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Foreword 

'I'lic idea for this hook came t o  me just over a year ago, shortly 
.~l:tcr I moved from President t o  Chairman of the Board of the 
Worldwatch Institute, an organization I founded in 1974. In this 
llcw role and with more time to think, three things became more 
;Il)l)arcnt to me. One, we are losing the war to save the planet. 
'I'wc~, we need a vision of what an environmentally sustainable 
cc~~llorny-an eco-economy-would look like. And three, we need 
;I new kind of research organization-one that offers not only a 
vision of an eco-economy, hut also frequent assessments of progress 
111 realizing that vision. 

When Worldwatch started 27 years ago, we were worried about 
hrinking forests, expanding deserts, eroding soils, deteriorating 
r ;~~~gclands,  and disappearing species. We were just beginning to 
worry ahout collapsing fisheries. Now the list of concerns is far 
I{)t~gcr, illcluding rising carbon dioxide levels, falling water tables, 
~ r ~ s i ~ ~ g  temperatures, rivers running dry, stratospheric ozone deple- 
( ic111 ,  more destructive storms, melting glaciers, rising sea level, and 
tlyil~g coral reefs. 

Over this last quarter-century or so, many battles have been 
W ~ I I I ,  011t the gap between what we need to do to arrest the envi- 
I I I I I I I I C I I ~ ~ ~  deterioration of the planet and what we are doing con- 
111111~s 10 widen. Somehow we have to turn the tide. 

A t  present there is no shared vision even within the environ- 
I I I ( . I I I ~ I ~  cotii~iiu~iity, much less in society a t  large. Unless we have 
\11c1i :I vision of where we want to go, we are not likely t o  get 

, , 
111crr. 1 Ilc 1)urposc o f  this hook is t o  outline the vision of an eco- 
v, l l l l ~ l l l l y .  

' I ' I I c  good news is that when we startcd W~,rldwatch, we kucw 
111.11 ~ I I I  c~~vi ro~i~ i i i~~i t :~ I ly  sust3i1i:ihlc eeo~io~iiy was ~)ossil) l~,  h11t 
wc. I ) I I I ~  I i i l c l  ill1 :iI~str;icr S C I I S ~  of wh:it it wo~lld look like. ' l i ~ ~ l ; ~ y  
WI. G I I I  ;1ct11;1lly ~lrscrilri~ with so111c col~ficlcllcc I I O I  ol~ly W I I : I I  i l  



will look likc l x ~ t  how it will work. 'l'wcnty-scvcn ycars ago, the 
modcrn wind power industry h;lcI not yct heen born. Now, world- 
wide, we have behind us a phenomenal decade of 24 percent an- 
nual growth. 

Thanks to the U.S. Department of Energy's National Wind Re- 
sources Inventory, we now know that North Dakota, Kansas, and 
Texas have enough harnessable wind energy to satisfy national elec- 
tricity needs. In the United States, wind electric generation is pro- 
jccted to grow by more than 60 percent in 2001. With the low-cost 
electricity that comes from wind turbines, we have the option of 
electrolyzing water to produce hydrogen, the fuel of choice for the 
fuel cell engines that every major automobile manufacturer is now 
working on. 

Wind turbines are replacing coal mines in Europe. Denmark, 
which has banned the construction of coal-fired power plants, now 
gets 15 percent of  its electricity from wind. In some communities 
in northern Germany, 75 percent of the electricity needs are satis- 
fied by wind power. 

A generation ago we knew that silicon cells could convert sun- 
light into electricity, but the solar roofing material developed in 
Japan that enables rooftops to become the power plants of build- 
ings was still in the future. Today more than 1 million homes world- 
wide get their electricity from solar cells. 

Today major corporations are committed t o  comprehensive re- 
cycling, t o  closing the  l oop  in the  mater ia ls  economy. 
STMicroelectronics in Italy and Interface in the United States, a 
leading manufacturer of industrial carpet, are both striving for zero 
carbon emissions. Shell Hydrogen and DaimlerChrysler are work- 
ing with Iceland t o  make it the world's first hydrogen-powered 
economy. 

What became apparent to me in my reflections a year ago was 
that to achieve these goals, we need a new kind of research insti- 
tute. Thus in May of this year, with fellow incorporators Reah 
lanise Kauffman and Janet Larsen, I launched the Earth Policy In- 
stitute. Eco-Economy: Building an  Economy for the Earth is our 
first book. We have also begun issuing Earth Policy Alerts, four- 
page pieces dealing with topics such as worldwide wind power 
dcvclopment and the dust bowl that is forming in northwest China. 
Thcsc pieces highlight trends that affect our movement toward an 

LUI-cc0110111y. 
No otic 1 know is qualified to write a book of this scope. Cer- 

tainly I am not, hut someone has to give it a try. Every chapter 
could have been a book in its own right. Indeed, individual sec- 
tions of chapters have been the subject of books. Beyond the range 
of issues covered, an analysis that integrates across fields of knowl- 
edge is not easy, particularly when it embraces ecology and eco- 
nomics-two disciplines that start with contrasting premises. 

People appear hungry for a vision, for a sense of how we can 
reverse the environmental deterioration of the earth. More and 
more people want t o  get involved. When I give talks on  the state 
of the world in various countries, the question I am asked most 
frequently is, What can I do?  People recognize the need for action 
and they want to do something. h?y response is always that we 
need to make personal changes, involving everything from using 
bicycles more and cars less to recycling our daily newspapers. But 
that in itself will not be enough. We have to change the system. 
And t o  do that, we need to restructure the tax system, reducing 
income taxes and increasing taxes on environmentally destruc- 
tive activities so that prices reflect the ecological truth. Anyone 
who wants t o  reverse the deterioration of the earth will have to 
work to restructure taxes. 

This book is not the final word. It is a work in progress. We will 
continue t o  unfold the issues, update the data, and refine the analy- 
sis. If you are interested in receiving the four-page Earth Policy 
Alerts, please visit our Web site a t  <www.earth-policy.org>, where 
you can sign up to receive them as they are released. 

Our goal is to publish this book in all the world's major lan- 
guages. In addition to the North American edition, there will also 
be a U.K.ICommonwealth edition designed to reach most of the 
rest of the English-speaking world. In East Asia, arrangements are 
already being made for Chinese, Japanese, and Korean editions. 
We are also working on Italian and Portuguese editions. And we 
know that EPI Board member Hamid Taravaty from Iran is plan- 
ning a Persian edition. 

This book can be downloaded without charge from our Web 
site. Permission for reprinting or excerpting portions of the manu- 
scr ipt  can  be obtained f rom Reah  Janise Kauffman a t  
<rjkauffman@earth-policy.otg> or by fax or mail. 



We wclcomc your input in analyzing thcsc issues. If you have 
any thoughts or recent papers or articles that you would likc to 
share with us, we would be delighted to receive them. 

Lester R. Brown 
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The  Economy 
and the Earth 

In 1543, Polish astronomer Nicolaus Copernicus published "On 
the Revolutions of the Celestial Spheres," in which he challenged 
the view that the Sun revolved around the earth, arguing instead 
that the earth revolved around the Sun. With his new model of the 
solar system, he began a wide-ranging debate among scientists, theo- 
logians, and others. His alternative to the earlier Ptolemaic model, 
which had the earth at the center of the universe, led to a revolu- 
tion in thinking, to a new worldview.' 

Today we need a similar shift in our worldview, in how we think 
about the relationship between the earth and the economy. The 
issue now is not which celestial sphere revolves around the other 
but whether the environment is part of the economy or the economy 
is part of the environment. Economists see the environment as a 
subset of the economy. Ecologists, on the other hand, see the 
economy as a subset of the environment. 

Like Ptolemy's view of the solar system, the economists' view is 
confusing efforts t o  understand our modern world. It has created 
an economy that is out of sync with the ecosystem on which it 
depends. 

I:.conomic tl1rol.y ; I I I ~  economic indicators do  not expl:lin how 
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the ccmomy is disrupting and clcstroyillg the ci~rtli's 11ilt111.:1l SYS- 

tems. Economic theory does not explaili why Arctic Sc;i ice is n~clt- 
ing. It does not explain why grasslands are turning into desert in 
northwestern China, why coral reefs are dying in the South Pacific, 
or why the Newfoundland cod fishery collapsed. Nor docs it ex- 
plain why we are in the early stages of the greatest extinction of 
plants and animals since the dinosaurs disappeared 65 million years 
ago. Yet economics is essential to measuring the cost to society of 
these excesses. 

Evidence that the economy is in conflict with the earth's natural 
systems can be seen in the daily news reports of collapsing fisher- 
ies, shrinking forests, eroding soils, deteriorating rangelands, ex- 
panding deserts, rising carbon dioxide (CO,) levels, falling water 
tables, rising temperatures, more destructive storms, melting gla- 
ciers, rising sea level, dying coral reefs, and disappearing species. 
These trends, which mark an increasingly stressed relationship be- 
tween the economy and the earth's ecosystem, are taking a grow- 
ing economic toll. At some point, this could overwhelm the world- 
wide forces of progress, leading to economic decline. The challenge 
for our generation is to  reverse these trends before environmental 
deterioration leads to long-term economic decline, as it did for so 
many earlier civilizations. 

These increasingly visible trends indicate that if the operation 
of the subsystem, the economy, is not compatible with the behav- 
ior of the larger system-the earth's ecosystem-both will eventu- 
ally suffer. The larger the economy becomes relative to  the ecosys- 
tem, and the more it presses against the earth's natural limits, the 
more destructive this incompatibility will be. 

An environmentally sustainable economy-an eco-economy- 
requires that the principles of ecology establish the framework for 
the formulation of economic policy and that economists and ecolo- 
gists work together to fashion the new economy. Ecologists under- 
stand that all economic activity, indeed all life, depends on the earth's 
ecosystem-the complex of individual species living together, in- 
teracting with each other and their physical habitat. These millions 
of species exist in an intricate balance, woven together by food 
chains, nutrient cycles, the hydrological cycle, and the climate sys- 
tem. Economists know how to transl;~tr go;ils illto policy. Econo- 
mists and cc<)logists working togcthcr c;111 <lcs ig~~ :111cl huild ;In c c ~ -  
CCOIIOIII~, OIIC that can s l~sta i~l  1,rogrrss. 

I I I S I  :IS r r c o ~ ~ i i t i o ~ i  tliilt the cartli was not the center of the solar 
\ Y \ I V I I I  SCI I I I C  S ~ ; I K C  f o r  :idvilnces ill astronomy, physics, and re- 
I . I I v < I  \cic~iccs, so will rcco~nition that the economy is not the cen- 
11.r 1 ) 1  o11r worlcl create the conditions to  sustain economic progress 
1 ~ ~ ~ ( 1  I I I I ~ ~ O V C  the hunian condition. After Copernicus outlined his 
1(.vol111io113ry theory, there were two very different worldviews. 
1'l111\c wllo retained the Ptolemaic view of the world saw one world, 

1 ~ ~ ~ < 1  I I I O S C  w1io accepted the Copernican view saw a quite different 
~ I I I I . .  ' I ' lii '  saliie is true today of the disparate worldviews of econo- 
I I I I \ I \  :11111 ecologists. 

