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Introduction


The field of environmental studies these days is almost synonymous with controversy. Whatever the topic—climate change, genetically modified organisms, fracking, the Green Revolution—there are many different positions, with proponents who claim that their views are supported by science, politics, and history.


The history of environmental studies goes back to the eighteenth century. Globally, a very important milestone for environmental studies was the 1972 United Nations Conference on the Human Environment held in Stockholm, Sweden. In effect, this was the first of what was to become an Earth Summit every ten years. The Conference agreed upon a declaration containing twenty-six principles concerning the environment and development, an Action Plan with 109 recommendations, and a resolution. One of the many initiatives that took place afterwards was the establishment of interdisciplinary environmental studies. The emphasis was on “interdisciplinary,” whereby students were taught how several disciplines could be combined to address environmental issues.


Graduates from those interdisciplinary environmental studies programs were initially treated with some suspicion by potential employers because they were seen as generalists rather than specialists. That perception soon changed, as did the perception of sustainability. In effect, those interdisciplinary programs helped to define the aim of environmental studies: how to achieve a sustainable and equitable use of nature (the living components) and the environment (the non-living components). Sustainability is therefore sufficiently broad and inclusive. It provides a way to identify, appreciate, and measure changes, and it makes connections between environmental issues and other global challenges.


One useful way to look at sustainability is to consider nature and environment as sources and “sinks” used by humans. The environment provides sources of food, fiber, minerals and shelter, etc. Humans also use the environment as a sink to absorb solid, liquid and gaseous wastes. Both sources and sinks have limits. For examples, excessive use of agricultural soils leads to degradation of those soils. Put too much pollution into the atmospheric sink and the environment’s ability to absorb those pollutants is exceeded. Fishing becomes unsustainable when the rate of removal of fish is faster than those fish populations can replenish themselves.


The concept of sustainability is all about human-environment relationships and the extent to which humans live within environmental limits. Unfortunately, since 1972, much of humanity has been exploiting nature and the environment in an increasingly unsustainable and inequitable manner.


The purpose of What Is Sustainability? is to set forth the issues concerning the human-environment relationship, showing the various sides of these issues, so that those entering the vast world of environmental studies can begin to understand the breadth of this field. One way to look at the environment that may make it less abstract is to look at it as a community: a home shared by all. After all, the word ecology, which today refers to the branch of biology that studies the interrelationships between organisms and the environment, comes from the Greek oikos and means “the study of homes.”


Underlying our approach is the belief that this understanding is best achieved by considering what both scientists and historians have to tell us. Science is a method (although not the only one, of course) for learning about the world. By science we mean not only the physical sciences but also the social sciences, because we recognize that environmental discussions take place in a social, economic, and political context. History is a method of learning about the past to inform the present. Humans (or our early ancestors) have been altering the environment for at least 4 million years, so we must learn from the past.


We live in a world facing serious issues, and at least a basic knowledge of them is essential to becoming a global citizen. What Is Sustainability? covers the human-environment relationship in six chapters organized into logical and manageable topics. The first two chapters focus on prehistory and history, from the earliest human ancestors through the millions of years of hunting and gathering, continuing through the rise and spread of agriculture and the creation of a connected, global environment. In Chapter 3, we move on to the industrial, urban, modern world and the merging of old and new human impacts on the environment. Chapters 4 and 5 cover the major environmental issues of our time—resource overuse, energy, agriculture, and a growing population, to name a few—as well as solutions and proposed solutions within the sustainability framework. Although this book is primarily about history, Chapter 6 ventures into the future. We end with a postscript about the current situation and changes we can all make in our lives, followed with a list of sources and suggestions for further reading for each chapter. Let’s start at the beginning.









CHAPTER 1


Humanity’s First Steps


Time present and time past


Are both perhaps present in time future,


And time future contained in time past.


—T.S. Eliot (1888–1965)


Astronomers and geologists generally concur that the Earth is between 4.5 and 4.8 billion years old. They have determined this by analyzing ancient rocks to find the rate at which uranium decays into lead, as well as by measuring the age of meteorites and moon rocks.


