhong Zhichun: Chinese worker. 

Zhou Shengxian: Chinese environmental protection minister. 

Zickfield, Kirsten: Canadian geologist, interested in the effects 

of greenhouse gases on climate. 

Zorn, Eric (1958–): American columnist. 

Zuse, Konrad (1910–1995): German civil engineer and inventor 

who created the first programmable computer. 
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