I ' l ~ r s r  differences between ecology and economics are funda- 
1111~111.11. I:or example, ecologists worry about limits, while econo- 
I I I I \ I \  I C I I ~  iiot to  recognize any such constraints. Ecologists, taking 
1111.1r c11c from nature, think in terms of cycles, while economists 
611r 111o1.i~ likely to think linearly, or curvilinearly. Economists have 
,I HII . . I I  i:~ith in the market, while ecologists often fail to appreciate 
1111, 111i1rkct adequately. 

'l'lir g:lp between economists and ecologists in their perception 
111 1111. world as the new century begins could not be wider. Econo- 
I I I I ~ I S  hlok :it the unprecedented growth of the global economy 
6111t1 111 i~~tcrnational trade and investment and see a promising fu- 
I I I I C .  with more of the same. They note with justifiable pride that 
1111. fi1111):11 economy has expanded sevenfold since 1950, raising 
I I I I I ~ ) I I I  iro111 $6 trillion of goods and services to $43 trillion in 
JOOO, 1)oosting living standards to levels not dreamed of before. 
1.1 ~ ~ l ~ ~ f i i s l s  look at  this same growth and realize that it is the prod- 
11, I 111 I)l~rl~inp vast quantities of artificially cheap fossil fuels, a 
I I I ~ I C ( ' Y S  tlliit is destabilizing the climate. They look ahead and see 
1111 # I  r. Illlrnsc heat waves, more destructive storms, melting ice caps, 
l ~ ~ ~ f i l  .I rlsil~g sea level that will shrink the land area even as popula- 
I I I I I I  G I I ~ I I ~ I I I I C S  to  grow. While economists see booming economic 
I I I ~ I I U  . I I ~ ~ s .  ecologists see an economy that is altering the climate 
~ 1 1 1 1  c I I I I S ~ ~ ~ L I ~ I I C C S  that no  one can foresee., 

A \  1111. I ICW century gets under way, economists look at grain 
111.11 I,I,I.. . I I I C I  scc the lowcst grain prices in two decades-a sure sign 
I I I . I I  I I L I I I L . I ~ ~ I I  cillxicity is outrunning effective demand, that sup- 
1 , I v  6 I B I I \ I I - ; I ~ I I ~ S  : ~ r c  not likely to be an issue for the foreseeable fu- 
I I I I I . .  I ~ c o l ~ ~ ~ i s l s ,  ~~lr;lnwhile, see water tables falling in key food- 
I I I ~ I ~ ~ I I ~  I I I K  eo11111rirs. :11iiI k110w that 480 million of the world's 6.1 
I * I I I I I I I I  ~ i ~ . ~ l l d c  : I ~ C  11ci11g feel with p a i n  procluccd by overpumping 
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rarely makes it to the sea. China's Yellow River, the cradle of Chi- 
nese civilization, runs dry for part of each year, depriving farmers 
in its lower reaches of irrigation water. The Indus and the Ganges 
barely reach the sea during the dry season. Little water from the 
Nile reaches the Mediterranean at any time. Draining rivers dry 
disrupts the symbiotic relationship between the oceans and the 
continents. The oceans water the continents as moisture-laden air 
masses move inland, and the continents nourish the oceans as the 
returning water carries nutrients with it.15 

Economic demands on forests are also excessive. Trees are be- 
ing cut or burned taster than they can regenerate or be planted. 
Overharvesting is common in many regions, including Southeast 
Asia, West Africa, and the Brazilian Amazon. Worldwide, forests 
are shrinking by over 9 million hectares per year, an area equal to 
Portugal.16 

In addition to being overharvested, some rainforests are now 
being destroyed by fire. Healthy rainforests do not burn, but log- 
ging and the settlements that occur along logging roads have frag- 
mented and dried out tropical rainforests to the point where they 
often will burn easily, ignited by a lightning strike or set afire by 
opportunistic plantation owners, farmers, and ranchers desiring 
more land. 

In the late summer of 1997, during an El Nifio-induced drought, 
tropical rainforests in Borneo and Sumatra burned out of control. 
This conflagration made the news because the smoke drifting over 
hundreds of kilometers affected people not only in Indonesia but 
also in Malaysia, Singapore, Viet Nam, Thailand, and the Philip- 
pines. A reported 1,100 airline flights in the region were canceled 
due to the smoke. Motorists drove with their headlights on during 
the day, trying to make their way through the thick haze. Millions 
of people became physically sick. l7 

Deforestation can be costly. Record flooding in the Yangtze River 
basin during the summer of 1998 drove 120 million people from 
their homes. Although initially referred to as a "natural disaster," 
the removal of 85 percent oi  the original tree cover in the basin 
had left little vegetative cover to hold the heavy rainfall.18 

Deforestation also diminishes the recycling of water inland, thus 
reducing rainfall in the interior of continents. When rain falls on a 
healthy stand of dense forest, roughly one fourth runs off, return- 
ing to the sea, while three fourths cvapr>r:itcs. cithcr directly or 

I Ilror~gli tr:inspiration. When land is cleared for farming or grazing 
1)r is olcarout by loggers, this ratio is reversed-three fourths of the 
water returns to the sea and one fourth evaporates to be carried 
fi~rthcr inland. As deforestation progresses, nature's mechanism for 
watering the interior of large continents such as Africa and Asia is 
wcakening.19 

Evidence of excessive human demands can also be seen in the 
oceans. As the human demand for animal protein has climbed over 
thc last several decades, it has begun to exceed the sustainable yield 
of oceanic fisheries. As a result, two thirds of oceanic fisheries are 
11ow being fished at their sustainable yield or beyond. Many are 
collapsing. In 1992, the rich Newfoundland cod fishery that had 
lxen supplying fish for several centuries collapsed abruptly, cost- 
ing 40,000 Canadians their jobs. Despite a subsequent ban on fish- 
ing, nearly a decade later the fishery has yet to recover.z0 

Farther to the south, the U.S. Chesapeake Bay has experienced 
:I similar decline. A century ago, this extraordinarily productive 
estuary produced over 100 million pounds of oysters a year. In 
1999, it produced barely 3 million pounds. The Gulf of Thailand 
fishery has suffered a similarly dramatic decline: depleted by over- 
fishing, the catch has dropped by over 80 percent since 1963, 
prompting the Thai Fisheries Department to ban fishing in large 
areas."' 

The world is also losing its biological diversity as plant and ani- 
mal species are destroyed faster than new species evolve. This bio- 
logical impoverishment of the earth is the result of habitat destruc- 
tion, pollution, climate alteration, and hunting. With each update 
of its Red List of Threatened Species, the World Conservation 
Union-IUCN shows us moving further into a period of mass ex- 
tinction. In the latest assessment, released in 2000, IUCN reports 
that one out of eight of the world's 9,946 bird species is in danger 
of extinction, as is one in four of the 4,763 mammal species and 
 early one third of all 25,000 fish species.zz 

Some countries have already suffered extensive losses. Austra- 
lia, for example, has lost 16 of 140 mammal species over the last 
two centuries. In the Colorado River system of the southwestern 
h i t e d  States, 29 of 50 native species of fish have disappeared partly 
hccause their river habitats were drained dry. Species lost cannot 
bc regained. As popular bumper sticker aptly points out, "Ex- 
ti~iction is forcvcr."'.' 



The economic benefits of the earth's diverse array of life are 
countless. They include not only the role of each species in main- 
taining the particular ecosystem of which it is a part, but economic 
roles as well, such as providing drugs and germplasm. As diversity 
diminishes, nature's pharmacy shrinks, depriving future generations 
of new discoveries. 

Even as expanding economic activity has been creating biologi- 
cal deficits, it has been upsetting some of nature's basic balances in 
other areas. With the huge growth in burning of fossil fuels since 
1950, carbon emissions have overwhelmed the capacity of the 
earth's ecosystem to fix carbon dioxide. The resulting rise in atmo- 
spheric CO, levels is widely believed by atmospheric scientists to 
be responsible for the earth's rising temperature. The 14 warmest 
years since recordkeeping began 1866 have all occurred since 
1980.'+ 

One consequence of higher temperatures is more energy driving 
storm systems. Three powerful winter storms in France in Decem- 
ber 1999 destroyed millions of trees, some of which had been stand- 
ing for centuries. Thousands of buildings were demolished. These 
storms, the most violent on record in France, wreaked more than 
$10 billion worth of damage-$170 for each French citizen. Na- 
ture was levying a tax of its own on fossil fuel burning." 

In October 1998, Hurricane Mitch-one of the most powerful 
storms ever to come out of the Atlantic-moved through the Car- 
ibbean and stalled for several days on the coast of Central America. 
While there, it acted as a huge pump pulling water from the ocean 
and dropping it over the land. Parts of Honduras received 2 meters 
of rainfa11 within a few days. So powerful was this storm and so 
vast the amount of water it dropped on Central America that it 
altered the topography, converting mountains and hills into vast 
mud flows that simply inundated whole villages, claiming an esti- 
mated 10,000 lives. Four fifths of the crops were destroyed. The 
huge flow of rushing water removed all the topsoil in many areas, 
ensuring that this land will not be farmed again during our life- 
t i m e ~ . ~ ~  

The overall economic effect of the storm was devastating. The 
wholesale destruction of roads, bridges, buildings, and other infra- 
structure set back the development of Honduras and Nicaragua by 
decades. The estimated $8.5 billion worth of tl:im:i~e in the region 
approached thc gross domestic product of Ii~ltli co~l~ltries c~rnhined.~'  

N;itur:il dis:istcrs are on the increase. Munich Re, one of the 
w~)rid's largcst rc-insurance companies, reported that three times 
.IS nl:iny great natural catastrophes occurred during the 1990s as 
t l ~ ~ r i ~ i g  the 1960s. Economic losses increased eightfold. Insured 
I~~sscs multiplied 15-fold. Although Munich Re's classification does 
I I O ~  distinguish between natural and human-induced catastrophes, 
tttt~ch of the increase appears t o  be due to catastrophes, including 
st orms, droughts, and wild fires that are either exacerbated or caused 
11y human ac t i v i t i e~ .~~  

Insurers are keenly aware that even modest changes in climate 
c;in lead to quantum jumps in damage. For example, a 10-percent 
illcrease in a storm's wind speed can double the damage it inflicts. 
'l'lic cost of dealing with rising sea level from a modest temperature 
rise could easily overwhelm the economies of many countries.29 

Andrew Dlugolecki, a senior officer a t  the CGMU Insurance 
( ;roup-Britain's largest insurance group-reports that property 
1l:image worldwide is rising roughly 10 percent a year. He believes 
tl1:it we are only beginning t o  see the economic fallout from cli- 
Ili;ite change. At this rate of growth, by 2065 the amount of dam- 
;igr would exceed the projected gross world product. Well before 
tlirn, Dlugolecki notes, the world would face bankruptcy." 

