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Preface

I suspect few people regret the passing of the twentieth century. It is impossible to forget the troubled events from 1914 to 1945: international turmoil, two great wars, a worldwide depression, the rise of two totalitarian ideologies and regimes, the cruelty of the Holocaust, and total warfare encompassing civilian populations. Just as remarkable, and possibly even more momentous in long-term consequences, was the unprecedented, and almost incomprehensible, growth of human populations and human consumption during that century.

After growing from 1.7 billion to 3 billion from 1900 to 1960, the world population doubled, from 3 billion to just over 6 billion, from 1960 to 2000. The United Nations Population Division estimated a population of almost 6.5 billion in 2005. By most estimates, the world's population will be around 9 billion by 2050. Of the necessary conditions for this population explosion, two are all but obvious. One was the development and worldwide dissemination of new knowledge and new technologies in the prevention and cure of diseases. This increased life expectancy in all parts of the world, but with the most dramatic consequences in much of Africa and Asia. The other necessary condition was the dramatic increase of human economic productivity, with the most critical improvement in agriculture. This resulted from a continued but accelerated use of new knowledge and more efficient tools. The energy for this productivity explosion came largely from the controlled burning of organic materials.

The economic growth exceeded that of population. Estimates here are not exact, but in rough terms the world domestic product and energy use rose by at least twelve times in the twentieth century. Most of this increase was in the twenty-five wealthiest countries, but some growth occurred in all areas of the world. Humans used more fossil fuels in this one century than in all past history. This accompanied a near tenfold increase in water use. As with population, most of this growth came after World War II, in what turned out to be an almost frenzied period of growth in all areas.

This growth in both population and consumption, with all its rewards, has led to a twofold problem that can only worsen as the new century progresses. One is regional scarcities of essential resources—soil, water, and energy—or scarcities already suffered in much of the underdeveloped areas of the earth. The other is the burden placed on the earth and on other species by what humans have done—by polluting air, water, and soil, by stealing essential living space away from other species, and by contributing to such major changes in our atmosphere and in the oceans as to threaten major climate change. Compounding these problems is a huge ethical dilemma. The gap in incomes between the top one-fourth of humanity and the lower three-fourths is wide. By almost any calculation, the earth does not have the basic resources needed to raise the poorer people of the world to living standards even close to that of the top twenty-five countries. And if, by some miracle, everyone in the world could consume what Americans do, the earth could not long absorb the pollution and growing burden of waste products.

It is difficult to imagine a rate of growth in either population or consumption in the twenty-first century that comes even close to that in the twentieth. What if the earth's population did quadruple, and thus move up to 24 billion? What if resource use and consumption increased by twelve times? Neither will happen, for the earth could not begin to sustain either increase. Thus, the great challenge: either stabilize populations and limit consumption, or find new ways of coping with both types of growth. Population growth is not a problem for affluent countries, but their present pace of growth in production and consumption, if continued, will soon lead to major resource scarcities and problems of pollution. Even if rapid consumptive growth continues yet awhile in wealthy countries, such growth will require a further draw down of resources, such as oil, from the poorer areas of the world. This will invite continued political tensions, and make more difficult any narrowing of the present gap between living standards in rich and poor countries.

At present, knowing what we now know with some degree of assurance, it is almost impossible to be sanguine about the state of the earth, and thus the overall human prospect, by the end of this century. In so many areas one can cite the problems but not identify any clear or politically feasible solutions. It is easy to suggest that the people in the underdeveloped world should curtail population growth. Birthrates are now declining in most counties, but not rapidly enough to stabilize the world's population before 2050, and by most forecasts not before 2100. It is easy to suggest that people in wealthy countries, where populations are often stable or in decline, should change patterns of consumption or even lower their level of material consumption. But to persuade them to do so would require radical changes in the very structure of their societies.

These problems, these challenges, are what I have tried to address in this book. I worry about them all the time. I know most other people share these concerns. In this book, it is my purpose to help them better understand the challenges that lie ahead. I hope I have offered such an understanding of the earth and of life on earth as to enable laypeople to understand the planet's vulnerability to human activities. I have tried to survey the road that led to the major environmental issues that humans face today. I want to help people understand why we need to attend to these problems, but also to understand the risks and costs of such efforts.

This is no easy task. The issues are complex, and involve the insights developed by almost every academic discipline. I need to be clear, but not at the expense of being over-simplistic. The literature on environmental issues is now monumental, and growing exponentially every year. No one can read it all. No one can have the technical knowledge to understand it all. My task has been to try to gain an understanding of the issues, and to communicate that understanding in a way that will inform a broader audience than is addressed by most experts, and without the political agenda that accompanies most books and articles by committed but often deeply divided environmentalists.

I write as an old man. I will not be around much longer. The challenges I cite will largely affect my grandchildren and great grandchildren. They will almost certainly have to cope with a much warmer earth. They will have to find solutions to such other global problems as ocean pollution, much higher costs for fossil fuels, and regional scarcities of food and water. But what will be most revolutionary, and completely unprecedented in the last two thousand years, they will have to adjust to a world in which the present pattern of rapid growth—in population, in production and consumption—will no longer be possible. In the twentieth century, the ability of humans to shape the world around them grew at an unprecedented rate. Technological advances surpassed in one century all that had come before. But the cost has been very high, for the growth has not been sustainable because of the draw down of finite resources. In so many areas, the growth, and the material abundance it has yielded, has created environmental debts that humans will have to pay during this century if they are to make it safely and securely to 2100. This may be the greatest challenge they have ever faced.
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PART ONE

The Setting and
the Challenge

Humans live on a wondrous planet. No other may be like it. No other may support self-conscious forms of life. The earth is in no early danger of losing its life-supporting assets. At least, we are aware of no such danger, in spite of remote concerns about a colliding asteroid. But we do live in a period of rapid extinctions, and could in the near future face rapid changes in climate. To a greater extent than ever before, one species of life—Homo sapiens—already plays a major role in effecting changes in the earth's life-support system. In this sense, humans are not only the only species that can know about the past history of the earth, or understand the complexity of its biosphere in the present, but also are the only species able to take responsibility for its future health. In chapter 1, I offer readers a short, summative account of how the earth came to support not only primitive forms of life, but very complex forms.

In chapter 2, in very broad terms I assess the present challenges to a life-sustaining earth, and particularly an earth that can allow humans, everywhere, to live an abundant life. We already can anticipate the great squeeze. An unprecedented surge in population, and an even faster growth in human consumption, will soon increase what is already a reality for over half the earth's population—scarcities in such vital resources as productive soils, water, and energy, and so much pollution of air, water, and land as to threaten the survival of thousands of species. But the challenges vary immensely, from those faced by wealthy, high-energy, high-consumption societies to those suffered by the three-fourths of humans that live in relatively poor to very poor countries. This means that equity issues haunt all discussions of environmental problems.





1

Our Green Planet

The earth supports life. From all that we now know, it is the only such planet in our solar system, although it is possible that, in the past, one or more of the other eight planets, or their satellites, sustained life. It is even conceivable that life migrated to the earth from neighboring planets, with Mars the most likely candidate. It is also conceivable that living organisms reached the earth from comets or asteroids. At least a rich mixture of organic chemicals so reached the earth, and still do. In any case, the background to all environmental challenges of today is the living earth.

THE ORIGIN AND EVOLUTION OF LIFE ON EARTH

It is difficult to stipulate a definition of life that satisfies everyone, or that is useful in all contexts. But living organisms, even if with a very different, even unimaginable, chemical makeup than those on earth, may well exist on planets that circle other stars, in our own galaxy or in other galaxies. We now know, through indirect but compelling evidence, that planets circle up to 5 percent of the stars in our Milky Way galaxy, which is only one of around 100 billion galaxies. Since the likely number of stars in our universe numbers in the quadrillions, and since many stars have characteristics close to that of our sun, it would seem highly likely that other planets, perhaps millions or even billions of other planets, support life. But as yet we have no evidence of such life, and short of extraterrestrial intelligent life (organisms with a symbolic language that would allow interstellar communication), we will not soon, if ever, have any way to know about life beyond our solar system. Even in our galaxy, such communication will not be easy. The closest star to the sun is four light years away. In a reasonable limit for present electronic communication (one thousand light years), we have about 10 million stars, many comparable to our sun. Even at one thousand light years, any electronic communication might well be from intelligent beings already extinct.

The primitive earth not only provided a suitable home for early life, but it would, from that point on, be profoundly shaped by life. It is almost impossible, today, to speak about any aspect of the earth's history without implicating life, which above all created the present level of atmospheric oxygen. Even the hot gases in an erupting volcano contain carbon that once was part of living organisms. Thousands of chemical reactions involve organic molecules, including those that contribute to the weathering of rocks and the creation of soils. With the early development of photosynthesis, life began a slow process of cooling the earth's early hot temperature. It did this by absorbing carbon dioxide, in most cases temporarily in biomass, more permanently in carbon-rich deposits on the ocean floor. In these ways, and more, life itself slowly prepared a more and more hospitable environment for much more complex forms of life, all the way to mammals. Our green planet is the result. The present Mars is a likely model of an earth without life. In no literal sense is the inanimate part of the earth a living organism, but the earth as a whole is so full of life, so inseparably tied to life, that one may be inclined to so characterize it, as does James Lovelock in his highly speculative Gaia hypothesis (see chapter 10).