Some 300 to 250 million years ago, the world’s continents fused to form a single supercontinent, called Pangaea. Creatures formerly kept apart now came into contact with each other, and large numbers of them went extinct by about 220 million years ago. Reptiles inherited the Earth, spreading throughout the globe.


The geological time chart—a system for dating events in the Earth’s history based on rock stratification—contains several different types of time periods. The largest are the eons, such as the Phanerozoic, the era of large organisms, which covers the last 540 million years. The next largest are the eras, such as the Cenozoic, the era of mammals, which covers the last 66 million years. Eras, in turn, can be divided into periods, such as the Quaternary, which covers the last 2 million years. Finally, epochs subdivide periods. The last and shortest of the epochs is the Holocene, which includes the 11,500 years since the end of the last Ice Age, a period of unusual climatic stability.


A number of scholars argue that the Holocene has ended, claiming that in the last two centuries we have in fact entered a new epoch, dubbed the Anthropocene (from Greek roots meaning “human” and “new”), a turbulent period of exceptional and unpredictable change. As the name suggests, the defining feature of the Anthropocene is the transformative role played by our own species, Homo sapiens. For most modern humans living during this time, increasing human control over the biosphere—the sliver of the Earth’s crust that supports life—has meant a vast improvement in living standards, better communications, and faster transportation.


In the last fifty years, however, it has become apparent that these gains may have come at a considerable cost to the world environmental community, and that we may be provoking what many observers call the sixth great extinction spasm in the history of the Earth. Humankind has become a global geological force in its own right, but the notion that we might have become the dominant force for change in the biosphere emerged only in the last two decades of the twentieth century.


The Anthropocene is noteworthy even on the huge time scales of planetary history, because it marks the first time in the almost 4-billion-year history of life on Earth that a single species has played the leading role in shaping the biosphere. We are changing things rapidly. Never before has a single species had the power to transform the entire biosphere in just a few centuries.


A New Geological Epoch


Although the Anthropocene epoch and the changes associated with it may seem recent, they are the culmination of processes that go back to the beginnings of human history. Our technological precocity as a species already was apparent in the artistic and technological skills evident at archaeological sites such as Blombos Cave in South Africa. Here, almost 100,000 years ago, humans learned how to use shellfish, developed sophisticated color palettes, and carved intricate patterns on ocher rocks.


Global migrations showed our remarkable technological creativity. From about 60,000 years ago, small communities of humans moved to all of the world’s continents except Antarctica. Each migration required new strategies and technologies to deal with unfamiliar climates, plants, animals, and physical environments. The technological revolutions that have created the Anthropocene epoch in the last two centuries represent a sharp acceleration in processes that are as old as Homo sapiens.


The evidence that we have entered a different geological epoch is extensive and varied, including: a tenfold increase in human population since 1700, human exploitation of up to 50 percent of the Earth’s surface, increasing human control of water flows, and human control of more than 50 percent of all freshwater, and a sixteenfold increase in human energy use since 1900, which has doubled emissions of sulfur dioxide.


Scientists point out two pieces of evidence: the disruption of the nitrogen cycle, and the phenomenon known as the “human appropriation of net primary production,” or HANPP. As for the nitrogen cycle, commercial agriculture relies heavily on industrial nitrogen fixation, which puts more nitrogen compounds into the environment than would naturally occur, enabling greater agricultural productivity but causing environmental harm. These anthropogenic sources of nitrogen (industrial nitrogen fixation, the use of leguminous crops, fossil fuels, etc.) impact the nitrogen cycle. As for HANPP, agriculture and other human uses of the land alter stocks and flows of biomass in ecosystems. HANPP accounts provide information both on the scale of human activities compared to natural flows and on the aggregate intensity of land use.