I'erhaps the most disturbing consequence of rising temperature 
IS  ice melting. Over the last 35  years, the ice covering the Arctic Sea 
Il:is thinned by 42  percent. A study by two Norwegian scientists 
projccts that within 50 years there will be no summer ice left in the 
Arctic Sea. The discovery of open water a t  the North Pole by an ice 
I,rcaker cruise ship in mid-August 2000 stunned many in the scien- 
tific ~ o m m u n i t y . ~ ~  

This particular thawing does not affect sea level because the ice 
that is melting is already in the ocean. But the Greenland ice sheet 
is also starting to melt. Greenland is three times the size of Texas 
,111d the ice sheet is up to 2 kilometers (1.2 miles) thick in some 
:Il.c;is. An article in Science notes that if the entire ice sheet were t o  
~llclt, it would raise sea level by some 7 meters (23 feet), inundating 
the world's coastal cities and Asia's rice-growing river floodplains. 
I,:vcn a 1-meter rise would cover half of Bangladesh's riceland, drop- 
ping food production below the survival level for millions of 
j ) c o j ~ I ~ . ' ~  

As thc twenty-first century begins, humanity is being squeezed 
I)r~wcen ~lcscrts rxl>:i~~tli~ig ourw:ird and rising seas encroaching 
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inward. Civilization is being forced to retreat by forces it has cre- 
ated. Even as population continues to grow, the habitable portion 
of the planet is shrinking 

Aside from climate change, the economic effects of environmental 
destruction and disruption have been mostly l oca l~o l l aps ing  fish- 
eries, abandoned cropland, and shrinking forests. Bur if local dam- 
age keeps accumulating, it will eventually affect global economic 
trends. ln  an increasingly integrated global economy, local ecosys- 
tem collapse can have global economic consequences. 

Lessons from the Past 
In The Collapse of Complex Civilizations, Joseph Tainter describes 
the decline of early civilizations and speculates about the causes. 
Was it because of the degradation of their environment, climate 
change, civil conflict, foreign invaders? Or, he asks, "is there some 
mysterious internal dynamic to the rise and fall of  civilization^?"^^ 

As he ponders the contrast between civilizations that once flour- 
ished and the desolation of the sites they occupied, he quotes ar- 
cheologist Robert McC. Adams, who described the site of the an- 
cient Sumerian civilization located on the central floodplain of the 
Euphrates River, an empty, desolate area now outside the frontiers 
of cultivation. Adams described how the "tangled dunes, long dis- 
used canal levees, and the rubble-strewn mounds of former settle- 
ment contribute only low, featureless relief. Vegetation is sparse, 
and in many areas it is almost wholly absent .... Yet at one time, 
here lay the core, the heartland, the oldest urban, literate civiliza- 
tion in the world."34 

The early Sumerian civilization of the fourth millennium BC 
was remarkable, advancing far beyond any that had existed be- 
fore. Its irrigation system, based on sophisticated engineering con- 
cepts, created a highly productive agriculture, one that enabled farm- 
ers to produce a surplus of food that supported the formation of 
the first cities. Managing the irrigation system required a complex 
social organization, one that may have been more sophisticated 
than any that had gone before. The Sumerians had the first cities 
and the first written language, the cuneiform script. They were prob- 
ably as excited about it as we are today about the Intern~t . '~  

It was an extraordinary civilization, but there was an environ- 
mental flaw in the design of the irrigation system, one that would 
cvcntuaily undermine its agricultural econorlly. W;~tcr from behind 

O . I I I I \  W : I ~  div~~rtcd onto the land, r~lisinl: crop yiclds. Somc of the 
w:~tcr was uscd by the crops, some evaporated into the atmosphere, 
;111(1 s0111e p c r c ~ l a t ~ d  downward. Over time, this percolation slowly 
r:~iscd thc water table until eventually it approached the surface of 
111r land. When it reached a few feet from the surface it began to  
~rcstrict the growth of deep-rooted crops. Somewhat later, as the 
w;ltcr climbed to within inches of the surface, it began to  evapo- 
~r;rrc into the atmosphere. As this happened, the salt in the water 
w.~s  left behind. Over time, the accumulation of salt reduced the 
~woducrivit~ of the land. The environmental flaw was that there 
w;ls no provision for draining the water that percolated down- 
w:~rd.'" 

The initial response of the Sumerians to  declining wheat yields 
w;ls to  shift to barley, a more salt-tolerant plant. But eventually the 
yiclds of barley also declined. The resultant shrinkage of the food 
sl~pply undermined the economic foundation of this great civiliza- 
I 

The New World counterpart to Sumer is the Mayan civilization 
111at developed in the lowlands of what is now Guatemala. It flour- 
ished from AD 250 until its collapse around AD 900. Like the 
4umerians, the Mayans had developed a sophisticated, highly pro- 
cluctive agriculture, one that relied on raised plots of earth sur- 
ro~lnded by canals that supplied water? 

As with Sumer, the Mayan demise was apparently linked to a 
i;iiling food supply. For this New World civilization, it was defor- 
cstation and soil erosion that undermined agriculture. Food scar- 
'ity may then have triggered civil conflict among the various Mayan 
cities as they competed for 

lluring the later centuries of the Mayan civilization, a new soci- 
rty was evolving on Easter Island, some 166 square kilometers of 
land in the South Pacific roughly 3,200 kilometers west of South 
America and 2,200 kilometers from Pitcairn Island, the nearest 
I1;ibitation. Settled around AD 400, this civilization flourished on 
;I volcanic island with rich soils and lush vegetation, including trees 
rli;~t grew 25 meters tall with trunks 2 meters in diameter. Archeo- 
logical records indicate that the islanders ate mainly seafood, prin- 
c.il)i~lly dolphins-a mammal that could only be caught by har- 
IX)(III from large sea-going canoes since it was not locally available 
i l l  largc n~nibers .~"  

'l'hc Eastcr Isl:~ncl society flourished for several centuries, reach- 
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ing an estimated population of 20,000. As its human numbers 
gradually increased, tree cutting exceeded the sustainable yield of 
forests. Eventually the large trees needed to build the sturdy, ocean- 
going canoes disappeared, depriving islanders of access to the dol- 
phins, thus dramatically shrinking the island's seafood supply. The 
archeological record shows that at some point human bones be- 
came intermingled with the dolphin bones, suggesting a desperate 
society that had resorted to  cannibalism. Today the island is occu- 
pied by some 2,000 people.41 

These are just three of the early civilizations that declined ap- 
parently because at  some point they moved onto an economic path 
that was environmentally unsustainable. We, too, are on such a 
path. Any one of several trends of environmental degradation could 
undermine civilization as we know it. Just as the irrigation system 
that defined the early Sumerian economy had a flaw, so too does 
the fossil fuel energy system that defines our modern economy. It is 
raising CO, levels in the atmosphere and thus altering the earth's 
climate. 

Whether it was from the salting of the land in Sumer, the soil 
erosion of the Mayans, or the loss of the distant-water fishing ca- 
pacity of the Easter Islanders, collapse of the early civilizations ap- 
pears to  have been associated with a decline in food supply. Today 
the addition of 80 million people a year to world population at a 
time when water tables are falling suggests that food supplies again 
may be the vulnerable link between the environment and the 
economy.42 

The Sumerians did not know that the New World even existed, 
much less that it would one day support flourishing civilizations, 
such as the Mayans. The Mayans had no idea that Easter Island 
existed. Each of these civilizations collapsed in isolation, with no 
effect on the others. But today, in an integrated global economy, a 
collapse in one country or region will affect all of us. Even a cur- 
rency devaluation in a developing country, such as Indonesia, can 
send shock waves through Wall Street half a world away. 

One unanswerable question about these earlier civilizations was 
whether they knew what was causing their decline. Did the 
Sumerians understand that rising salt content in the soil was reduc- 
ing their wheat yields? If they knew, were they simply unable to 
muster the political support needed to lower water tables, just as 
we today are struggling unsuccessfully t o  lowcr c;irhol~ emissions? 

I.carning from China 

' I ' I I c  flow of startling information from China helps us understand 
wliy our economy cannot take us where we want to  go. Not only is 
( :liitia thc world's most populous country, with nearly 1.3 billion 
l i ~ ~ ~ p l e ,  but since 1980 it has been the world's fastest-growing 
~ .~ .onon~~-ex~and ing  more than fourfold. In effect, China is tele- 
scoping history, demonstrating what happens when large numbers 
of poor people rapidly become more affluent.*' 

As incomes have climbed in China, so has consumption. The 
(:hinese have already caught up with Americans in pork consump- 
tion per person and they are now concentrating their energies on 
increasing beef production. Raising per capita beef consumption 
in (:hina to that of the average American would take 49 million 
:~ilditional tons of beef. If all this were to come from putting cattle 
it1 feedlots, American-style, it would require 343 million tons of 
~ r n i n  a year, an amount equal to the entire U.S. grain harvest.44 

In Japan, as population pressures on the land mounted during a 
 o om parable stage of its economic development, the Japanese turned 
to the sea for their animal protein. Last year, Japan consumed nearly 
I0 million tons of seafood. If China, with 10 times as many people 

;IS Japan, were to try to move down this same path, it would need 
100 million tons of seafood-the entire world fish catch.4' 

In 1994, the Chinese government decided that the country would 
develop an automobile-centered transportation system and that the 
automobile industry would be one of the engines of future eco- 
nomic growth. Beijing invited major automobile manufacturers, 
such as Volkswagen, General Motors, and Toyota, to invest in 
China. But if Beijing's goal of an auto-centered transportation sys- 
tom were to materialize and the Chinese were to have one or two 
cars in every garage and were to  consume oil at the U.S. rate, China 
would need over 80 million barrels of oil a day-slightly more 
than the 74 million barrels per day the world now produces. To 
provide the required roads and lots, it would also need to 
pave some 1 6  million hectares of land, an  area equal to half the 
size of the 31  million hectares of land currently used to  produce 
the country's 132-million-ton annual harvest of rice, its leading 
food staple.4" 

Similarly, consider paper. As China modernizes, its paper con- 
sumption is rising. If annual paper use in China of 35 kilograms 
lwr puson wvrc t ( ~  climh to  the U.S. level of 342 kilograms, China 



would need more paper than the world currently produces. There 
go the world's forests.-" 

We are learning that the western industrial development model 
is not viable for China, simply because there are not enough re- 
sources for it to work. Global land and water resources are not 
sufficient to satisfy the growing grain needs in China if it continues 
along the current economic development path. Nor will the exist- 
ing fossil-fuel-based energy economy supply the needed energy, sim- 
ply because world oil production is not projected to rise much above 
current levels in the years ahead. Apart from the availability of oil, 
if carbon emissions per person in China ever reach the U.S. level, 
this alone would roughly double global emissions, accelerating the 
rise in the atmospheric CO, level.4B 

China faces a formidable challenge in fashioning a development 
strategy simply because of the density of its population. Although 
it has almost exactly the same amount of land as the United States, 
most of China's 1.3 billion people live in a 1,500-kilometer strip 
on the eastern and southern coasts. Reaching the equivalent popu- 
lation density in the United States would require squeezing the en- 
tire U.S. population into the area east of the Mississippi and then 
multiplying it by four."Y 

Interestingly, the adoption of the western economic model for 
China is being challenged from within. A group of prominent sci- 
entists, including many in the Chinese Academy of Sciences, wrote 
a white paper questioning the government's decision to develop an 
automobile-centered transportation system. They pointed out that 
China does not have enough land both to feed its people and to  
provide the roads, highways, and parking lots needed to accom- 
modate the automobile. They also noted the heavy dependence on 
imported oil that would be required and the potential air pollution 
and traffic congestion that would result if they followed the U.S. 
path.jO 

If the fossil-fuel-based, automobile-centered, throwaway 
economy will not work for China, then it will not work for India 
with its 1 billion people, or  for the other 2 billion people in the 
developing world. In a world with a shared ecosystem and an in- 
creasingly integrated global economy, it will ultimately not work 
for the industrial economies either. 