The influence of life on the earth had to be minimal in the first billion years after its still inexplicable beginnings. A detailed history of life on earth is beyond our knowledge, at least at present. One likely candidate for its place of origin are the deep sea vents along mid-ocean ridges. It is clear that for two billion years the only life on earth consisted of microscopic organisms, with cell-like structures that contained no nucleus (such organisms are called prokaryotes) and thus no concentrated DNA. Most were bacteria, but some in what seem almost impossible environments (super hot vents, very salty water, or very acidic water) are today classified as a separate order, the archaea. Only about 1.5 billion years ago did the first eukaryotes (organisms such as the amoeba with cellular nuclei) evolve. These were the distant progenitors of all plants and animals.

We cannot know whether early life had single or multiple origins. We do now understand how it evolved through time. Charles Darwin grasped the rather simple principle, while later geneticists have revealed the dynamics of organic change. What is essential to any definition of life is reproduction. Living organisms contain no distinctive elements. What constitutes them are certain chemicals, with carbon and hydrogen most important, organized in a pattern, an identity that continues from one generation to another. Early, prokaryotic reproduction involved a type of cloning. One organism, guided by the dispersed DNA, split into two, and so on indefinitely. Each succeeding organism copied its parent. But not always perfectly. Then as now, the old and new strands of DNA did not always match at every point. Copying errors led to small changes, or mutations. This opened the door to variation and, in times of rapid environmental change, to a sometimes rapid shift in certain traits. At times, copying mistakes made it less likely that an individual would survive. In rare cases, mutations meant that an organism had better chances of surviving or reproducing, or in a time of rapid environmental shifts, the only chance of surviving. With sexual reproduction, the recombination of strands of DNA in meiosis (the production of sperm and eggs) increased exponentially the possibility of variations from one generation to the next, but only mutations allowed completely new patterns.

SUN AND EARTH

Despite the seeming possibilities, or the statistical probabilities, of life elsewhere, one has to note not only the many circumstances on earth that made life possible, but even more those that made more complex forms of life possible, including mammals. So much had to be just right, and as one locates each fortunate circumstance the odds against another planet with even close to the same life-supporting traits grows exponentially.

Organisms on earth are fortunate to be near the right star. Our sun is a young to middle-aged star, still radioactive but reasonably stable. It is, in brief, a huge fusion reactor, born out of the remnants of earlier stars just over 4.5 billion years ago. It provides almost all the energy for life on earth (the small exception is the heat from beneath the earth's crust). As a late developing star in the larger universe, which we now believe began in the big bang over 13 billion years ago, it gained many heavy elements from the fusion that took place during the dramatic deaths of earlier stars (supernovas), thus implicating earlier generations of stars and galaxies in its life-supporting role. Because of the surface temperature of the sun, most of the energy that makes it to the earth is in the near middle spectrum of electromagnetic waves, with a preponderance in the narrow spectrum of visible light (visible that is to a human eye). Were the sun much hotter, it would radiate largely shorter waves, those dangerous to life (it does radiate some such energy, but not enough to overwhelm the protective barriers to shortwave radiation in our atmosphere). If the sun were an aged star, it would not be hot enough to support life on earth. By most calculations, the sun today is 25–30 percent hotter than when the earth formed, and will be hotter still in the future. Our fusion reactor has not yet started to wind down.

The earth is a very special planet. Its age may not be critical for life-support (it is around 4.5 to 4.6 billion years old), but the fact that it is a radioactive planet is necessary for the type of life that now inhabits the earth. Notably, neither of the two nearby planets—Venus and Mars—have such a radioactive core, although Mars probably had such a core, and the magnetic fields it creates, early in its history. Radioactive decay helps heat the interior of the earth. Also, the highly compressed, very hot, ferrous inner core of the earth generates both heat and electrical activity in the fluid, largely ferrous outer core, and this electrical energy and heat, joined with that produced by radiation, is transferred to the largely silicate mantle, which reaches up to the earth's crust. In a sense, the fluid outer core acts as an electrical generator, or what some call the geomagnetic dynamo. The generator effect may be increased by what seems a slower revolution of the inner core and lower outer core than for the rest of the earth. In any case, the dynamics of the outer core creates electrical currents that pervade the mantle and reach the earth's surface. These electrical currents produce the main magnetic field around the earth.

The chemical composition of the earth is critical for life-support. In the universe as a whole, the two most plentiful elements are hydrogen and helium. Not so on earth. Formed from the debris of a coalescing sun, the earth has a high proportion of heavy elements, beginning with the most prevalent, iron. It contains more than its share of elements critical to life, beginning with carbon. It is also rich in nitrogen and oxygen. Much of the early earth's hydrogen and helium probably escaped the planet's atmosphere, with the most plentiful surviving hydrogen locked up in water (at present, the only element to escape from our atmosphere is hydrogen, but this loss may be balanced by the hydrogen in the water present in incoming meteors).

The earth has at least its share of other life-supporting elements, such as sulphur, phosphorus, potassium, and calcium. But it would be the hydrogen and carbon, and a critical medium, water, that made the type of life we know on earth possible, whether it originated on earth or not. Water is a wonderful medium, lighter when frozen than as a liquid, thus floating on the oceans. If ice were heavier, most of the oceans would have gradually frozen over, and the earth would have been too cold for life, not just because of all that ice, but because the icy surface would have reflected so much solar energy back into space.

The varied relationships between the sun and earth are critical to life. Life does not depend on any set distance between a star and a planet. Distance is a covariable along with orbit, axial orientation, speed of revolution, and above all with atmosphere. But given the earth's atmosphere, the sun is the perfect distance from the earth, allowing a mean earth temperature consistent with a preponderance of liquid water. Even the placement of other planets around the sun, and particularly the large gaseous planets far out from the earth, helped make life possible on earth, for they, particularly Jupiter, have enough gravity to pull most asteroids and comets away from paths that would otherwise allow them to bombard the earth with life-extinguishing force.

The orbit is critical. The earth has only a slightly elliptical orbit, which gradually changes in its eccentricity over a cycle of ninety-five thousand years, which means the sun's distance from the earth varies only slightly from year to year (only 3 million miles around the average of 93 million). The slight shifts in the amount of the sun's energy received by the earth may trigger major climate changes, but in itself this eccentricity does not change surface temperatures even by 1 °C.

The rapid revolution of the earth on its axis (or the length of the day) is also a critical variable. A much slower revolution, given the existing distance and exiting atmosphere, would at least considerably reduce the inhabitable portion of the earth, for a slower revolution would lead to much colder nights and hotter days. Such a change is inevitable in the distant future, for the earth's spin has gradually slowed from the time of its origin. The faster revolution that prevailed in the distant past minimized the temperature change from night to day, and with this the differential between day and night temperatures on the earth's surface, which meant lower wind speeds and less severe storms.

The earth has a life-enhancing, and only slightly varying, axial inclination (from 21.8° to 24.4°, but now approximately 23.5°). This is the degree to which the axis departs from perpendicular to the flow of energy from the sun. We now believe an early collision between the young earth and a smaller planet not only created this inclination, but also resulted in an exploding mass that coalesced as our moon. The inclination causes the seasons and allows a larger proportion of the earth's surface to be conducive to life. Were the inclination greater, the seasons would be more extreme as the sun would annually move to higher latitudes. With less inclination, the tropics would be much hotter, the high latitudes much colder.1

PLATE TECTONICS

The earth has a clearly demarcated crust. It rests on top of the mantle. The crust includes a relatively thin layer of rock underneath oceans, and a deeper layer of lighter rock in land areas. Sections of this crust, which we call plates, move about on the surface of the mantle at a glacial pace, but over millions of years such movement has led to major changes in the location of both continents and oceans. In areas where moving plates converge, the enormous force pushes the surface of the crust upward (folds it) into mountains or more gently elevates large expanses of land (warps it). Converging ocean plates, being heavier, push beneath continental plates. Part of the subducted crust of oceans is thus gradually absorbed back into the molten mantle. But the convergence creates cracks or fault lines in both the ocean and continental crusts, allowing magma to push upward in a process called vulcanism, which helps create new land. In comparatively rare cases, continental plates crunch into each other, creating the most dramatic folding and thus the highest mountains. Today, this is occurring only where the Asian subcontinent (or the Indo-Australian plate) pushes against the Eurasian plate, as dramatically illustrated by the still-rising Himalayan chain. The Indian subcontinent is moving north at the comparatively rapid rate of six and a half feet each century. At other places, large plates separate, creating rift valleys and lakes or new inland extensions of oceans and seas. Along oceans, land continually erodes into the sea, but at approximately the same rate as new land forms from the deposits of rivers (deltas) and from vulcanism. Thus the surface of the earth reveals a complex, dynamic equilibrium of competing forces.