Directly or indirectly, the thread that unites these and other changes is the dynamism of economies and communities based on the rapidly increasing use of fossil fuels. Earlier human societies could access only limited reserves of energy, derived from recently captured solar energy. That energy was tapped either as wind or water power (as solar energy moved the planet’s air and water masses), or in the form of foods and fuel energy from plants (solar energy captured through photosynthesis), or through the food and energy supplied by domesticated animals and slaves (which represented solar energy captured by plants and recaptured by animals and humans higher up the food chain). All these sources of energy ultimately derived from solar energy that had been captured within recent decades or centuries.


In contrast, fossil fuels—coal, oil, and natural gas—represent flows of solar energy captured and buried over several hundred million years. Scientists estimate that human energy use has increased by at least forty times since 1800, and today fossil fuels supply at least 85 percent of human energy. With the help of what seemed to be an inexhaustible supply of energy, humans found they could mobilize and control the resources of the biosphere on unimaginable scales. These unprecedented energy and resource flows helped human populations rise from 1 billion to 7 billion in two hundred years, while global production of goods and services increased at least fiftyfold.


The vast increase in human control of biospheric resources has become apparent since the middle of the twentieth century, when, after a period of slower growth and destructive global wars, growth took off faster than ever before. This was driven in part by wartime innovations, such as nuclear power and computers. The sharp acceleration after 1950 marks a second phase in the Anthropocene. The changes made possible directly or indirectly by the fossil fuels revolution explain why our species now plays such a decisive role in the biosphere, and why so many scholars date the Anthropocene epoch to the Industrial Revolution and the invention of an improved steam engine.


The scale of these changes is apparent in all key sectors of the biosphere. The burning of fossil fuels has significantly raised levels in the atmosphere of greenhouse gases such as carbon dioxide (CO2) and methane. There is growing evidence that this change is raising global temperatures, transforming climates across the world, and causing a significant rise in sea levels as oceans expand and ice sheets melt. The stability of CO2 ensures that once it is in the atmosphere, such changes will take many centuries to reverse. Less predictable, but perhaps more worrying, is the possibility that there may be dangerous tipping points beyond which climate could change very quickly indeed.


Burning fossil fuels alters the hydrosphere, which is all of the water found in the atmosphere and on and under the planet’s surface. Absorption of CO2 in the world’s oceans is temporarily slowing the rise in atmospheric CO2. The increasing acidity levels in the oceans, however, affects coral systems and the many other marine organisms that produce calcium to make their shells or skeletons. Humans are transforming the land through construction, mining, dam construction, and agriculture. Although the situation is dire indeed, our best hope for the future comes from concerted action by the human community.


Biodiversity is decreasing as rates of extinction approach levels seen only during the greatest mass extinctions of the last 600 million years. By some estimates, extinction rates are between one hundred and one thousand times the “background level” for the last few million years. The primary causes are overfishing the oceans, and human transformation of the land, the latter of which is destroying or breaking up habitats. Other human activities also contribute, such as the disposal of plastics, waste products, and other pollutants in the land and in the oceans.


Natural cycles are disrupted as the burning of fossil fuels in the last century has transformed the carbon cycle by pumping into the atmosphere carbon that was buried over several hundred million years. Meanwhile, the burning of fossil fuels and the manufacture of artificial fertilizers is converting vast amounts of nitrogen into more reactive forms, and doing so at a speed and on a scale that can no longer be managed by the natural nitrogen cycle.


One of the most spectacular measures of increasing human power within the biosphere is the evolution of nuclear weapons, which have given humans the power, in principle, to destroy much of the biosphere in just a few hours.


A recent attempt to identify when changes such as these crossed dangerous thresholds concludes that in three areas—carbon dioxide levels, flows of nitrogen, and rates of extinctions—we have already moved beyond safe “planetary boundaries.”


What It Means for Our Future


Such changes raise profound questions about the nature and future of our own species. Why are humans so creative? The best answer seems to be that human language crossed a tipping point that allowed such precise information to be exchanged that it could be stored within the collective memory and accumulate from generation to generation. That increasing stock of information is the ultimate source of humanity’s increasing control over the biosphere. We are probably the first such species in the history of our planet, because any earlier species with such powers would have left paleontological traces as clear as those we will leave to future generations.