China is showing that the world cannot remain for long on the 
current economic path. It is underlining the urgency of rcstrllcrilr- 

111): ~ I i c  gloli:il CCOIIOII I~ ,  ot I>uilcling ;i ncw economy-an economy 
~lc.s~g~iccl for tlic carth. 

l'lic Accclcration of History 

'I'lic p;icc of change is reaching an extraordinary rate, driven in 
1x11~ by technological innovation. Bill Joy, cofounder and chief sci- 
entist of Sun Microsystems, warned in an early 2000 article in Wired 
11i;ig;lzine that  rapid advances in  robotics, genomics, and 
~i;inotechnology could yield potentially unmanageable problems. 
I lc is particularly concerned that our growing dependence on ever 
Inorc intelligent computers could one day enable them to domi- 
11;itc  US.^' 

Kapidly advancing technology is accelerating history, making it 
~Iifficult for social institutions to manage it effectively. This is also 
true for unprecedented world population growth, even faster eco- 
11omic growth, and the increasingly frequent collisions between the 
expanding economy and the limits of the earth's natural systems. 
'I'lie current rate of change has no precedent. 

Until recently, population growth was so slow that it aroused 
little concern. But since 1950 we have added more people to world 
population than during the preceding 4 million years since our early 
:ilicestors first stood upright. Economic expansion in earlier times 
was similarly slow. To illustrate, growth in the world economy 
during the year 2000 exceeded that during the entire nineteenth 
ccntury.i2 

Throughout most of human history, the growth of population, 
the rise in income, and the development of new technologies were 
so slow as to be imperceptible during an individual life span. For 
example, the climb in grainland productivity from 1.1 tons per 
licctare in 1950 to 2.8 tons per hectare in ZOO0 exceeds that during 
the 11,000 years from the beginning of agriculture until 1950." 

The population growth of today has no precedent. Throughout 
~iiost of our existence as a species, our numbers were measured in 
the thousands. Today, they measure in the billions. Our evolution 
Ii:is prepared us to deal with many threats, but perhaps not with 
rlie threat we pose to ourselves with the uncontrolled growth in 
our own numbers. 

The world economy is growing even faster. The sevenfold growth 
In global outpiit of goods and services since 1950 dwarfs anything 
i l l  history. I I I  (Iir r;~~.lier stages of the Industrial Revolution, eco- 
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noinic expansion rarely exceeded I or L percent a year. Developing 
countries that are industrializing now are doing so much faster 
than their predecessors simply because they do not have to invent 
the technologies needed by a modern industrial society, such as 
power plants, automobiles, and refrigerators. They can simply draw 
on the experiences and technology of those that preceded them.54 

More sophisticated financial institutions enable societies to 
mobilize the capital needed for investment today more easily than 
in the past. As a result, the countries that were successfully indus- 
trializing in the late twentieth century did so at a record rate. Eco- 
nomic growth in the developing countries of East Asia, for instance, 
has averaged almost 7 percent annually since 1990-far higher than 
growth rates in industrial countries at any time in their history.ss 

In another example of rapid change, since 1974 some 28 new 
infectious diseases have been identified-ranging from HIV, which 
has claimed 22 million lives, to new variant Creutzfeldt-Jakob dis- 
ease, the human form of bovine spongiform encephalopathy ("mad 
cow disease"), with nearly 100 known cases. Some disease agents 
are new; others that were located in remote regions are simply be- 
ing linked to the rest of the world by modern transport systems.s6 

The pace of history is also accelerating as soaring human de- 
mands collide with the earth's natural limits. National political lead- 
ers are spending more time dealing with the consequences of the 
collisions described earlier--collapsing fisheries, falling water tables, 
food shortages, and increasingly destructive storms-along with a 
steadily swelling international flow of environmental refugees and 
the many other effects of overshooting natural limits. As change 
has accelerated, the situation has evolved from one where indi- 
viduals and societies change only rarely to one where they change 
continuously. They are changing not only in response to growth 
itself, but also to the consequences of growth. 

The central question is whether the accelerating change that is 
an integral part of the modern landscape is beginning to exceed the 
capacity of our social institutions to cope with change. Change is 
particularly difficult for institutions dealing with international or 
global issues that require a concerted, cooperative effort by many 
countries with contrasting cultures if they are to succeed. For ex- 
ample, sustaining the existing oceanic fish catch may be possible 
only if numerous agreements are reached among countries on the 
limits to fishing in individual oceanic fisheries. And can govcrn- 

~ ~ i c t ~ t s ,  working together at the global level, move fast enough to 
st,~bilizc climate before it disrupts economic progress? 

'l'hc issue is not whether we know what needs to be done or 
whether we have the technologies to do it. The issue is whether our 
social institutions are capable of bringing about the change in the 
time available. As H.G. Wells wrote in The Outline of History, 
"Human history becomes more and more a race between educa- 
tion and catastrophe."" 

'The Option: Restructure or Decline 

Whether we study the environmental undermining of earlier civili- 
zations or look at how adoption of the western industrial model 
hy China would affect the earth's ecosystem, it is evident that the 
existing industrial economic model cannot sustain economic 
progress. In our shortsighted efforts to sustain the global economy, 
as currently structured, we are depleting the earth's natural capital. 
We spend a lot of time worrying about our economic deficits, but 
it is the ecological deficits that threaten our long-term economic 
future. Economic deficits are what we borrow from each other; 
ecological deficits are what we take from future generations." 

Herman Daly, the intellectual pioneer of the fast-growing field 
of ecological economics, notes that the world "has passed from an 
era in which manmade capital represented the limiting factor in 
economic development (an 'empty' world) to an era in which in- 
creasingly scarce natural capital has taken its place (a 'full' world)." 
When our numbers were small relative to the size of the planet, it 
was humanmade capital that was scarce. Natural capital was abun- 
dant. Now that has changed. As the human enterprise continues to 
expand, the products and services provided by the earth's ecosys- 
tem are increasingly scarce, and natural capital is fast becoming the 
limiting factor while humanmade capital is increasingly abundant.s9 

Transforming our environmentally destructive economy into one 
that can sustain progress depends on a Copernican shift in our 
economic mindset, a recognition that the economy is part of the 
earth's ecosystem and can sustain progress only if it is restructured 
so that it is compatible with it. The preeminent challenge for our 
generation is to design an eco-economy, one that respects the prin- 
ciples of ecology. A redesigned economy can be integrated into the 
ecosystem in n way that will stabilize the relationship between the 
two, cnahling econo~nic progress to continue. 



Il~ifortun:ltcl~, present-day eco1101\11cs docs not provide the con- 
~ .cpt~tal  framework needed to build such an economy. It will have 
to be designed with an understanding of basic ecological concepts 
such as sustainable yield, carrying capacity, nutrient cycles, the hy- 
drological cycle, and the climate system. Designers must also know 
that natural systems provide not only goods, but also services- 
services that are often more valuable than the goods. 

We know the kind of restructuring that is needed. In simplest 
terms, our fossil-fuel-based, automobile-centered, throwaway 
economy is not a viable model for the world. The alternative is a 
solarlhydrogen energy economy, an urban transport system that is 
centered on advanced-design public rail systems and that relies more 
on the bicycle and less on the automobile, and a compreherisive 
reuselrecycle economy. And we need to stabilize population as soon 
as possible. 

How d o  we achieve this economic transformation when all eco- 
nomic decisionmakers-whether political leaders, corporate plan- 
ners, investment bankers, or individual consumers-are guided by 
market signals, not the principles of ecological sustainability? How 
d o  we integrate  ecological awareness  in to  economic 
decisionmaking? Is it possible for all of us who are making eco- 
nomic decisions to  "think like ecologists," to understand the eco- 
logical consequences of our decisions? The answer is probably not. 
It simply may not be possible. 

But there may be another approach, a simpler way of achieving 
our goal. Everyone making economic decisions relies on market 
signals for guidance. The problem is that the market often fails to  
tell the ecological truth. It regularly underprices products and srr- 
vices by failing to incorporate the environmental costs of provid- 
ing them. 

Compare, for example, the cost of wind-generated electricity 
with that from a coal-fired power plant. The cost of the wind- 
generated electricity reflects the costs of manufacturing the turbine, 
installing it, maintaining it, and delivering the electricity to con- 
sumers. The cost of the coal-fired electricity includes building the 
power plant, mining the coal, transporting it to the power plant, 
and distributing the electricity to consumers. What it does not in- 
cludc is the cost of climate disruption caused by carbon emissiorls 
from coal burning-whether it be more destructive storms, melt- 
ing icc ca1>s, rising sea level, or rccortl hc:it waves. Nor docs it 

i1tc111~1v ~ l i c  <I:it~t;~ge to ircsliw;itcr lakes and forests from acid rain, 
(11. thc l ~ r ; ~ l t l ~  carc costs of treating respiratory illnesses caused by 
;iir ~x>llution. Thus the market price of coal-fired electricity greatly 
~~ndcrstates its cost to society. 

One way to remedy this situation would be to have environ- 
mental scientists and economists work together to calculate the 
cost of climate disruption, acid rain, and air pollution. This figure 
could then be incorporated as a tax on coal-fired electricity that, 
when added to the current price, would give the full cost of coal 
IISC. This procedure, followed across the board, would mean that 
: I I I  economic decisionmakers-governments and individual consum- 
crs-would have the information needed to make more intelligent, 
~~co log i ca l l~  responsible decisions. 

We can now see how to restructure the global economy so as to 
rcstore stability between the economy and the ecosystem on which 
ir rests. When I helped to  pioneer the concept of environmenrally 
sustainable economic development some 27 years ago, at the newly 
tormed Worldwatch Institute, I had a broad sense of what the new 
cconomy would look like. Now we can see much more of the de- 
tail. We can build an eco-economy with existing technologies. It is 
economically feasible if we can get the market to tell us the full I cost 
of the products and services that we buy. 

The question is not how much will it cost to make this transfor- 
 nation but how much it will cost if we fail to do it. 0ystein Dahle, 
rctired Vice President of Esso for Norway and the North Sea, ob- 
serves, "Socialism collapsed because it did not allow prices to tell 
the economic truth. Capitalism may collapse because it does not 
:illow prices to tell the ecological truth."ho 

This book has three purposes. The first is to make the case that 
wc have no alternative to restructuring the economy if we want 
cconomic progress to continue in the decades ahead. The second is 
to describe not only the broad structure of the eco-economy, but 
scmle of its details. And the third is to outline a strategy for getting 
from here to there in the time available. 

Building an eco-economy is exciting and satisfying. It means we 
<:In live in a world where energy comes from wind turbines instead 
( ~ f  coal mines, where recycling industries replace mining industries, 
:111d where cities are designed for people, not for cars. And perhaps 
~tiost important of all, we will have the satisfaction of building an 
ccotiorny rt i ; i r  will support, not undermine, future generations. 





Signs of Stress: 
Climate and Water 

On August 19, 2000, the New York Times reported that an ice- 
breaker cruise ship had reached the North Pole only to discover 
this famous frozen site was now open water. For a generation that 
grew up reading the harrowing accounts of explorers such as Ameri- 
can Richard Byrd trying to reach the North Pole as they battled 
hitter cold, ice, and snow, this new view taxed the imaginati0n.l 

In its many earlier trips to the North Pole, the cruise ship had 
allowed passengers to disembark in order to be photographed stand- 
Ing on the ice. This time, the ship had to move several miles away 
to find ice thick enough for the photo session. If the explorers of a 
century or so ago had been trekking to the North Pole in the sum- 
~ner  of 2000, they would have had to swim the last few miles. 