Today, the starting point for understanding the crust of the earth is what we call plate tectonics. This was not true even sixty years ago. Until the twentieth century, if anything seemed certain to geologists it was the stability of continents. Yet, historians have discovered a surprising number of geographers and geologists who noted the jigsaw-like puzzle fit of the eastern hump of Brazil with the large indentation in the western coast of Africa. A few even speculated that the past convergence of the two continents explained the peopling of the Americas. But no one had a provable explanation of how the two continents separated, and when and how quickly. Until the nineteenth century, given the widespread belief in the foreshortened chronology supported by the Christian Bible, it had to be a very rapid shift, perhaps even instantaneous and miraculous, or a god's way of dispersing humans across the whole earth. In 1912, a German geologist, Alfred Wegener, argued that the present continents had drifted apart in the past (continental drift), from the breakup of a huge super continent, which he called Pangaea. He gained almost no support for this theory, and faced ridicule as late as his death in 1930. One problem he faced was how to account for such continental movement. What could push whole continents about?

After World War II new information about the ocean floor finally vindicated Wegener. The discovery of the mid-Atlantic ridge, and the dating of rock near it, revealed that nearby rock was of very recent origin, and the age of more distant rock proportionate to the distance from this ridge. The crust in the mid-Atlantic was slowly separating. Later observations of such mid-ocean ridges revealed frequent vents (small extrusions of heated gases) along the separating ridges, and the gradual filling in of new crust. The lay of crystals in magma helped date their origin, since we now can date past reversals in the magnetic field that orients such crystals as they cool. This proved that many continents were now thousands of miles from where they had been in the past. Such paleomagnetism allowed geologists to map past continental movements. Even here Wegener had been prescient, for as recently as about 200 million years ago most (but not all) of the landmass of the earth clustered together, and this at the beginning of the separation that slowly created the Atlantic Ocean.

The movement of continents meant that the earth's crust is not of a piece, but cut up into many large plates and some smaller ones. The major plates are as large as continents or oceans. At the juncture of plates are major cracks or fault lines, with many minor fault lines in the interior of plates. The plates seem to be in continuous motion, although not at the same speed. These discoveries revolutionized geology. So much that had been puzzling was now clear, including the location of areas of intense vulcanism (on or near plate boundaries), the dynamics of earthquakes (along plate boundaries or major faults), and the source of the energy that led to major crustal folding and thus mountain ranges.

Why do the plates move? The only persuasive theory is that they are pushed by convection currents in the mantle. That is, uneven heating, caused by movement and friction near the core, or by localized radioactivity in the mantle, lead to up-swelling currents in the semi-fluid mantle, much as water boils in a pot. These currents, in areas of the most intense boiling, push the surface plates in patterns that have obviously shifted through time. It is likely that convection patterns, in the future, will bring the continents back together. Over the last billion years, several such major shifts are now identifiable.

The convective currents that redistribute continents also nourish earthquakes and vulcanism. Magma pushes up near the surface, or breaks through completely in volcanoes. This thermal activity creates new land at a pace that matches the loss of land by erosion or by the plunging downward of plates (subduction) at points of convergence. More important, if the earth were a radioactively dead planet, without an internal source of electricity, uneven heating, and convective currents, it would have a different atmosphere and very different magnetic fields. Without vulcanism, the continents would eventually dissolve in the oceans, leaving no land. In a sense, one secret of life on earth is both the heat within and the sun's heat without, and how they mesh in the earth's crust.2

OUR MAGNETIC SCREENS

Even more critical for life than what happens inside the earth is what surrounds the surface of the planet—its magnetic fields and its atmosphere. Moving electrical charges (moving relative to a stationary observer) create magnetic fields. The earth is surrounded by a very complex array of magnetic fields, and these in turn have a vital relationship to life on earth. It is impossible, in a short space, and without a background of very technical knowledge, to describe the causes, the lay, and the effects of magnetic fields. In fact, much of this knowledge is very recent in origin, and much is still very speculative. It is now generally accepted that the earth's main magnetic field, the one dominant at the surface and in the lower atmosphere, is almost entirely produced by electrical currents (most concentrated around the equator) generated by the geomagnetic dynamo referred to above. Above the main magnetic field, and in the most minuscule remnants of our atmosphere (in the ionosphere or thermosphere, from sixty to six hundred miles above the earth) there are other sources of electricity and at least three other magnetic fields, none of which has the rather stable, dipolar (meaning two poles of opposite charge) lay of the main field. These ionospheric fields deflect, or trap, most of the deadly shortwave radiation that enters the earth's atmosphere. Without their screening effect, most types of life that we have on earth would be impossible, including all surface life.

The dipolar orientation of the main magnetic field raises critical issues that may relate to human welfare and survival. This magnetic field is similar, in its lay, to that of a bar magnet near the earth's axis, with a positive charge on one end, and a negative on the other. In the short term, this magnetic field is fairly stable, but year by year the magnetic axis, which is today about 11° of inclination away from the geographical axis, moves about. Practically, this means that the two magnetic poles move, requiring annual adjustments in compasses. The effects of such movement on life are not clear, if there are any at all.

This is not true for what has happened many times in the past—a reversal of poles. At present, and for the last 775,000 years, the positive pole has been at the south. It may soon reverse. Such reversals occur at irregular intervals, with most past reversals occurring at an average of about every 200,000 years. Thus, a reversal is now overdue. No one can yet fully explain such reversals, but only speculate that something about the core, or its geomagnetic dynamo, may be responsible. The past changes are revealed in the residual magnetism in rocks, and in the orientation of crystals in basalt and other forms of lava. It is such crystals that provided the clinching proof of continental drift, for we can date the movement of continents by such crystalline orientation, given our knowledge, from other sources, of past shifts in the magnetic field. A reversal could have a major impact on life, although we have no proof of such during past reversals (all before the emergence of Homo sapiens). It seems that a reversal takes place during a period of up to five thousand years. The force of the main, dipolar magnetic field first weakens, with various anomalies and at times multiple poles to replace the normal dipolar orientation (a compass would go crazy). After a period with little or no magnetism, the magnet reforms with an opposite orientation. Presently, the field is weakening, suggesting that we are in the early stages of what will, possibly within a few hundred or thousand years, be another reversal. This is a matter of some concern. In the period when the dipolar field is weakest or not present, more shortwave particles will reach the earth's surface, for the main magnetic field is a final screen for such particles. This does not mean that all life would be endangered, for the ionosphere will still trap most such particles. But it would mean increased radiation, with a likelihood of more cancer, possibly major genetic effects, and the likely extinction of some species. In other words, it may pose a problem for humans comparable to present ozone depletion, a thinning which, because of chemical reactions in the stratosphere, it will enhance. The reversal is a problem beyond human control. At present, no one has identified any correlation between such reversals and other phenomenon, such as rapid climate change.

It is easier to seek such climate correlates in periodic disturbances or storms that impact ionospheric magnetic fields. In truth, the ionosphere is never completely stable, only more stable at some periods than others. Floods of solar particles (the solar wind) are continuously interacting with upper atmospheric particles, creating ionized and deadly forms of radiation. The first interaction of the earth's magnetic fields with these incoming particles occurs well outside of what most consider the upper reaches of the earth's atmosphere, or even conventional definitions of the ionosphere. Some now refer to this zone as a magnetosphere. Here, as if trapped between magnetic fields, charged particles accumulate, with greatest concentration over the equator, and thinning toward each pole (in a sense, they bounce back and forth between the stronger magnetic fields over each pole). First identified with satellites, these are now called the Van Allen radiation belt. This zone of trapped and intensely radioactive particles is not sharply limited, either in space or altitude, but does display two zones of highest concentration. They are roughly between ten thousand and twenty-three thousand miles, with the most intense concentration toward the lower height, and the next most intense toward the top. This makes up what could be called two doughnuts, each very dangerous to any space explorers. The lower belt may be unique in capturing cosmic rays, the shortest and most deadly form of radiation, and in this case radiation mostly from the larger universe, not the sun. The magnetic field converts such radiation into electrons and protons, and traps most of the heavier protons. The outer belt contains particles that originate from the sun or the earth's atmosphere, most being ionized forms of helium. These belts, however dangerous to humans who enter them, form what is probably the first, and maybe the most important, screen that protects the earth from harmful radiation, although the role of the Van Allen belts joins with the screening that takes place among other magnetic fields in the ionosphere and the screening out of ultraviolet waves by ozone in the stratosphere (see chapter 5 for a full discussion of the role of ozone).

Magnetic storms result largely from the solar wind. This is not a type of electromagnetic radiation, but particles (largely protons) emitted from the sun at great speeds (but far less than the speed of light). These particles collide with the earth's magnetic fields, creating shock waves. The source of the most intense bombardment of particles are solar flares, or very hot spots that develop on the sun's surface. At the point of a flare, the surface heat of the sun soars from 11,000° to 3.6 million°F. Visual sunspots result from localized cooling on the sun's surface caused by the clouds of gas and the magnetic storms that accompany flares. Other bursts of the solar wind result from thin areas of the sun's surface (solar holes). It is the more intense bursts of solar wind that not only shift and distort global magnetic fields, but spur more localized and often very intense disturbances (substorms). It is the latter that humans are most aware of, in the aurora (northern and southern lights), in increased radiation at the earth's surface, in radio interference, even in distortions of electrical transmission. Fortunately, the most intense solar activity is periodic and somewhat predictable. What is not known is whether the roughly eleven-year cycles were similar in the past. These magnetic storms may, because of the increased radiation, pose a danger to human health, but the extent of the danger is not clear. At present, some speculate that global warming might, in part, be caused by increased solar radiation tied to solar flares. Any increase in the frequency or the intensity of such storms would, quite clearly, increase temperatures on the earth's surface.3

THE EARTH'S ATMOSPHERE

The earth's atmosphere is critical to life. By atmosphere, I mean the gases that exist above the earth's surface, and the fluids (water droplets in fog and clouds, and various other droplets, with sulfates most prominent) and solids (ice crystals, soot, pollen, spores) suspended in these gases. It is impossible to set any limits to the outer reaches of the atmosphere. Hydrogen atoms are present not only beyond the magnetic belts, but also in interplanetary space. Above about sixty miles, or the top of the mesosphere (thirty-five to sixty miles), is the ionosphere. Here the gases are in the form of individual atoms, and so thin as to have almost no effect on spaceships. Yet, the outer parts of our atmosphere, as indicated above, are critical to life. Even more so is the atmosphere closest to the earth's surface, or the troposphere (the air up to an average of about ten miles, and marked by a gradual cooling of temperatures with altitude) and the stratosphere (a layer of thinning air, from about ten to thirty-five miles, where temperatures increase with altitude, largely because of the absorption of ultraviolet light by ozone). All weather phenomena occur in the troposphere.