As the Dutch climatologist Paul Crutzen has argued, the idea of the Anthropocene is a call to action because it points to dangers that need to be tackled soon if the human community is to avoid serious—and perhaps catastrophic—changes in coming decades. The problem is partly a matter of speed. Human-induced changes, both within human societies and in the biosphere as a whole, are now proceeding so fast that natural processes cannot keep up. We humans struggle to keep track of the many changes we are causing. Human activity is pushing the biosphere into uncharted territory.


The terrifying pace and scale of change in the Anthropocene suggests that we need to slow those changes having the greatest impacts on the biosphere. This would be wise not because we know where change is leading, but because we do not know where it is leading. Slowing down means reducing the scale of change, but not slowing the pace of technological change, because new technologies may play a crucial role in reducing human impact on the biosphere. Nor does slowing down mean giving up on the many gains in welfare that are the most positive side of the Anthropocene era.


To fathom the meaning of the Anthropocene era we must first to go back several million years in time to review what we know about the emergence of the era’s key actor—human beings—and how we came to inhabit the Earth.


Evolution and the Spread of Humans


Humans comprise one species, Homo sapiens, with a wide variety of body forms and physical characteristics. More than 7 billion humans inhabit the Earth, and the population will increase in the foreseeable future. Humans’ closest living relatives among the nonhuman primates, the chimpanzees and gorillas, may succumb to the continued growth of humans. Humans differ from these other primates in countless ways, including their manner of walking, their diets, their social structure, and their manifest ability to manipulate their environments.


The first humans were different from their predecessors, the australopithecines, in nearly every anatomical aspect. With statures approaching 1.8 meters, early humans were twice the height of australopithecine females, and female humans were nearly as large as males, unlike the great sexual differences of earlier hominids. Human teeth were smaller, while the brain had expanded from an australopithecine average of 500 cubic centimeters or less to more than 800.


These features reflect a different interaction with the environment than in any earlier hominid. The long limbs of these larger hominids allowed them to range farther from water and allowed them more efficient dissipation of heat. These hominids were probably the first to sweat like living humans, a valuable adaptation to daytime activity in a hot, dry climate. The adaptation to sweating means that these hominids, like humans, were largely hairless.


The division of labor in food acquisition between the sexes, which characterizes modern human-foraging groups, may have originated at this time. Hunting prey or scavenging the prey of other carnivores may have been an important part of food acquisition. Still, as with foragers in modern times, plant foods probably made up most of the diet. These social changes may have gone hand in hand with a prolonged period of child development. The brains of early humans were within the lower range of those of living people and are the first to exhibit features, such as left-right asymmetry, common to humans. The increases in technology that stone tools reflect were certainly part of a trend toward larger brains. These changes are, in fact, the first signs of the development of culture. These hominids did not use a language quite like that of humans, but language had begun to evolve, as changes in the vocal tract and brain structure show. These hominids—the first that people would recognize as human—depended on one another, as we still do today.


Colonization of the “Old World”


Almost immediately after their origin, early humans moved out of Africa and spread across large parts of Eurasia, commonly known as the “Old World” to distinguish it from the “New World” of the Americas. The earliest sites documenting this spread are in the Caucasus, the eastern Mediterranean near present-day Lebanon, Java, and China. Most of the subtropical Old World appears to have been occupied by 1 million years ago. This spread appears to be directly associated with the new human features and ways of life, because no australopithecines lived outside of Africa. Despite their widespread distribution, humans were much more limited in behavioral variation than are today’s humans. A few tool industries, with large-scale regional differences, existed between 1.8 million and 400,000 years ago. These techniques persisted over a long time, and it is clear that the rate of social and technological changes that characterizes living humans was almost nonexistent among early humans.


Despite the spread of many people, Africa remained the center of the human population. It was in Africa that the first humans evolved and in Africa that they would remain at the highest density until recent times. Large numbers of people meant that African populations contained more genetic diversity than other regions. With fewer people, populations in other parts of the Old World began to diversify.