Media reports of melting ice typically focus on individual gla- 
ciers or ice caps, but the ice is melting almost everywhere. Given 
that the 14 warmest years since recordkeeping began in 1866 have 
:ill occurred since 1980, this does not come as a surprise.2 

Water shortages are also in the news. Some of the world's major 
rivers are being drained dry, failing to reach the sea. Among them 
i s  the Colorado, the major river in the southwestern United States. 
111 (:him, thc Ycllow River, the northernmost of thecountry's two 



major rivers, no longer i-c;iclics tlic sc ;~ h ~ r  part of c.1~11 year. In 
Central Asia, the Amu Darya sometimes fails to reach the Aral Sea 
because it has heen drained dry by upstream irrigation..' 

Wells are going dry on every continent. As population expands 
and incomes rise, the demand for water is simply outrunning the 
supply in many countries. Those with money drill deeper wells, 
chasing the water table downward. Those unable to deepen their 
wells are left in a difficult position. 

The situation promises to become far more precarious, since 
the 3.2 billion people being added to world population by 2050 
will be born in countries already facing water scarcity. With 40 
percent of the world food supply coming from irrigated land, wa- 
ter scarcity directly affects food security. If we are facing a future of 
water scarcity, we are also facing a future of food scarcity.4 

Temperature Rising 

Since agriculture hegan, the earth's climate has been remarkably 
stable. Now the earth's temperature is rising, apparently due to the 
greenhouse effect-the warming that results from the rising con- 
centration of heat-trapping gases, principally carhon dioxide (COz), 
in the atmosphere. 

This rise in COz concentration comes from two sources: the 
burning of fossil fuels and deforestation. Each year, more than 6 
billion tons of carhon are released into the atmosphere as fossil 
fuels are burned. Estimates of the net release of carhon from defor- 
estation vary widely, but they center on 1.5 billion tons per year.5 

The release of C 0 2  from these two sources is simply overwhelm- 
ing nature's capacity to fix carbon dioxide. When the Industrial 
Revolution began in 1760, carbon emissions from the burning of 
fossil fuels were negligible. But by 1950, they had reached 1.6 hil- 
lion tons per year, a quantity that was already boosting the atmo- 
spheric COz level. In 2000, they totaled 6.3 billion tons. (See Fig- 
ure 2-1.) This fourfold increase since 1950 is at  the heart of the 
greenhouse effect that is warming the earth.6 

The carhon emissions of individual fossil fuels vary. Coal burn- 
ing releases more carhon per unit of energy produced than oil does, 
and oil more than natural gas. The global fleet of 532 million gaso- 
line-burning automobiles, combined with thousands of coal-fired 
power plants, are literally the engines driving climate change.' 

In addition, in recent years the world has been losing 9  nill lion 

Figure 2-1. World Carbon Emissions from 
Fossil Fuel Burning, 1900-2000 

hectares of forest per year. Forests store easily 20 times as much 
carbon per hectare as does land in crops. If the net !oss of forests 
can he eliminated, this source of carbon emissions will disappear. 
In the northern hemisphere, the forested area is actually increasing 
I)y 3.6 million hectares a year. The big challenge is to arrest and 
reverse the deforestation in developing countries.* 

At the start of the Industrial Revolution in 1760, the atmospheric 
( : 0 2  concentration was estimated at  280 parts per million (ppm). 
I%y 2000, it had reached 370 ppm, a rise of 32 percent from pre- 
industrial levels. (See Figure 2-2.) The buildup of atmospheric COr 
from 1960 to  2000 of 54 ppm far exceeded the 36 ppm rise from 
1760 to 1960.9 

Atmospheric CO2 levels have risen each year since annual mea- 
surements hegan in 1959, making this one of the most predictable 
of all environmental trends. Physics textbooks point out that as 
:~tmospheric COz levels rise, so will the earth's temperature, and 
this is exactly what is happening. As noted earlier, the 14 warmest 
ycars since recordkeeping began have all come since 1980. Over 
thc last three decades, global average temperature has risen from 
1.3.99 degrees Celsius in 1969-71 to 14.43 degrees in 1998-2000, 

:I aain of 0.44 degrees Celsius (0.8 degrees Fahrenheit).lo 
The dramatic rise in the earth's temperature since 1980 can be 

clc:irly sccn ill Figure 2-3. Not only is it rising rapidly, but it is 
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Figure 2-2. Atmospheric Concentrations of 
Carbon Dioxide, 1760-2000 

projected to rise even faster in the next century. If COzconcentra- 
tions in the atmosphere double pre-industrial levels by the end of 
this century, reaching 560 ppm, the temperature is projected to rise 
by 1.4-5.8 degrees Celsius. Rising temperatures lead t o  more ex- 
treme climatic events-record heat waves, the melting of ice, rising 
sea level, and more destructive storms." 

Projected temperature rises will not be distributed evenly over 
the earth's surface, but will be greater over land areas than over the 
oceans and also greater in the higher latitudes than in the equato- 
rial regions. Inland regions in northern latitudes can expect some 
of the biggest temperature jumps. A taste of what is t o  come can be 
seen in the July 1995 heat wave in Chicago, when temperatures 
reached 38-41 degrees Celsius (100-106 degrees Fahrenheit) on 
five consecutive days. Although Chicago is a modern industrial 
city with extensive air conditioning, this heat wave claimed more 
than 500 lives. And because Chicago is in the center of the U.S. 
Corn Belt, the intense heat also helped shrink the 1995 U.S. corn 
harvest by some 15 percent or $3 billion.LZ 

The Ice Is Melting 

Ice melting is one of the most visible manifestation of global warm- 
ing. Sometimes the evidence that mountain glaciers are melting takes 
novcl forms. In late 1991, hikers in the southwestern Alps 0 1 1  the 

Figure 2-3. Auerage Temperature at the 
Earth's Surf~ce, 1866-2000 

Austrian-Italian border discovered an intact male human body pro- 
truding from a glacier. Apparently trapped in a storm more than 
5,000 years ago and quickly covered with snow and ice, his body 
was remarkably well preserved. In 1999, another body was found 
in a melting glacier in the Yukon Territory of western Canada. As I 
noted at the time, our ancestors are emerging from the ice with a 
message for us: the earth is getting warmet." 

In the Arctic Ocean, sea ice is melting fast. As recently as 1960, 
thc Arctic sea ice was nearly 2 meters thick. In 2001, it averaged 
scarcely a meter. Over the last four decades, the ice sheet has thinned 
Iiy 42  percent and it has shrunk in area by 6 percent. Together, this 
thinning and shrinkage have reduced the Arctic Ocean ice mass by 
nearly half. This rapid melting is expected to continue. A recent 
study by two Norwegian scientists projects that within 50 years 
the Arctic Ocean could be ice-free during the summer.14 

In 2000, four U.S. scientists published an article in Science re- 
porting that the vast Greenland ice sheet is starting to melt. Lying 
largely within the Arctic Circle, Greenland is gaining some ice in 
higher elevations on its northern reaches, but it is losing much more 
;it lower elevations, particularly along its southern and eastern 
coasts. This huge island of 2.2 million square kilometers (three 
times the size of Tcxas) is experiencing a net loss of 51 billion cubic 
IIICIPTS of WLICCT cnc.)i yc;ir, an amount approaching two thirds of 
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trend.2" 
Researchers are discovering that a modest rise in temperature of 

1-2 degrees Celsius in mountainous regions can dramatically alter 
the precipitation mix, increasing the share falling as rain while de- 
creasing the share coming down as snow. The result is more flood- 
ing during the rainy season, a shrinking snowlice mass, and less 
snowmelt to feed rivers during the dry season.21 

These "reservoirs in the sky," where nature stores fresh water 
for use in the summer as the snow melts, have been there ever since 
irrigation began, supplying farmers with water for several thou- 
sand years. Now suddenly, in a matter of years, they are shrinking 
and some could disappear entirely, sharply reducing the water sup- 
ply for irrigation and for cities. 

If the massive snowlice sheet in the Himalayas-which is the 
third largest in the world, after the Antarctic and Greenland ice 
sheets-continues to melt, it will affect the water supply of much 
of Asia. All of the region's major rivers-the Indus, Ganges, 
Mekong. Yangtze, and Yellow-originate in the Himalayas. Melt- 
ing in this area could alter the hydrology of several Asian coun- 
tries, including Pakistan, India, Bangladesh, Thailand, Viet Nam, 
and China. Less snowmelt in the summer dry season t o  feed rivers 
could worsen the hydrological poverty already afflicting so many 
in the region.22 

We don't have to sit idly by as this scenario unfolds. There may . . 
still be time to stabilize atmospheric C 0 2  levels before carbon emis- 
sions lead to unmanageable climate change. There is an abundance 
of wind, solar, and geothermal energy to harness for running the 
world economy. (See Chapter 5.) If we were to cut income taxes 
and offset this hy incorporating a carbon tax that reflected the cost 
of climate disruption in the price of fossil fuels, investment would 
quickly shift from fossil fuels to these climate-stabilizing energy 
sources. 

Sea Level Rising 

Sea level is a sensitive indicator of global warming since it is af- 
fected by both thermal expansion and the melting of land-based 
glaciers. The respective contributions to sea level rise of thermal 
expansion and ice melting are estimated to be roughly the same.23 

During the twentieth century, sea level rose by 10-20 centime- 
ters (4-8 inches), more than half as much as it had risen i l u r i~~g  the 

[~rc~,ccli t~g 2,000 Y ~ ~ I I - S .  I f  [lie cart11'b t c ~ ~ ~ l > c r ; ~ t ~ ~ r c  C ~ I I ~ ~ I I L I ~ S  to rise, 
111r1licr :~ccclcration is in praspect. 'l'hr inodcl used in the lntrrgov- 
rv~in~cnt:~l I'anel on Climate Change 2001 Assessment projects that 
\<.;I lrvel could rise by as much as 1 meter during the twenty-first 
c 1,11t~I.y.24 

llising sea level has numerous consequences. The most obvious 
i \  inundation as the oceans expand at  the expense of continents. 
Al~other is saltwater intrusion. As sea level rises, salt water may 
i ~ ~ v a d e  coastal freshwater aquifers. This intrusion is exacerbated 
I>y the falling water tables that now plague coastal regions in many 
coi~ntries, including Israel, Pakistan, India, and China. A third ef- 
Icct is beach erosion: as waves break further inland, they erode the 
Ilcach, compounding the effect of rising sea level.ls 

The most easily measured effect of rising sea level is the inunda- 
11011 of coastal areas. Donald F. Boesch, with the University of 
Maryland's Center for Environmental Sciences, estimates that for 
c;lch millimeter rise in sea level, the shoreline retreats an average of 
1.5 meters. Thus if sea level rises by 1 meter, the coastline will 
rctreat by 1,500 meters, or nearly a mile.26 

With a 1-meter rise in sea level, more than a third of Shanghai 
would be under water. For China as a whole, 70 million people 
would be vulnerable t o  a 100-year storm surge. The rice-growing 
rlver floodplains and deltas of Asia would be particularly vulner- 
i~ble. A World Bank analysis shows that Bangladesh would be hard- 
est hit, losing half of its rice production-the food staple of its 140 
million people. (See Figure 2-4.) At current rice prices, this would 
cost Bangladesh $3.2 billion. Residents of the densely populated 
river valleys of Asia would be forced into already crowded interi- 
ors. Rising sea level could create millions of climate refugees in 
Hangladesh, China, India, Indonesia, the Philippines, and Viet 
Nam.27 

Two thirds of the Marshall Islands and Kiribati would be under 
water. The United States would lose 36,000 square kilometers 
( 14,000 square miles) of land, with the middle Atlantic and Mis- 
sissippi Gulf states losing the most. And large portions of lower 
Manhattan and the Capitol Mall in Washington, D.C., would be 
flc~oded during a SO-year storm surge. A 1-meter rise in Japan would 
mean that 2,340 square kilometers of the country would be below 
high tidc. t'our  nill lion Japanese would be affected, many of them 
ilrivc~l fro111 111~-11. 11011ics.~~ 



Figure 2-4. A I-Meter Rise in Sea Level Would Cut 
Bangladesl~'~ Rice Production appro xi mat el>^ in Half 

Coastal real estate prices are likely to be one of the first eco- 
nomic indicators to reflect the rise in sea level. People with heavy 
investments in beachfront properties will suffer most. A half-meter 
rise in sea level in the United States could bring losses ranging from 
$20 billion to $150 billion. Beachfront properties, much like nuclear 
power plants, are becoming uninsurable-as many homeowners 
in Florida, for example, have d i ~ c o v e r e d . ~ ~  

Many developing countries already coping with population 
growth and intense competition for living space and cropland are 
now facing the prospect of rising sea level and substantial land 
losses. Some of those most directly affected have contributed the 
least to  the buildup in atmospheric COz that is causing this prob- 
Ic111. 