The early earth had an atmosphere that, at least, allowed life to develop. But in most ways it was not very congenial to life. It was very different than today. It was largely made up of carbon dioxide, methane, hydrogen sulfide, and ammonia. It was probably less dense or heavy than today. It included almost no oxygen. Without oxygen, there could not be any ozone, a molecular form of oxygen. Thus, at the beginning of life, few if any forms of life could withstand the ultraviolet bombardment at the surface of oceans or land. But nonetheless this early atmosphere was essential to life, because of its effect on climate. It helped keep the earth warm, or almost too warm. The carbon dioxide and methane, joined with water vapor, intercepted and absorbed and reflected back longwave radiation from the earth's surface, thus warming the nearby atmosphere and the earth's surface. Without this greenhouse effect, most solar energy would have returned to space, and the earth would have steadily cooled until all water froze (think of Mars). But it screened almost too well, with the earth much too hot (possibly near the boiling point of water) for most forms of life as we know it today. If this early level of greenhouse gases had not diminished, the gradual increase in solar radiation might have eventually evaporated all the oceans, and life, even if already present, might not have survived (think of Venus).

Nitrogen is the main component of the present atmosphere, but probably not so at the beginning, when carbon dioxide was most likely the most plentiful gas. Nitrogen now makes up over 78 percent of the stable and uniform gases (this calculation does not include nongaseous suspended components or such variable gases as water vapor and carbon dioxide). Nitrogen is a very stable gas, and within the range of normal surface temperatures on earth an inert gas (it does not chemically interact with other elements or compounds). But it does largely account for the weight of the air, and thus air pressure. Nitrogen gas does react chemically at high temperatures, forming various compounds. Thus, lightning in storms converts nitrogen into nitrates, which mix with falling rain and help enrich the soil. Certain organisms also interact with nitrogen, in some cases releasing nitrogen from compounds (the probable source of most atmospheric nitrogen), in other cases converting nitrogen into nitrates (as do the nodules of nitrogen-fixing bacteria on legumes). Through artificial means, humans use heat to convert atmospheric nitrogen into nitrates used in explosives and fertilizers.

Argon, the third major ingredient of air (just less than 1 percent), is also inert. Not so the second largest component, oxygen (almost 21 percent). It readily forms chemical bonds with many elements and compounds, is a necessary support for combustion, and is also a necessary component of life (but not always as atmospheric oxygen). At least a hundred minor gases account for less than 0.01 percent of stable gases. Some of these are important, for they are greenhouse gases (see chapter 8).

The two most concentrated, and important, variable gases are water vapor and carbon dioxide. In various ways, they are critical to life on earth. Water vapor is necessary for condensation and precipitation, and thus a part of the vital hydrologic cycle. It remains in the atmosphere for only a few days, is highly variable in concentration (as anyone who suffers high humidity is aware), and can make up as much as 4 percent of the atmosphere in hot and humid climates (warm air can hold more water vapor). Carbon dioxide is necessary for plant metabolism, and, next to water vapor, is the most important greenhouse gas, although in too high concentrations it is deadly for animals (by displacing oxygen). It varies in concentration over time, but today is exceptionally high, at least in comparison to the last 120,000 years, making up over one-third of 1 percent of the atmosphere. Suspended aerosols and particles are also critical, for some of these provide the needed nucleus for raindrops. Many dust particles have a human origin, as do a large proportion of the sulfates that contribute to acid rain.

Oxygen now seems a stable component of the atmosphere. But free oxygen is decreasing, although in comparison to its volume in minute amounts each year. The cause is the increased burning of fossil fuels (the oxygen used in combustion combines with carbon to create carbon dioxide). When the earth first formed, over 4.5 billion years ago, solar debris fused together through gravity, and perhaps only fortuitously settled into a stable orbit around the sun (a balancing of gravity and centrifugal force). Other planets were also forming, the solar environment was turbulent, and meteorites and comets continuously bombarded the new planets. Life, as we know it, could not have existed in the first 600 million years, but fortunately for what came later, the maturing earth very early, after its gigantic collision with a smaller planet, gained a solid crust and increasing amounts of water (vulcanism freed water from deep within the earth, while meteors and comets brought water from outer space). Early life had to originate underground or deep in oceans. Only life itself would eventually produce the present level of oxygen, and with it the stratospheric ozone needed to make the surface of the earth habitable.

Life on earth began comparatively early, almost as soon as the deadly meteorite bombardment slackened, or possibly as early as 3.9 billion years ago. We have no actual fossils of microscopic life going back this far, but early rock formations contain organic chemicals that have all the distinctive characteristics of a living source. Most early life found its home in water, primarily the oceans, and would remain water-bound until comparatively recently, or to about 500 million years ago. Only then was enough oxygen present to support animal life and to provide ozone protection. By 2.7 billion years ago, or possibly much earlier, ocean organisms had begun to use light (photosynthesis) to separate the hydrogen and oxygen in water. A product of this process was free oxygen, which bubbled up from the oceans. By 2 billion years ago, the atmosphere contained increasing amounts of oxygen, although not enough to sustain combustion. Soon, some still-microscopic ocean organisms became dependent on free oxygen. They were the prototype of later animals. By 1.5 billion years ago, organisms with cell nuclei (eukaryotes), containing concentrated strands of DNA, had developed, and soon thereafter began sexual reproduction. But only in the immediate pre-Cambrian era (around 700 million years ago) did multicelled organisms evolve (worms, sponges, jellyfish). Then, in the Cambrian era (570 million years ago), life radiated out in a rich profusion of multicelled organisms, or the progenitors of most later fungi, plants, and animals, but most still remained in the oceans. With better ozone screening, such organisms began moving to the surface and on land after 500 million years ago. Land plants, insects, even early reptiles were just ahead. In the midst of the age of dinosaurs, the first small mammals evolved (by 250 million years ago), or the progenitors of humans. From the abundance of plant life, which depended upon atmospheric carbon dioxide, issued more and more oxygen, with the quantity in the atmosphere eventually reaching today's level.4

The earth's atmosphere is just right for life, given the distance from the sun and the quantity of solar radiation that reaches the earth. Over half the sun's energy at the earth's surface is visible light, a narrow part of the total radiation spectrum. Visible light is just on the shortwave side of this spectrum. Most, but not all, of these short waves are able to penetrate the atmosphere. Slightly over half of solar radiation is reflected back into space (by clouds or white surfaces), or absorbed by the gases in the upper atmosphere, helping heat them. The light waves that penetrate heat the surface of the earth, but the warmed earth radiates heat waves (infrared light) back toward space, releasing too much heat to allow for a life-supporting temperature were it not for a final magical aspect of our atmosphere. Water vapor and dozens of minor gases (carbon dioxide is the most important of these) are transparent to most shorter light waves, but not to the long heat waves radiated up from the earth. Thus, largely in the middle and upper troposphere, these gases absorb these heat waves and, like a warm blanket, radiate a part of this heat back to the surface, further warming it.

Except in areas with thick clouds, which are like mirrors and reflect a large percentage of sunlight, the lower atmosphere during the daytime transmits the sun's energy that has not been absorbed, scattered, or reflected by the upper atmosphere. No more than 10 percent of the heating of the atmosphere is a direct result of absorbed sunlight. The other 90 percent of warming reflects the direct warming of the surface by solar radiation, plus the heat waves radiated back to the surface by greenhouse gases. This surface heating is all important. It is an uneven heating. Dark soil or vegetation absorbs more light rays, and heats more rapidly. Light surfaces reflect most of the energy, and heat slowly if at all (snow is an excellent reflector). Land warms more rapidly than water, particularly deep areas of water. Water absorbs most solar energy only when the sun is overhead or at a high angle; it reflects most slanted light waves. When the energy does penetrate the surface, the water is largely transparent to light, and thus the light waves penetrate deeply, warming a much thicker layer than it can on opaque land. Thus, a given area of surface water heats less.