In the view of many scientists, these regional variations proceeded so far that different species of humans began to appear. The regions of the Old World became home to populations of humans who did not interbreed with one another. Only one of these ancient species was ancestral to today’s humans, according to this view, with other species going extinct during the late Pleistocene epoch as a result of competition between them.


Many geneticists believe that modern humans’ direct ancestors numbered only a few thousand people during the past 2 million years. Today’s populations began to diverge from this ancestral population only recently, within the past 100,000 years. Africa was likely the homeland of such an ancestral population—this is known as the “Out of Africa” theory.


From their initial spread out of Africa, humans across the world began to change. The most notable change was the increase in brain size: from a beginning size of around 800 milliliters to the worldwide average of around 1,350 milliliters today. The changes in brain size triggered many related changes in the skull.


Around 200,000 years ago, technologies began to change as regional variations in tool use became important for the first time. People in different areas of Africa experimented with diverse tools, many of which were later discarded. Across Europe and Western Asia, new stone tools appeared, created by what is called the Levallois technique, named for a suburb of Paris. This complex technique, which results in a well-formed tool created after a series of steps that seem to have nothing to do with the tool’s form, is thought by some to be a sign of a modern intelligence (the structured sequence resembles mental activities like language).


Latest Human Evolution


The Middle Paleolithic period began a reordering of the relationship between humans and their environments, one that extended into the succeeding Upper Paleolithic period and up to the present day. The remains of hunted animals show that humans began to exploit a broader range of animal resources. Earlier humans hunted medium-size herbivores, such as sheep, deer, or gazelles, then during the late Pleistocene epoch they added more risky prey, such as Cape buffalo and mammoths. They took easily caught, slow-growing animals, such as land tortoises and some shellfish, in large quantities.


There is evidence that humans in Australia (where migrants first arrived earlier than 60,000 years ago) burned grasslands as early as 50,000 years ago, to attract animals to new growth. Across the Old World and later the New World, the Pleistocene megafauna—from the rhino-sized marsupials of Australia to the mammoths of Europe—began to disappear. Human population increases and consequent stress on other natural populations likely caused these shifts.


At the same time, humans increased their technological abilities to allow the exploitation of other resources. String had been invented in Europe by around 25,000 years ago (judging by the lines left in pottery shards), and humans began to make nets and snares for fish and small animals. This change, which spread the ability to acquire animal protein, appears to have accompanied an increasingly settled lifestyle of human populations as population pressures began to prohibit the free movement of peoples and to encourage the year-round exploitation of seasonal resources (as indicated by the increasing use of food storage pits).


Larger populations may have caused increases in cultural differentiation, with social networks extending beyond the numbers of people that any individual might know well. Cultural ornaments and artwork, which may have communicated status or other social information, became much more common during Upper Paleolithic times. The artworks gracing caves such as Lascaux in France, as well as Australian rock faces that are even older, use persistent symbols, reflecting a concern with communicating with people who are distant in place or in time. These symbols, along with the elaborate human burials that characterized Middle as well as Upper Paleolithic peoples, are among the earliest signs of a human concern with the nonmaterial.


Human evolution continues to occur. As humans alter their environments, they are placed in novel ecological circumstances that have reproductive and evolutionary consequences. Humans did not originate in social groups of thousands of people. The large size of the current human population implies that some evolutionary changes, such as the natural selection that adapts humans to their environment, will occur only slowly in the future.


Furthermore, human cultural practices, including medicine, environmental alteration, and economic systems, often reduce the genetic relationship between human behavior or physical form and their reproduction. Other effects of the new human population structure may be accelerating, however. Today people move between populations around the world with increasing ease, and as a result human genes are mixing at an increasing rate. Humans have mixed the world’s biogeography—that is, the past and present distribution of the many species found on our planet. Large demographic differences between societies exist, with the population growth rate different between regions. The human population of the future will have a genetic makeup different from those people alive today. Whatever the genetic makeup of humans beings, it is clear that the number of human beings on Earth, where they live, and how they interact with their environments influence the environment in numerous ways, a subject we address in the next chapter.
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