I<i\i~ig sc:~ lcvcl will pose difficult and costly choices. Con- 
ulilcr, for cxamplc, the effort and cost involved in relocating a 
~iiillion Chincse from the area to be inundated by the Three Gorges 
I ) i i ~ n .  This would be trivial compared with the tens of millions, 
:111d eventually hundreds of millions in Asia, who would have to 
I>c relocated as the ocean rises if we continue with business as 
usual. Climate refugees may come to  dominate the international 
flow of migrants since they are losing not just land, but food sup- 
plies and livelihoods.'O 

More than 90 percent of the world's ice is in the Antarctic ice 
sheet, which, partly because of its size, is comparatively stable. 
The other 10 percent, however, is in the Greenland ice sheet and 
~nountain glaciers, which are more vulnerable to climate change. 
Now that the Greenland ice sheet has started to melt, we must 
ask, What i f  this trend continues? Greenland's ice sheet is up to 2 
kilometers (1.2 miles) thick in some areas. In an article in Sci- 
ence, NASA scientists calculate that if the Greenland ice sheet 
were to disappear entirely, sea level would rise by a staggering 7 
meters (23 feet), markedly shrinking the earth's land area and 
engulfing many coastal cities." 

For the first time since civilization began, sea level has begun to 
rise at a measurable rate. It has become an indicator to watch, a 
trend that could force a human migration of almost unimagin- 
able dimensions, and one that will shape the human prospect. It 
also raises questions of intergenerational responsibility that hu- 
manity has never before faced. 

More Destructive Storms 

Kising temperatures and the power of storms are directly related. 
As sea surface temperatures rise, particularly in the tropics and sub- 
tropics, the additional heat radiating into the atmosphere causes 
more destructive storms. Higher temperatures mean more evapo- 
ration. Water that goes up must come down. What is not clear is 
exactly where the additional water will fall.'? 

More extreme weather events are of particular concern to  coun- 
tries in the hurricane or typhoon belt. Among those most directly 
affected by increased storm intensity are China, Japan, and the 
I'hilippines in the western Pacific, India and Bangladesh in the Bay 
of Bengal, and the United States and the Central American and 
Caribbean countries in the western Atlantic. 
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~x)l>i~lations by half or niore hy 2050. In thcse and other water- 
short countries, continuing population growth is sentencing hun- 
dreds of millions of people to hydrological poverty-a local form 
of impoverishment that is difficult to escape.38 

One manifestation of emerging water scarcity is dry rivers. Sev- 
eral of the world's major rivers now either run dry part of the year, 
failing to reach the sea, or have little water left when they get there.39 

As noted earlier, the Amu Darya in Central Asia, one of two 
rivers that feeds the Aral Sea, is now largely drained dry by Turkmen 
and Uzbek cotton farmers. With this river failing to reach the sea at 
times and the flow of the Syr Darya reduced to a shadow of its past 
flow, the Aral Sea is shrinking beneath the relentless sun in this 
semiarid region. Since 1960, the sea has dropped 12 meters (40 
feet); its area has shrunk by 40 percent and its volume by 66 per- 
cent. Towns that were once coastal are now 50 kilometers from 
the water. If recent trends continue, the sea will largely disappear 
within another decade or two-existing only on old maps, a geo- 
graphic mem0ry.4~ 

As the sea has shrunk, the salt concentrations in its water have 
increased to where fish can no longer survive. As a result, the fish- 
ery-which yielded 60,000 tons (130 million pounds) of fish per 
year as recently as 1960-is now dead.dl 

In 1990, the Soviet Academy of Sciences organized a conference 
in Nukus, a town near the Aral Sea, entitled "The Aral Sea: An 
Environmental Catastrophe." After attending the meeting, I joined 
other guests on an air tour over the sea and the former seabed. I 
later wrote in World Watch magazine, "From the air, the exposed 
floor of the Aral Sea looks like a moonscape. No plant or animal 
life is visible. From a few hundred feet above the ground, in an 
ancient canvas-winged, single-engine bi-plane, the signs of a dying 
ecosystem are evident. Fishing villages that once stood by the shore- 
line are abandoned and lie miles from the receding waters. Like 
ghost mining towns out of the American West, they reinforce the 
image of a dying ecosystem and a dying economy."42 

When rivers go dry, the marine ecosystems within the rivers are 
destroyed. The estuaries as sometimes affected as well. For example, 
when the Colorado River was flowing into the Gulf of California, 
it supported a large fishery and several hundred Cocopa Indian 
families. Today this fishery is but a remnant of its former self.43 

Upstream diversions for cities, industry, and irrigation from 

(:liil~il's YCIIOW liivcr arc riii~ltiplyi~ig. After flowing uninterrupt- 
i.illy for thousands of years, this cradle of Chinese civilization ran 
cll.y in 1972, failing to reach the sea for some 15 days. In the 
lollowing years, it ran dry intermittently until 1985. Since then, it 
Il:ls run dry for part of each year. In 1997, a drought year, the 
Ycllow River did not connect with the sea for 226 days.44 

In fact, during much of 1997, the river did not even make it to 
Shnndong Province, the last of the eight provinces it flows through 
~ I I  route to the sea. Shandong, producing a fifth of China's corn 
; I I I ~  a seventh of its wheat, is more important agriculturally to China 
than Iowa and Kansas together are to the United States. Half of the 
province's irrigation water used to come from the Yellow River, 
I>ut this supply is now shrinking. The other half comes from an 
i~tluifer whose water level is falling by 1.5 meters a year.45 

As more and more water is diverted to industries and cities up- 
stream, less is available downstream. Beijing is permitting the pov- 
el-ty-ridden upstream provinces to divert water for their develop- 
~iicnt at the expense of agriculture in the lower reaches of the basin. 

One of the hundreds of projects to divert water from the Yellow 
I<iver in the upper reaches is a canal that will take water to Hohhot, 
the capital of Inner Mongolia, starting in 2003. This will help sat- 
isfy swelling residential needs as well as those of expanding indus- 
tries, including the all-important wool textile industry that is sup- 
plied by the region's vast flocks of sheep. Another canal will divert 
water to Taiyuan, the capital of Shanxi Province, a city of 4 million 
that now rations water.46 

The growing upstream claims on the Yellow River mean that 
one day it may no longer reach Shandong Province at all, cutting 
the province off from roughly half of its irrigation water. The re- 
sulting prospect of massive grain imports and growing dependence 
on U.S. grain, in particular, leads to sleepless nights for political 
lcaders in Beijing.47 

Another river that is leading to sleepless nights is the Nile, be- 
cause its waters must be allocated not among provinces, as in China, 
I~ut  among countries. Ten countries share the Nile River basin, but 
ji~st three-Egypt, Sudan, and Ethiopia-dominate. Eighty-five 
percent of the Nile's flow originates in Ethiopia, but the lion's share 
is used by Egypt. Most of the rest is used in Sudan. Once the claims 
of these two countries are satisfied, little water is left when it enters 
rhc Mediterrancnn.4* 



Egypt, where it almost never rains, is wholly dependent on the 
Nile. Without this lifeline, Egypt would not exist. Even if all the 
water in the Nile River were available to Egypt, it would still 
have to import some grain just to  feed its current population. But 
it is already importing 40 percent of its grain, and its population, 
now 68 million, is projected to nearly double to 114 million by 
2050. The population of Sudan, which is growing even faster, is 
projected to increase from 31  million today to  64 million by 2050, 
more than doubling its water needs.49 

Ethiopia, where most of the precipitation falls that feeds the 
Nile, is growing faster still. With each family averaging nearly six 
children, its population is projected to triple from 63 million at the 
end of 2000 to 186 million by 2050. Thus far, Ethiopia has built 
only 200 very small dams that enable it to use 500 million cubic 
meters of the Nile's 84-billion-cubic-meter flow, or less than 1 per- 
cent. But the Ethiopian government is planning to  use much more 
of the water to expand food production and provide electricity as 
it tries to lift its people out of poverty.50 

The Nile, like the Yellow River, has wide disparities in income 
between the upper and lower reaches of the basin. It is difficult to  
argue that Ethiopia, with an annual income of scarcely $100 per 
person, should not use the upper Nile waters for its own develop- 
ment, even though it would be at  the expense of Egypt, which has 
an  annual income of over $1,000 per person. If the basin countries 
do  not quickly stabilize their populations, they risk becoming 
trapped in hydrological poverty.5' 

Other river basins where competition for water is intensifying 
include the Jordan, the Ganges, and the Mekong. The competition 
over the river Jordan between Israel, Jordan, and the Palestinians 
is well known. The Jordan, which flows from Lebanon into Israel, 
where it joins the Sea of Galilee and eventually empties into the 
Dead Sea, is being overtaxed. As a result, the water level in the Sea 
of Galilee is gradually falling and the Dead Sea is shrinking.52 

If India, which shares the Ganges with Bangladesh, were to use 
all the water that it wants, the Ganges might not even reach 
Bangladesh during the dry season. But fortunately a treaty has been 
signed that  allocates a n  agreed-upon amount  of water to  
Bangladesh. Competition in the Mekong River basin is also inten- 
sifying. As China builds dams on its upper reaches, less water is left 
for (:nmhodia, Laos, and Viet Nam-countries whosc ricc culrl~rcs 
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I:;~lling Watcr Tables 
IKvc~11 ;is major rivers are running dry, water tables are falling on 
cvcry continent as the demand for water outruns the sustainable 
yiclcl of aquifers. Overpumpingis a new phenomenon, largely con- 
li~)cd to the last half-century. Only since the development of pow- 
crful diesel and electric pumps have we had the capacity to pull 
w;irer out of aquifers faster than it is replaced by precipitation. 

Ovcrpumping is now widespread in China, India, and the United 
St;lrcs-three countries that together account for nearly half of the 
worlcl grain harvest. Water tables are falling under the North China 
I'l:~in, which produces 25 percent of China's grain harvest; under 
rhc Indian Punjah, the breadbasket of India; and under the south- 
1.1.11 Great Plains of the United States.5.' 