Water moves and mixes, thus further dissipating heat. It takes up to five times as much energy to heat a unit of water as for most soil or rock. This means that the 71 percent of the earth's surface that is now covered by water (it covered less during the height of the late Wisconsin glacier) makes a great thermostat. In the summer months, ocean water may gain only a fifth of the heat of nearby land. The reverse is true in the winter, when it radiates five times less heat. Thus, the variation of water temperatures from winter to summer, in the oceans, may be only ten degrees, while at the same time land differentials are as high as fifty degrees or more. If it were not for moving currents in the oceans, which help equalize temperatures between tropical and arctic areas, and the movement of wind over oceans and onto the land, the land areas of the earth would be much hotter in the summer and much colder in the winter. The greatest extremes of temperature thus exist at the heart of large, temperate zone continental landmasses, those least affected by oceans.5

The unequal heating of earth surfaces accounts for regional differences in air pressure and for moving air, or wind. Wind, plus unequal heating and bottom sea topography, help create ocean currents. The complex, often vast circulation patterns of wind and ocean waters affect the various climates on earth. But the energy behind all this is always from the sun. (See chapter 7 for a fuller discussion of climate.)

THE MAGIC OF CHLOROPHYLL

Why did it take over 3 billion years for life on earth to move from single-celled organisms to all the complex plants and animals of today, all of which evolved in only 500 million years? In a relatively brief period of less than 100 million years, in the early Cambrian, all present orders of life radiated out in all directions, creating an ecology almost as rich as what we know today. Before Darwin, and before we knew very much about pre-Cambrian life, it was easy for those in the Semitic religious tradition to posit a creative act by a god as the miraculous source of all forms of life, even when they conceded a subsequent amplification through natural processes. What is now clear is that it was pre-Cambrian life that, over a very long time, finally created the environment needed to support more complex eukaryotes like ourselves. That is, such new and more complex forms of life needed a cooler earth (less CO2 in the atmosphere), enough free oxygen to support animal metabolism, and, for surface life, enough stratospheric ozone to screen out most ultraviolet light. Of course, much more is involved than this. But such changes were necessary conditions for the Cambrian explosion. And at the heart of all these three modifications of the earth's environment was one complex but rather small organic molecule (or four very closely related molecules). We call it chlorophyll.

We do not know when the first chlorophyll formed, probably from precursor molecules that were light sensitive. We think that the earliest (and still prominent) photosynthesizers were cyanobacteria. They first turned parts of the ocean green, and they still contribute much of the oxygen released into the atmosphere each year. Their origin may go back 3 billion years or more. Before photosynthesis, bacteria had gained all their energy not directly from the sun, but chemically from minerals that contained oxygen. For all early bacteria, which lived in an atmosphere without oxygen, any free oxygen would have been a deadly enemy, as it still is. Such bacteria today live in oxygen-free, or nearly oxygen-free environments (an example are the bacteria that convert nitrogen into nitrates in air-tight nodules on the roots of legumes). But free oxygen was no problem at the beginning of photosynthesis. It did not yet exist, but was a product of the complex process fueled by photons of light. In time, the process led to present levels of oxygen, but charting the amount at any time in the distant past is all but impossible. Note that until oxygen became at least 10 percent of the atmosphere, combustion was impossible. If it rises above 25 percent, fire is an ever-present danger, and by 35 percent almost all hydrocarbons will spontaneously combust and terrestrial life will become impossible. Note also that until life-created hydrocarbons accumulated there was only minute amounts of fuel for combustion. It is in this sense that life created the foundations of most present energy use—the controlled burning of hydrocarbons, from the sugars burned in the bodies of animals to the gasoline burned in the pistons of automobile engines.

The most important chlorophyll molecules are attached to the walls of bacteria or, in multicelled plants, to leaf cells. These 120-atom molecules are umbrella shaped, with a flexible stem. They collect photons of light (two per second) and feed them into a reaction center (like a small factory) in the cell. They absorb most of the light spectrum, except green, which yields the color of chlorophyll. In the reaction center, with other chlorophyll molecules playing a role, the solar energy is used to break water into its components of hydrogen and oxygen, which is no mean feat. Left over from this process are free electrons, which provide the energy for the synthesis that follows. Also unneeded at this point is much of the freed oxygen, which is in fact very dangerous to anaerobic life, which can live only in an oxygen-free environment. The cell uses the preserved energy to fuse carbon dioxide, available from air or water, with hydrogen to create carbohydrates (C6H12O6), which in turn are the main source of energy for the organism. The same energy also creates the amino acids and proteins needed for body structures. Thus, photosynthesizers absorb carbon dioxide, use the carbon as the main structural component of often very complex hydrocarbon molecules, and expel oxygen. Such photosynthesis, for the first time, made possible new forms of microscopic life. As atmospheric oxygen increased to a certain level, in about 200 million years, the first oxygen-using organisms evolved, the progenitors of later animal life. They complemented the photosynthesizers by absorbing oxygen and respiring carbon dioxide.

Atmospheric oxygen created a hazard for photosynthesizing microbes and later plants. The new, free oxygen easily combined with some of the carbon in cells, or a type of plant respiration, which limited the amount of carbon that could go into sugars and enzymes. At present, most plants cycle about a third of the carbon dioxide used in photosynthesis back into the atmosphere. Present levels of oxygen and carbon dioxide reflect a near equilibrium between photosynthesis and respiration. Note that any severe reduction of photosynthesizers, and particularly those in the ocean, could gradually lower the level of oxygen in the atmosphere, while global warming could speed up photosynthesis and increase atmospheric oxygen unless it led to an increase in animals that consume oxygen.6

THE CYCLES THAT SUSTAIN LIFE

Recycling is a vital aspect of life. In fact, it is necessary for the abundance and diversity of life-forms now on earth. For example, without cycling, the earth would not retain enough available carbon in the form of carbon dioxide. If 99.5 percent of the carbon dioxide used in photosynthesis and converted into organic hydrocarbons was not, through the work of worms, fungus, and bacteria, consumed and recycled back into the atmosphere, the process would have soon exhausted the supply of carbon dioxide in the atmosphere. As it is, only 0.05 percent of the carbon dioxide involved in photosynthesis is permanently removed from the atmosphere. It is eventually deposited on the bottom of the ocean as carbonates or, when blended with calcium-rich shells, as calcium carbonate or limestone. If all had become rock, life would, at best, have settled into a limited niche, drawing energy either from chemicals (as along deep sea vents) or from a very limited photosynthesis fed by the annual net gain of usable carbon dioxide contributed by vulcanism. Even the limited life supported by this natural input would have been precarious, because an atmosphere stripped of most of its carbon dioxide, a major greenhouse gas, might be too cold to support any life. Also, the oxygen contributed by this limited photosynthesis would not have reached the threshold of combustion and animal metabolism. We would not be here.

Here in such cycling we confront one of the hundreds of factors that sustain complex forms of life, or what has always seemed to many people the contrivances of a divine mind. For scarce elements needed by life, such as nitrogen (in the form of usable nitrates), the cycling ratio is even higher than for carbon (at least five hundred atoms of nitrogen used by plants are recycled back into water or air for every one sequestered). Without nitrogen-fixing bacteria, mostly in ocean waters, there would not be enough nitrates for the present volume of life on earth. For elements with a more plentiful supply, such as phosphorus, the ratio is only forty-six to one, while for calcium, which is abundant, the ratio is one to one, with little or no recycling. Human-induced changes in the supply of the different elements or nutrients required for life can alter a whole community of organisms. The use of fertilizer, to increase yields, and to maintain yields year after year, is one example. Another, perhaps more momentous example is the rapid using up of fossil fuels, which has led to major shifts in the earth's atmosphere.

The earth is the only green planet that we know about, because it is the only known planet with life. In thousands of ways, life and the inorganic part of the earth interact, mutually shaping each other. As I have emphasized, life has helped shape our atmosphere, and various forms of cycling maintain it at its present near-equilibrium. Life vitally influences climate, and even local changes in weather. Life enormously speeds up the mechanical and chemical weathering of rocks, which creates the base of soils, while living organisms are a critical component of productive soils. Microorganisms insure the decay of most organic matter, including human waste. All our fossil fuels are a deposit of past life. Less obvious, life even provides some of the components of the magma extruded by volcanoes.

Today, the role of life in shaping the earth's evolution has taken on a new aspect. Of all the interactions between life and inorganic matter, the most extensive now involves purposeful actions by humans, the only self-conscious form of life. Never before has one species had such enormous control over natural processes. What this may mean for the future, what major environmental problems human actions have already created, is the subject of the rest of this book.7
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Population, Consumption,
and the Environment

Almost any consideration of the earth's present health, or its prospects during the next century, has to begin with the human population. The doubling of the world's population between 1960 and 2000, the 6.5 billion people on earth in 2006, and the prospect of 9 billion by 2050 raise innumerable issues about available resources, about the level of pollution and waste, about massive extinctions, and about the quality of human life in crowded cities. Countries with nearly stable or even declining populations do not face some of these problems, but these are the very countries with the highest levels of consumption, resource use, and emissions. They also have economies that are predicated on a continued growth in living standards. The pressures on the earth thus come from both directions, from the multiplying poor and the indulgent rich.

POPULATION AND RESOURCES

It is much too early to assess with any degree of assurance the consequences of the present population explosion. Such a new surge of population growth is not new, but its pace has been unprecedented. The first surge may have begun even before the evolution of Homo sapiens, when humanoids first learned to control fire. The second surge in population began when humans moved from hunting and gathering to the domestication of animals and to the cultivation of crops. The present surge was only the climax of a more gradual expansion of population in the modern era, particularly in the nineteenth century. What changed is that after 1950 so many trend lines turned sharply upward. One example is what happened to agriculture in the developed countries, and particularly in the United States, where productivity almost doubled from 1950 to 1970 because of increased uses of chemicals for fertilizer and pest control, new and more productive varieties of crops, and the use of fossil fuels to power larger and more efficient machines. The green revolution spread. Since 1970 the world's production of food has more than doubled. Without this agricultural revolution, the earth simply could not feed the present population, and in a sense is not even feeding it well in the present (over 800 million people are hungry because they have to survive at less than an optimum level of nutrition).

After past introductions of new technologies, the subsequent growth of population soon leveled off. In effect, larger populations eventually probed the existing limits of subsistence. Will the present population explosion soon level off? Obviously, the growth rate cannot continue at present levels, and is already slowing in most countries, with worldwide annual growth rates down from 2.1 percent in 1970 to 1.14 percent in 2004 (see figures 1 and 2). Even the 9 billion expected by 2050 reflects more than a 50 percent decrease in the rate of growth from that of the last half of the twentieth century. In 2003, in the wake of the AIDS epidemic, the United Nations Population Division lowered its median estimate for 2050 from 9.3 to 8.9 billion. But in its 2004 revision, its medium projected 2050 population is back up to 9.1 billion. Even 9 billion people will present new problems. In fact, two-thirds of the world's population is already pressing against such intractable resource scarcities, and such environmental degradation, as to make even low incomes difficult to increase. In the poorest countries, the growth of population has pushed beyond the limits of economic growth, with a bleak future for such populations in the future. At least eighteen countries, most in central Africa, have suffered a negative per capita income growth in the last decade, and at least thirty other countries have enjoyed little if any growth, with an AIDS pandemic aggravating already desperate economic challenges.

One may object that the present problems in poor countries result not primarily from population growth, but from low productivity based on a variety of problems that are, in principle, correctable—unstable governments, a lack of educational opportunities and thus a shortage of human capital, the suppression of women, a lack of modern technology and thus great economic inefficiency, and a primitive agriculture. Demographers have long predicted, or at least hoped, that the same demographic transition that occurred in Europe and North America—from high mortality and birthrates, to technological changes that led to both prosperity and lowered mortality rates, to a final stage with low mortality and the present low fertility rates—would be duplicated elsewhere. But it may not be possible to duplicate such a transition in much of central Africa and southern Asia. By coercion, China has come close to such a transition to low fertility despite low per capita incomes. Elsewhere, lowered fertility rates have accompanied higher incomes, but have dropped only slowly or not at all for very low-income families. The transition has taken place only among elites. The only likely way to gain something close to replacement level fertility in much of the world seems to depend on rapid economic growth. But it is simply impossible to imagine the natural resources—water, soil, energy—that would allow these crowded countries to gain living standards comparable to those in western Europe, at least short of magical new technologies, such as cheap and plentiful fusion energy. And even if they attained such a level of prosperity, and their population leveled off at no more than a third above present levels, one wonders about the quality of life possible in such a crowded world.
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Fig. 1. World population, 1950–2004 (data from Census Bureau). (Worldwatch, Vital Signs 2005, 65.)
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Fig. 2. Annual growth rate in world population, 1950–2004 (data from Census Bureau). (Worldwatch, Vital Signs 2005, 65.)

From a worldwide perspective, the earth probably has enough resources to feed 9 billion people, even with present agricultural knowledge and tools. This may be small consolation to poor countries that have no way to meet their own food needs. The earth has enough fossil fuels to last for the next fifty years, even at the present annually increased rate of use. This may be small consolation to the two-thirds of the earth's population that have, so far, consumed a small share of such fuels, but have been direly affected by the global impact, including recent warming, due to the production and consumption in wealthy countries.

With the sole exception of the United States, the population of the twenty-three wealthiest countries, or those with a 2002 per capita Gross National Income (GNI) of over $15,000, or approximately 15 percent of the total, is stable or declining. The U.S. Census Bureau predicts that by 2025 all the net population increase will be in the recently poorer countries, and until then 98 percent will be in such countries (much of the other 2 percent will be in the United States). By then the 20 percent of the world population now living in what the United Nations designates as developed countries (roughly those with a present per capita GDP of over $10,000) will drop to 15 percent.

This means that present demographic imbalances will increase, with a very high percentage of people over sixty-five years old in affluent countries, a very small base of youth under fifteen, and a shortage of working-age people. In poorer countries, at present, from 40 to 50 percent of the total population is under fifteen years old, with the population over sixty ranging from only 3 to 7 percent. Over 90 percent of their dependent population is under fifteen. The huge bulge of child-bearing women in the near future assures a continued population growth for the next three decades despite declining birthrates. Conversely, in the most affluent countries the population under fifteen is only 14–20 percent, except in the United States (21.8 percent), the population over sixty from 20 to 25 percent, except in the United States (16.1 percent). The only means of correcting such demographic imbalances would be a speedup of the present outsourcing of work to underdeveloped countries and a major migration of working-age people from the underdeveloped countries into the labor-short developed world, a migration that has already had a major influence on the population of the United States.1

SUSTAINABLE DEVELOPMENT

Today the verbal mantra “sustainable development” is a loaded phrase. Everyone supports it, but few define it in exactly the same way or honestly probe its implications. The central idea is an old one, at least among economists. If people are to remain prosperous over a long time, they must develop and preserve their tools of production, or capital. Otherwise, they will soon use up capital and face declining returns and ultimately bankruptcy. Today, environmentalists have extended this understanding of the vital role of human-made tools to non-human-created goods, such as soil, water, air, and fuels. Economic growth, both in developed countries and poor countries, will be self-defeating if it involves a using up of nonrenewable resources, such as fossil fuels, or a steady draw down of renewable resources, such as forests or soil nutrients.

For nonrenewable resources, with fossil fuels by far the most important, humans cannot avoid a continued draw down, at least in the near future. In this case, the mandate of sustainability requires enough research and development in the present to find renewable replacements for fossil fuels before they are exhausted. Finally, humans must not emit more pollutants than the environment can safely assimilate. Today, in no area of the world are economies even close to meeting these goals. Poor countries, by necessity, are rapidly using up renewable resources, while the wealth of affluent countries depends upon the past and continuing exploitation of the world's dwindling reserve of fossil fuels.

The goals of sustainability are not new. Human concerns about scarce resources, and about environmental degradation, reach back to the dawn of civilization. Prehistoric people at times were unable to adjust to environmental change, such as cycles of drought, or pressed too strongly against scarce resources and suffered famine, population decline, and cultural bankruptcy. Few present environmental concerns are new, except those created by new technologies (such as ozone-depleting chemicals). But because of the population explosion, never before have so many environmental problems been global in their implications (global warming, massive extinctions of species, rain forest destruction, acid rain, ocean pollution) and so difficult both to understand and to mitigate.

Sustained development, to the extent that it means economic growth, poses the most difficult challenge for poorer countries. In 2004, the most wealthy twenty countries, with a per capita Gross National Income (GNI, or what was formerly called GNP) of over $25,000 in current U.S. dollars (excluding tiny nations like Lichtenstein), made up less than 15 percent of the world's population, but they controlled 72 percent of the world's total income. The United States alone accounted for 30 percent of this income. The list of the twenty most wealthy countries includes the United States and Canada, Australia, fifteen western European countries, and only Japan and Hong Kong in Asia. It includes no countries in Africa or Latin America, and no country from the former Soviet bloc. In fact, none of these areas have any countries among the additional nine nations with incomes above $15,000, or nations usually included among lists of “developed” countries. Slovenia, from the former Yugoslavia, is among the short list of six countries with incomes between $10,000 and $15,000, or countries sometimes listed as either developed or emerging.

Comparisons of per capita GNI is necessarily tied to world prices and to exchange rates among world currencies. The per capita GNI of Sierra Leone, for example, reflects how many products an average citizen could buy on the international market, and in this case very few, for its per capita GNI is only $190. On the basis of per capita GNI, around seventeen countries have incomes between $5,000 and $10,000. A few of those are growing rapidly, and may soon cross the $10,000 threshold, particularly the Czech Republic, Hungary, and Mexico. All the roughly 130 countries with incomes below $5,000, or less than an eighth of the income in the United States, are relatively poor, but among the nineteen with incomes over $3,000 are some major world powers, including Russia, Turkey, South Africa, and Brazil. The remaining 110 countries, all with incomes under $3,000, include over two-thirds of the world's total population, for China ($1,500) and India ($620) are among them, as well as such other populous countries as Indonesia, Pakistan, Bangladesh, Nigeria, and Sudan. At the very bottom are those fifty or so countries with incomes below $500.2

Yet, the ranking of countries on the basis of GNI can be very misleading. This is obvious when one tries to determine how anyone could survive in the approximately thirty-five countries with incomes of less than $400 a year, or in the lowest of all, Burundi, on $90 a year. In the United States, a person could not survive for a week with that income. Thus, today, the fairest and increasingly most often cited income figure is what is called the Purchasing Power Parity income, or what I will refer to as PPP. Instead of currency exchange rates, this is based on a survey of the cost of hundreds of goods and services in the local currency. It includes statistical conversions that come as close as possible to estimating the real income among countries. In poor countries, generally, the cost of local foodstuffs, and above all of human services, tends to be very low, unbelievably low when translated into dollars. In terms of local purchasing power and living standards, such currencies are drastically undervalued in exchange rates. The PPP corrects for this, and for most poor countries it is as much as five times higher than the per capita GDP. For example, in India the GDP in 2004 was only $620, but the PPP was $3,100; in booming China the GDP was $1,500, while its PPP was $5,890. At the higher incomes, the changes from GDP to PPP are small, and in some cases the PPP lower (dramatically so for Norway and Switzerland). But as one moves down the GDP, the gap between GDP and PPP becomes more pronounced.