Hydrologically, there are two Chinas-the humid south, which 
Includes the Yangtze River basin and everything south of it, and 
rhc arid north, which includes the Yellow River basin and every- 
~liing to the north. The south, with 700 million people, has one 
rhird of the nation's cropland and four fifths of its water. The north, 
with 550 million people, has nvo thirds of the cropland and one 
tifth of the water. The water per hectare oicropland in the north is 
one eighth that of the south.55 

Northern China is drying out as the demand for water outruns 
the supply, depleting aquifers. In 1999 the water table under Beijing 
lcll by 1.5 meters (5 feet). Since 1965, the shallow water table un- 
clcr the city has fallen by some 59 meters or nearly 200 feet. The 
tlccp aquifer that some wells draw from may have fallen even more. 
A 2001 World Bank report says, "Anecdotalevidence suggests that 
clccp wells around Beijing now have to reach 1,000 meters (more 
than half a mile) to tap fresh water, adding dramatically to the cost 
o f  supply." Falling water tables under the capital remind China's 
Ic:~ders of the shortages that lie ahead as the country's aquifers are 
clcpleted.s6 

The North China Plain, a region that stretches from just north 
of Shanghai to well north of Beijing, embraces five provinces: Hebei, 
I Icnan, and Shandong, and the ciry provinces of Beijing and Tianjin. 
At the end of 1997, official data show that these five provinces had 
2.6  nill lion wells, the bulk of them for irrigation. During that year, 
'J9.900 wells wcrc nh;indoned, apparently because they ran dry as 
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the i~nsustninablc use of water. Wc .lrc feeding ~lurselves with 
water that belongs to our children.66 

Facing Water Scarcity 
An estimated 70 percent of the water consumed worldwide, in- 
cluding that diverted from rivers and pumped from underground, 
is used for irrigation, while some 20 percent is used by industry 
and 1 0  percent for residential purposes. In the increasingly intense 
competition for water among these three sectors, the economics of 
water do  not favor agriculture. In China, 1,000 tons of water can 
be used to  produce 1 ton of wheat, worth perhaps $200, or to  
expand industrial output by $14,000-70 times as much. In a coun- 
try that is desperately seeking economic growth and the jobs it 
generates, the gain in diverting water from agriculture to industry 
is obvious. The economics of water also helps explain the increas- 
ingly common sale of irrigation water rights by U.S. farmers in the 
West to cities.67 

Urbanization, industrialization, and ecosystem maintenance also 
expand the demand for water. As developing-country villagers, tra- 
ditionally reliant on the village well, move to urban high-rise apart- 
ment buildings with indoor plumbing, their residential water use 
can easily triple. Industrialization takes even more water than ur- 
banization. 

Rising affluence in itself generates additional demands for wa- 
ter. For example, as people move up the food chain, consuming 
more beef, pork, poultry, eggs, and dairy products, they use more 
grain. A U.S. diet rich in livestock products requires four times as 
much grain per person as a rice-based diet in a country like India. 
Using four times as much grain means using four times as much 

Once a localized phenomenon, water scarcity is now crossing 
national borders via the international grain trade. The world's tasr- 
est-growing grain import market is North Africa and the Middle 
East, an area that includes klorocco, Algeria, Tunisia, Libya, Egypt, 
and the countries eastward through Iran. Virtually every country 
in this region is simultaneously experiencing water shortages and 
rapid population growth.6y 

As the demand for water in the region's cities and industries 
rises, it is typically satisfied by diverting water from irrigation. The 
loss in food production capacity is then offset by imporling gr;~in 

11.0111 :~liro:~il. S~IICI, I toll of g r ; ~ i ~ l  rcprcseilts 1,000 tons of water, 
111is is the most ctficicnt way for water-deficit countries to import 
w:1tcI: 

111 2000, Iran imported 7 million tons of wheat, eclipsing Ja- 
I ' . ~ ~ ~ - f ~ ~ r  decades the world's leading wheat importer. In 2001, 
I'gypt is also projected to move ahead of Japan. Iran and Egypt, 
<..~ch with nearly 70 million people and adding more than a  nill lion 
:I year, are both facing acute water scarcity.'o 

The water required to produce the grain and other foodstuffs 
i~ l~por ted  into North Africa and the Middle East in 2000 was 
~ ~ ~ u g h l y  equal to the annual flow of the Nile River. Stated other- 
wise, the fast-growing water deficit of this region is equal to an- 
other Nile flowing into the region in the form of imported grain.7' 

It is now often said that future wars in the region will more 
likely be fought over water than oil. Perhaps, but given the diffi- 
c.ulty in winning a water war, the competition for water seems more 
liltely to take place in world grain markets. The countries that will 
"win" in this competition will be those that are financially stron- 
gest, not those that are militarily strongest.'2 

The world water deficit, as measured by the overpumping of 
t~quifers, grows larger each year, making it progressively more dif- 
ficult to manage. If countries everywhere decided this year to halt 
overpumping and to stabilize water tables, the world grain harvest 
would tall by some 160 million tons, or 8 percent, and grain prices 
\v<luld go off the top of the chart. The longer countries delay in 
hcing this issue, the wider the water deficit becomes and the greater 
the eventual adjustment will be. 

Unless governments in water-short countries act quickly to sta- 
hilize population and to raise water productivity, their water sbort- 
~ ~ g e s  may soon become food shortages. The risk is that the fast- 
growing ranks of water-short countries with rising grain import 
~~ceds ,  including potentially the population giants China and In- 
cli;~, will overwhelm the export capacity of the grain-surplus coun- 
~rics-the United States, France, Canada, and Australia. And this 
111 turn will destabilize world grain markets. 

The water situation is deteriorating rapidly in many countries, 
h l~ t  it is the fast-growing water deficit in China that is likely to 
;iffcct the entire world. The combination of 1 2  million additional 
people per year. urbanization, a projected economic growth rate of 
7 I)crcent. ;111d tlic co~ltini~ing movement of Chinese consumers up 
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the foot1 chain virtually ensures that the demand for water will 
continue to outstrip the supply for years to come. These trends 
also suggest that China's need for imported grain could soon start 
to climb, much as its imports of soybeans have in recent years. 
Between 1995 and 2000, China went from being self-sufficient in 
soybeans to being the world's largest buyer, importing over 40 per- 
cent of its supply.73 

Water shortages can be ameliorated by raising water prices to 
reduce wastage and thus increase the efficiency of water use, but in 
China this is not always easy. An announcement in early 2001 that 
the government was planning to  raise water prices in stages over 
the next five years was a welcome step in the right direction. But 
for Beijing, this option is fraught with political risks because the 
public response to increasing the price of water, which often has 
been free in the past, is akin to that when gasoline prices go up in 
the United States.74 

Other recent announcements from Beijing indicate that the gov- 
ernment has officially abandoned its long-standing policy of grain 
self-sufficiency. China has also announced that, in the intensifying 
competition for water, cities and industry will get priority-leaving 
agriculture as the residual claimant.'s 

As noted, China is not alone in facing water shortages. Other 
countries where water scarcity is raising grain imports or threaten- 
ing to d o  so include India, Pakistan, Mexico, and dozens of smaller 
countries. But only China-with nearly 1.3 billion people and an 
$80 billion annual trade surplus with the United States-has the 
near-term potential to  disrupt world grain markets. In short, fall- 
ing water tables in China could soon mean rising food prices for 
the entire world.76 

Signs of Stress: 
The  Biological Base 

111  April 2001, scientists at  the National Oceanic and Atmospheric 
Aclministration laboratory in Boulder, Colorado, reported that a 
huge dust storm from northern China had reached the United States, 
"blanketing areas from Canada to  Arizona with a layer of dust." 
I'cople living in the foothills of the Rockies could not even see the 
~ncruntains. Few Americans were aware that the dust on their cars 
.ilid the haze hanging over the western United States was, in fact, 
veil from China.' 

This Chinese dust storm, the most severe of a dozen in the spring 
111 2001, signals a widespread deterioration of the rangeland and 
cropland in that country's vast northwest. These huge dust plumes 
routinely travel hundreds of miles to populous cities in northeast- 
~ 1 . 1 1  China, including Beijing-obscuring the sun, reducing visibil- 
~ t y ,  slowing traffic, and closing airports. Reports of residents in 
r;istern cities caulking windows with old rags to keep out the dust 
.)I-c ruminiscent of the U.S. Dust Bowl of the 1 9 3 0 ~ . ~  

Ncws reports in China typically attributed the dust storms to  
~ l i c  drought of the last three years, but that has simply brought a 
I;l.;t-dcteriorati~~g situation into focus. Overgrazing and overplowing 
:ire widcspre:i~I. I+rr rx:lmple, the United States, a country of com- 
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parable size and grazing capacity, has 98 million cattlc and Y mil- 
lion sheep and goats, whereas China now has 127 million cattle 
and 279 million sheep and goats. Feeding 1.3 billion people, a 
population nearly five times that of the United States, is not an 
easy matter. Millions of hectares of highly erodible land were plowed 
that should have stayed in gass.' 

Evidence of the intensifying conflict between the economy and 
the ecosystem of which it is a part can be seen not only in the dust 
bowl emerging in China, but also in the burning rainforests in In- 
donesia, the collapsing cod fishery in the North Sea, falling crop 
yields in Africa, the expanding dead zone in the Gulf of Mexico, 
and falling water tables in India. 

The ill-structured global economy's rising demands on ecosys- 
tems are diminishing the earth's biological productivity. The out- 
put of oceanic fisheries is reduced by overfishing, by oceanic pol- 
lu tants ,  a n d  by disrupt ions  of the  reproductive cycle of 
river-spawning fish as some rivers are dammed and others are 
drained dry. Overgrazing of  rangelands is also taking a toll. Ini- 
tially overgrazing reduces the productivity of rangelands, but even- 
tually it destroys them--converting them into desert. 

The productive capacity of the earth's forests is declining as they 
shrink by more than 9 million hectares per year. Lumbering, land 
clearing for crop production or ranching, and firewood gathering 
are responsible. Healthy rainforests do not burn, but fragmented 
tropical rainforests can be weakened to where they are easily ig- 
nited by lightning.4 

An estimated 36 percent of the world's cropland is suffering a 
decline in inherent productivity from soil erosion. If this continues, 
eventually the cropland will become wasteland. In Africa, the fail- 
ure to replace nutrients removed hy crops is reducing crop yields in 
several countries. As local ecosystems deteriorate, the land's carry- 
ing capacity is reduced, setting in motion a self-reinforcing cycle of 
ecological degradation and deepening human poverty. With half 
the world's workforce dependent on croplands, fisheries, range- 
lands, and forests for their jobs and livelihood, any deterioration 
of these ecosystems can translate into a decline in living condi- 
t i o n ~ . ~  
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I,'i.;llrrics (:ollapsing 

A I I I O I I ~  tllc three ecosystems that supply our food--croplands, 
I .111gcl;111ds, and fisheries-the excessive demand on fisheries is per- 
11.1ps inosr visihle. After World War 11, accelerating population 
(:r(~wth and steadily rising incomes drove the demand for seafood 
11lw;ird at a record pace. At the same time, advances in tishing 
rc~.linologies, including refrigerated processing ships that enabled 
I ~ . ;~wlcrs to exploit distant oceans, dramatically boosted fishing 
c :lp:~city. 