In 2004, approximately thirty countries had a PPP over $20,000 (only twenty of these had a population of over 1 million, but notably, some tiny countries are among the most wealthy, with Luxemburg always at the top). These most affluent countries generally duplicate the present thirty countries that are members of the Organization of Economic Cooperation and Development (OCED), but not exactly, since some lower income countries (Mexico, Turkey) are in this elite organization. Twenty-two additional countries, some very small, had a PPP of over $10,000, or roughly the poverty level for a single person in the United States. This means that their living standards range from one-fourth to one-half that of the United States (which has a PPP of just under $40,000). These two groups total just over 1.222 billion, or barely 18.5 percent of the world's total population. At least most of these are generally listed as developed or industrialized countries. The exception would be a few countries that gain a high rank in incomes only because of the exportation of oil. But some countries almost always listed among industrialized or developed countries are not in the above $10,000 PPP group, and this includes Russia. Also note that much of this data is based upon the self-reporting of countries, and may slightly overestimate incomes. Also, in some nations, particularly oil-rich countries, incomes are so skewed toward a few at the top as to leave the great mass of citizens at very low incomes.

Around forty countries have a PPP of $5,000 to $10,000. This means that living standards range from one-eighth to one-fourth of those in the United States. Some of these countries are often listed as having emerging economies, for some may soon cross the threshold of $10,000 (Russia, Mexico, Brazil, Thailand, and Turkey are the best candidates). Other quite populous countries in this list (Philippines, Ukraine) are far from this goal of $10,000, as are the 1.3 billion people of China, who have PPP incomes near $6,000. These forty countries, ranging from near poor to emergent, contain 2.34 billion people, or 36 percent of the world's population (over half in China).

Almost 3 billion people have PPP incomes of under $5,000 in ninety-two countries, some very small. Whatever the euphemisms used to describe them (such as underdeveloped), those countries are simply poor. Most have little early prospects of moving above $5,000 PPP. But even here, those close to $5,000 are worlds apart from those at the lowest level. None of these aspirants are in sub-Saharan Africa. Albania, Armenia, El Salvador, and Paraguay are above $4,500, with Egypt, Guatemala, Jamaica, Jordan, Morocco, and Surinam above $4,000. India is a special case. Its 1.08 billion people make up over a third of those with incomes below $5,000. By its own accounting, its PPP had risen to $3,100 in 2004, and its annual growth rate is very high. It is conceivable that, in another decade or so, it will reach the $5,000 level. A total of forty countries have incomes between $2,000 and $5,000, while fifty-two countries are below $2,000. These make up the poorest of the poor, with thirty-two in sub-Saharan Africa, about a dozen in Asia, and only Haiti in the Western Hemisphere. The others are small island republics. Fifteen African countries are at $1,000 or below (Sierra Leone and Somalia are at the bottom at $600). The two most populous African countries—Nigeria and Ethiopia—are in this group. It is difficult to conceive of people surviving on one-fortieth the average purchasing power of Americans. Compounding the problem is that incomes in these poorest countries are often concentrated in small elites.

Average PPP levels may be very misleading if one is concerned about the overall welfare of a population. Vitally important is income distribution, or the degree of income equality. The best indicator of the general welfare of a population might be the average per capita PPP of those who suffer the lowest 20 percent of incomes. Unfortunately, income inequality is usually greater in poor countries than it is in affluent ones (see figure 3). Welfare includes several factors, some not tied to income. These include life expectancy, low infant mortality rates, universal access to health care and education, political stability, low crime rates, access to work, gender equality, and clean air and water. In the last decade, not only has the gap between affluent and poor countries widened, but even in most industrial countries income inequality has risen at frightening rates. Worst of all, among wealthy nations, is the United States, in which, in 2000, over 30 percent of all income went to the top 10 percent, only 1.8 percent to the bottom 10 percent. This has worsened since 2000. Such income inequality is one reason why, in most attempts to measure overall welfare, the United States ranks below most western European countries.

[image: images]

Fig. 3. Income inequality within regions (data from World Bank). (United Nations, Global Challenge, Global Opportunity, 7.)

The PPP can also miss some economic bases of a good life. Most services performed by homemakers and mothers do not make it into these accounts. Local barter transactions and black market sales (huge in some countries) are not counted. Thus, particularly in the poorest countries, even the PPP may somewhat underestimate the actual level of consumption.

In one critical way, national accounting indices almost always overstate the actual level of material welfare. This is what most concerns environmentalists. No such official estimates now include natural capital, and thus the environmental costs of production and consumption. Because of this, the present levels of income are not sustainable over the long term in most poor countries, and not even in wealthy countries without major substitutions of new types of energy and more drastic controls over pollution. Already, increasing amounts of capital and labor have to be devoted to environmental repair work, or the product of past, often reckless use of resources and the pollution of air and water. In some underdeveloped countries, if one deducted the annual loss of soil, of forest cover, and of endangered species, then the sustainable PPP might move toward zero. In highly developed and wealthy countries, such as the United States, the loss of natural capital might be only a small percentage of the total. But the lack of more specificity about such costs simply reflects the enormous difficulty of measuring the monetary value of natural capital. For example, if one assumes that global temperatures rise by 5°C in the next century, then what will be the cost to the world economy? It could be vast, but we will not soon know enough to even come close to a firm estimate. And what should the United States, which contributes almost one-fourth of the greenhouse gases that are helping produce such warming, deduct from its present GDP in order to more realistically document its real annual income in sustainability terms? No one knows.

The United Nations maintains a System of National Accounts as part of its accounting division. In 1993, as a direct response to policies adopted at the Earth Summit in Rio in 1992, the United Nations tried to find a way to incorporate environmental costs into national accounting. This would have meant a revision in such categories as GNI or GDP. The problem was staggering in its complexity, and no revision resulted, but it did lead to a recommendation that the United Nations at least work toward such a goal and add supplemental or satellite accounts to address the environmental issue.3 Since then, economists have developed various strategies to gain a new Sustainable National Income index.4 In September 2005, the World Bank suggested that national accounts include certain natural resources, which often make up the largest share of wealth in poor countries. Unfortunately, it is these countries that are most rapidly exporting, or using up, their natural assets.

Few would deny that the present national accounting is outdated and misleading, but so far the problem has remained a very complex, highly technical, academic enterprise, with various contenting factions. The most limited addition would involve only natural resources that already have market prices attached to them, such as minerals, oil, and even soil. China, facing enormous environmental challenges, is the first country that is now planning a type of national accounting that includes environmental assets. The larger problem is accounting for life-supporting resources that are still part of the commons, such as oceans, streams, lakes, or the atmosphere. Also, how could a system of national accounts include global environmental costs. How could the United States calculate, and how should it pay for, its contribution to the depletion of the ozone layer, to ocean pollution, even to the acid rain that falls on Canadian forests and lakes? How could wealthy importing countries account for the environmental degradation they cause in the underdeveloped producing country? What is to keep wealthy countries from importing products that create environmental hazards abroad or exporting their own toxic wastes? Such issues implicate a system of international accounts that would, in proportionate ways, have to be incorporated into national accounts, and one can sense the level of international conflict that might ensue if the United Nations or regional agencies tried to implement such a system.

Equally difficult is any way of pricing the esthetic benefits of pristine forests and lakes, the opportunity to visit wilderness areas, the ability to enjoy threatened species of birds. One might poll citizens and find out how much they would be willing to pay in taxes each year to preserve such amenities, and on this basis give a monetary value to them. Or one might assume that present governmental resource regulations and reserves, and the costs that go with them, roughly indicate the value its citizens place on such amenities. But such measurements are meaningless in poor countries that cannot afford such taxes or cannot enforce environmental regulations. To the extent that the people of one country value habitats and biodiversity in other areas of the world, particularly poor areas, they should be willing to contribute to the foreign aid needed for their preservation.5

THE SPECIAL ENVIRONMENTAL CHALLENGES FACED BY POOR COUNTRIES

For the vast majority of humans, who live at a near subsistence level, such issues as sustainability must seem remote. Their great imperative has to be higher rates of productivity and increased consumption, whatever the long-term environmental costs. Given the large and usually still growing population in poor countries, this is an intimidating goal. Already, the assaults on local environments have too often reached crisis proportions, so much so that any sustained growth in incomes seems almost impossible. Yet, the assets available, in human capital, in sources of financing, in available tools of production, are meager at best, save for India and China, both of which have a large, university-trained workforce. Although most poor countries have tried to deal with environmental problems, and in some cases have had to do so, they have lacked the resources, or the political legitimacy, to enforce environmental legislation.

It is difficult to see how poor countries can alleviate most of these problems in the near, or even the distant, future. These run the gamut of environmental pressures: depleted fuels, eroded land, disappearing forest cover, threatened or already extinct species, uncontrolled urban growth, polluted air and water, and a scarcity of potable water or water for irrigation. Such poor countries have few tools to cope with such problems. Burdened by debts, by low market prices for exportable commodities, by political instability, they are all but helpless without major subsidies from wealthy countries. In part because of the highly subsidized and protected agriculture in the wealthy countries, they cannot even sell most food products on the world market. To make the situation even more cruel, they simply will not be able to retrace the paths of economic growth followed by Europe, America, and Japan. Not enough easily available or inexpensive resources remain for them to do so. And even if they try, environmental constraints will soon halt such growth—often not by any fault of their own, but because of the legacy left by rapid growth elsewhere.6

Since 1850, and at an accelerating pace since 1950, the industrialized nations have attained a level of production of goods and services undreamed of in the human past. In 2000, a census year, the United States illustrated this consumptive largesse. It enjoyed a GNI of nearly $10 trillion (1996 dollars). In the previous year, its citizens had a disposable (after depreciation of capital and taxes) income of close to $6 trillion. Its agriculture was so productive that Americans had to spend just over 8 percent of this income for food used at home, or what costs over 50 percent of income in some poor countries. It spent over twice this amount for housing and household operation and on medical care, a third more on its automobiles, and an eighth more for recreation. Americans even spent over $80 billion on jewelry and personal care products, such as cosmetics. Each American spent, on average, about $2,300 on recreation, or almost as much as the PPP of India.

One key to this increased productivity has been the replacement of muscle power by other forms of energy, mainly from the controlled burning of fossil fuels. Another necessary condition has been the development of new tools and techniques of production, and thus ever greater efficiency. This has paid off most of all in agriculture, by far the most efficient sector in affluent countries today (the smallest input of labor for the output). Increasingly, the sources of fuels, timber, minerals, and tropical foods to sustain this rapid growth have been the less developed areas of the world. For example, Americans have not only drawn down their resources, such as oil and gas, but those of the world as a whole. Wealthy countries less favored by natural resources, such as Japan and Britain, have been almost completely dependent on such foreign resources. Poor countries have not been in a position to resist the out-shipment of precious resources, the loss of their natural capital. They have depended on the income for growing populations. Without a market for unprocessed goods, few underdeveloped countries could begin to support their existing population. They are dependent either on trade or aid. One can only wonder what Nigeria will do when its oil runs out, given its engorged population and underdeveloped agriculture.

Almost all poor countries have tried to follow development patterns that succeeded in the wealthy countries, but only a few have done enough to improve agricultural production. Most have tried to introduce labor-intensive forms of manufacturing, with textiles often in the lead. And, indeed, as measured by present national income indices, most former colonial nations have enjoyed at least low levels of economic growth. Foreign aid and the green revolution have kept such economies growing. At least a minority of the population has benefitted, with a degree of affluence easily visible in favored areas of growing cities. Whether overall human welfare has improved is impossible to measure, but one can harbor doubts that it has.

What can poor nations do to move toward Western living standards? They cannot emulate the past history of the most industrialized nations. Few have the needed resources at home, and they cannot afford to import them, particularly energy. Population pressures have already decimated forests, eroded land, and exhausted local supplies of fuel even for cooking. Hungry peasants encroach upon parks and wildlife preserves, desperate for land, wood, or game. Others have overfished increasingly polluted streams, even as industrialized nations have joined in overfishing half the world's oceans. Agricultural reform might improve food production, but only by displacing most near-subsistence farmers. Few poor countries have the money or credit or needed skills to develop profitable manufacturing, and thus have to depend on foreign capital. Cheap labor is often their lure for foreign investment. Tropical countries have to export a few commercially important foodstuffs, or their dwindling reserves of timber, oil, gas, or minerals. Increasingly, sub-Saharan Africa depends upon imported foods. Such countries cannot afford to attend to developing environmental problems.

In the last two decades, the dominant environmental concerns in the wealthy nations have shifted toward global issues. This largely involves the past role of industrialized societies in creating the problems that are now manifest in the underdeveloped world, and their responsibility in mitigating such global problems as atmospheric warming and, with it, climate change; tropical deforestation and, with it, a loss of biodiversity; and the likelihood of increased famines because of degraded soils and scarcities of water and energy. In a sense, the great overarching problem for poor countries is continued rapid population growth, a problem that wealthy countries, with stable or declining populations, can do little to influence from a distance.

ENVIRONMENTAL MITIGATION IN WEALTHY COUNTRIES

In most respects, the citizens of the twenty most wealthy countries now enjoy the fruits of a century of environmental mitigation. As they look at their immediate surroundings, they see problems aplenty, but nothing to compare to the even recent past. Only forty years ago, people everywhere had to fear the effects of nuclear fallout from the testing of over two thousand bombs by cold war antagonists. No more, although some still fear accidents at nuclear reactors. In the early twentieth century, European and American cities, in the winter, suffered horrible smog and soot from the almost universal heating by coal. No more, although the continued use of coal for electrical generation contributes to smog, acid rain, and global warming. A century ago almost all human and industrial waste was dumped, untreated, in rivers and oceans. No more in wealthy countries, although problems of waste disposal still haunt them.

In the early twentieth century, farmers in the United States were still clearing forests and increasing the land cultivated, while erosion, by wind and water, was rife (think of the dust bowl or the red hillsides of the Southeast). No more. Despite a tripling of population in the United States since 1900, and a fourfold increase in agricultural production, the amount of cultivated land has declined by a third, and the forest cover is now more extensive than in 1900. Few now remember the ugliness of factory towns, or the tenements of large cities, or the unpainted shacks of share croppers, or when city streets ran with the manure and urine of horses. Epidemics of water-borne diseases (typhoid, cholera) were still present in 1900. Whales were becoming endangered species because of overhunting, while the last passenger pigeon died in a Cincinnati zoo in 1914. Americans came close to killing their last bison. Lead was a basic ingredient of paints, and soon also of gasoline. I could go on and on, if needed, to prove that for wealthy countries, from many environmental perspectives, the past was far worse than the present. But who doubts that fact?

The people of the underdeveloped world rightly envy the prosperity of the industrialized world, which is beyond their reach. They also value its ability to cope with environmental problems, which is even more beyond their reach. In so many areas, environmental regulations and new technologies of production have mitigated environmental problems in spite of increases in population and an even more rapid increase in per capita consumption. Not completely, of course, as present American realities testify.

Americans use energy more efficiently than in the past. They have reduced the carbon intensity of fuel as they moved from wood, to coal, to oil, and to gas (the generation of electricity by natural gas emits 50 times less carbon dioxide, per unit of heat, than a wood-burning stove). Yet, they still emit more carbon than ever before. This is a function of increases in population and, even more, consumption. Americans have reduced the emission of sulfur compounds, and in a very limited way nitrous oxides, but they still suffer from air pollution and acid rain. They have reduced most of the risks of waste disposal, but they are overwhelmed with its volume. By great effort, they have saved many endangered species from extinction, but some habitat losses have effectively ended any but isolated enclaves. They have increased, at a rate much higher than population growth, the amount of land preserved in parks and wilderness areas, national and state forests, and wildlife sanctuaries, but nothing can relieve the pressure of more and more visitors to such sites, a function of numbers, affluence, cheap transportation, and a much more widespread public appreciation of the outdoors. At great effort and great cost, they have improved air quality in most areas of the country, and water quality in some areas, but again the sheer numbers and a growing use have imperiled precious aquifers and threatened overused streams. Because of a thousand new chemicals, and new products, they have pushed at least trace amounts of new compounds into the atmosphere, often with unknown risks. But as a whole, environmentally caused human mortality seems to be at the lowest level in human history in developed countries, no mean achievement (at the same time, mortality rates for many other species have gone up).

Behind the achievement was a transformation in human values. In the United States, every poll reveals broad public support for environmental legislation, although not for radical or sacrificial legislation. In much of western Europe, the public support is even higher. People take extra effort to recycle waste products, fight new urban developments in order to save forests, and are deeply concerned about threatened species. Of course, it is easier to be concerned when the problem is at a distance or when local costs are low. But the gap in understanding, in attitudes, between present Europeans and Americans and those of a century ago is deep. It is difficult to understand people who shot bison for the fun of it, who killed songbirds en masse, who gained a bounty for every wolf killed, who almost reflexively killed any snake observed, who saw trees as obstacles to progress, or who casually dumped wastes into the nearest stream.

But the high-consumption countries, in a global perspective, have incurred a high cost for their income and even their environmental repairs. They have used up a large share of the easily procured fossil fuels, threatened the protective ozone layer by their emission of ozone-depleting gases, risked a rapid rise in global temperatures because of greenhouse gas emissions, pushed the level of pollution in oceans to dangerous levels, inundated themselves with waste, used enormous quantities of water, exploited the most easily mined of the world's mineral resources, and, in earlier centuries, in both Europe and America, stripped away a large share of forest cover. By their excess, they have created an earth that can no longer support the type of development, in poor countries, that has led to their consumptive excesses. They got there first, and took the best.7
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