111 response, the oceanic fish catch climbed from 19 million tons 
111 1950 to its historic high of 93 million tons in 1997. This five- 
I I I I ~ I  growth-more than double that of population during this 
prriud-raised seafood consumption per person worldwide from 
X kilograms in 1950 to a peak of 1 7  kilograms in 1988. Since then, 
1 1  h:is fallen to scarcely 15 kilograms, a drop of one eighth.6 

oceanic fisheries were long a leading source of animal protein 
i l l  the diet of island countries and those with long coastlines, such 
. IS  Norway and Italy, but it was not until the second half of the 
I wcntieth century that fishing fleets began to systematically exploit 
t11c oceanic food potential. This, combined with improved inland 
I i.:~nsportation and refrigeration, made seafood a basic component 
of  diets for most of humanity. 

In the early 1990s, the U.N. Food and Agriculture Organiza- 
tion (FAO), which monitors oceanic fisheries, reported that all of 
~ l i c  world's 17  major fisheries were being harvested at or beyond 
~ l ~ c i r  sustainable capacity and that 9 were in a state of decline. 
M:iny countries were trying to protect their fisheries from over- 
lisliing and eventual collapse. In 1992, Canada, which had waited 
loo long to restrict the catch in its 500-year-old cod fishery off the 
io;lst of Nswfoundland, was forced t o  suspend fishing there en- 
I lrcly, putting some 40,000 fishers and fish processors out of work. 
'I'llcn in late 1993, Canada closed additional stretches of water to 
L O C I  fishing, with the off-limits area creeping down toward the U.S. 
c o:lst. The United States followed with restrictions designed to save 
11s cod, haddock, and flounder fisheries off New England.: 

O n  the West coast, conditions were no better. In April 1994, 
1111. I'acific Fishery Management Council banned salmon fishing 
,,if Washington State in an effort to protect the species from ex- 
tit~crion. In Orcgon and California, stringent salmon quotas were 
i111~x)x-d. Actions I>y rhc Unitcd Statcs and Canada,comhined with 
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similar measures by governments clscwlicrc, implicitly acknowl- 
edge that unrestricted harvesting could destroy fisheries, depriving 
the world of a valuable food s o ~ r c e . ~  

The inability of governments to cooperate in oceanic fishery 
management means that instead of yielding maximum sustainable 
catch indefinitely, many fisheries have been fished to the verge of 
collapse. Atlantic stocks of the heavily fished bluefin tuna, a standby 
in Tokyo's sushi restaurants, have been cut by a staggering 94 per- 
cent. It will take years for such long-lived species to recover, even if 
fishing stops altogether.' 

Inland fisheries are also suffering from environmental misman- 
agement-water diversion, acidification, and pollution. As noted 
in Chapter 2, the Aral Sea fishery, which yielded 60,000 tons (close 
to  130 million pounds) of fish per year as recently as 1960, is now 
history. Rising salt content has left the sea biologically dead.1° 

A June 2001 report indicates that Russia's Azov Sea is also dy- 
ing. Rising levels of salt, petroleum wastes, heavy metal pollution, 
and radioactive materials are apparently involved. The commer- 
cial fish catch has dropped 97 percent over the last quarter-cen- 
tury. Many species are extinct. As one commentator noted, the Sea 
of Azov has become "a body of water that cannot support either 
life within it or the lives of the people who live around it."" 

Acidification of lakes from acid rain, largely from coal burning, 
is also still a problem. Canada alone now counts 14,000 dead lakes. 
And pollution is taking a toll on freshwater lakes, either destroy- 
ing the fish or rendering them unsafe for human consumption. In 
the United States, fish in some 50,000 freshwater lakes, streams, 
and ponds contain levels of mercury that make them unsafe for 
human consumption. Mercury from the smokestacks of coal-fired 
power plants is largely responsible. (See Chapter 6.)12 

Overfishing and pollution are not the only threats to the world's 
seafood supply. The spawning grounds and nurseries of many 
aquatic creatures are disappearing as coastal wetlands, mangrove 
forests, and coral reefs are destroyed. In addition, the damming of 
rivers is depriving many species of their spawning grounds. Other 
rivers are drained dry, with the same effect. Still others are simply 
too polluted for fish to survive. 

Some 90 percent of oceanic fish rely on coastal wetlands, man- 
grove swamps, or rivers as spawning areas. Well over half the origi- 
nal  area of mangrove forests in tropical and subtropic;~l c ~ n ~ ~ l r r i c s  

I I . I \  I i rr l~ lost. 'l'lic disappcar;~ncc of coastal wctlands in industrial 
1o1111rrics is evcn greater. In Italy, whose coastal wetlands are the 
~ ~ ~ ~ r s c r i c s  for many Mediterranean fisheries, the loss is a staggering 
I J F  I>crcent.I1 

I);lmagc to coral reefs, a breeding ground for fish in tropical 
.111il snbtropical waters, is also taking a toll. Between 1992 and 
LOOO, the share of severely damaged reefs worldwide expanded 
Ilxlln I 0  percent to 27 percent. As the reefs deteriorate, so do the 
I~sl~cries that depend on them.I4 

Oceanic fisheries face numerous threats, but it is overfishing 
11i:1t most directly threatens their survival. Oceanic harvests ex- 
~p;l~ided as new technologies evolved, ranging from sonar for track- 
1111: schools of fish to  vast driftnets that are collectively long enough 
111 circle the earth many times over. "With more powerful boats 
.lnd fish finders, we basically have the capacity to  wipe fish out, 
:111d we are," warns Douglas Foy of the Conservation Law Foun- 
~l;ition in New England." 

(:ommercial fishing is now largely an economics of today ver- 
511s tomorrow. Governments are seeking to protect tomorrow's 
r.;~tches by forcing fishers to keep their ships idle; fishing communi- 
~ i r s  are torn between the need for income today versus the future. 
Iro~lically, one reason for excess fleet capacity is long-standing gov- 
vrnment subsidies that provide large loans and favorable terms for 
ilivcsting in new boats and fishing gear. By 2000. however, these 
Io;~ns had become unsupportable as catches dwindled. Catch quo- 
1:)s kept many fishing boats at anchor during what used to be peak 
lisliing  month^.'^ 

Fishing subsidies were based on an unfounded belief that past 
I rrnds in oceanic harvests could be projected into the future-that 
plst growth meant future growth. The long-standing advice of FA0 
tlltirine biologists, who had warned that marine harvests would 
\<meday reach a limit, was largely ignored." 

As long as there were more fish in the oceans than we could 
I I O P C  to catch, managing oceanic fisheries was a simple matter. But 
with many fisheries already collapsing, and others facing imminent 
~.ollapse, the management challenge of allocating the catch among 
competing nations and protein-hungry populations is infinitely more 
clifficult. Merely sustaining the existing catch will require new lev- 
1.1s of coopcr;~tion among national governments. 

Even ;IlnonI: c ~ ~ l ~ ~ ~ t r i c s  accustomed to working together, such as 



those in thc Europcali Clnion (1\11), tIir ch:~llcngc of negotiating 
catch limits at sustainable levels c;ili l>c tlifficult. In April 1997, 
after prolonged negotiations, agreement was reached in Brussels to 
reduce the fishing capacity of EU fleets by 30 percent for endan- 
gered species, such as cod, herring, and sole in the North Sea, and 
by 20 percent for overfished stocks, such as cod in the Baltic Sea, 
the bluefin tuna, and swordfish off the Iberian peninsula. The good 
news was that the EU finally reached agreement on reducing the 
catch. The bad news was that these cuts were not sufficient to ar- 
rest the decline of the region's fisheries.'* 

In January 2001, the EU went further, announcing a ban on 
fishing for cod, haddock, and whiting during the 12-week spring 
spawning period. With the annual cod catch falling from 300,000 
tons during the mid-1980s to 50,000 tons in 2000, this most re- 
cent step was a desperate effort to save the fishery. EU officials are 
all too aware that Canada's once-vast Newfoundland cod fishery 
has not recovered since collapsing in 1992, despite the total ban on  
fishing imposed then.I9 

When some fisheries collapse, it puts more pressure on those 
that are left. With restrictions on the overfished EU fishery, the 
heavily subsidized EU fishing fleet has turned to  the west coast of 
Africa, buying licenses to fish off the coasts of Senegal, Mauritania, 
Morocco, Guinea-Bissau, and Cape Verde. They are competing for 
space there with fleets from Japan, South Korea, Russia, and China. 
For impoverished countries like Mauritania and Guinea-Bissau, 
income from fishing licenses can account for up to half of govern- 
ment revenue. Unfortunately for the Africans, their fisheries too 
are collapsing. Most countries lack the ships and radar to ensure 
compliance with fishing agreements in the 200-mile exclusive eco- 
nomic zones off their coasts that were granted by the 1979 Law of 
the Sea Treaty.Lo 

Fisheries everywhere are facing the same fate. On  the west coast 
of India, the fishery off the coast of Goa has grown by leaps and 
bounds as the mechanized fishing fleet has jumped from 1 0  boats 
in 1964 to 2,200 in 1998. Meanwhile, the annual catch increased 
from 17,000 tons to 95,000 tons-well beyond the estimated maxi- 
mum sustainable yield of 71,000 tons. Unless the Indian govern- 
tiicnt can quickly reduce the catch here to the sustainable level, this 
fishcry too will collapse, depriving India's coastal populatioll of a 
sorcly nccded source of protein." 

I t  tllc OCC:IIIS ca1111ot S L I S I ~ ~ I ~  a catch of morc than 95  million 
I I I I I S  :ind i f  world popillation continues to  grow as projected, the 
~~cc; inic  fish catch per person-which has already declined 9 per- 

I L , ( . I I ~  since it peaked in 1988-is likely to  drop to 10 kilograms per 
prrson in 2050. The generation that came of age during World 
War I1 saw the fish catch per person double during their lifetimes. 
'I'heir grandchildren, the children of today, may witness a one-third 
~rrcluction.~ 

'The bottom line is that the growing worldwide demand for sea- 
tood can no longer he satisfied from oceanic fisheries. If it is to  be 
s:itisfied, it will be by expanding fish farming, which will further 
intensify the pressure on land resources. Once fish are put in ponds 
or cages, they have to he fed. (See Chapter 7.) 

1 t:orests Shrinking 
At the beginning of the twentieth century, the earth's forested area 
was estimated at  5 billion hectares. Since then it has shrunk to 2.9 
I>illion hectares-an area roughly double the world's cropland area. 
. . I lie remaining forests are rather evenly divided between tropical 
;ind subtropical forests in developing countries and temperatelbo- 
rcal forests in industrial c~untr ies .~ '  

Deforestation is caused by the growing demand for forest prod- 
ucts and the growing conversion of forested land to agricultural 
uses. This forest loss is concentrated in developing countries. From 
1990 to  1995, the loss in these nations averaged 13  million hect- 
:ires a year, an area roughly the size of Kansas. Overall, this means 
that the developing world is losing 6.5 percent of its forests per 
clccade. The industrial world is actually gaining up to  an estimated 
.1.6 million hectares of forestland each year, principally from ahan- 
cloned cropland that is returning to forests on its own, as in Rus- 
sia, and the spread of commercial forestry plantations.14 

Unfortunately, even these official FA0 data do not reflect the 
jiravity of the situation. For example, tropical forests that are 
clcarcut or burned off rarely recover. They simply become waste- 
Imd or at best scrub forest, but they are still included in the official 
forcstry numbers if they are not included in another land use cat- 
c ~ o r y  such as cropland or building construction. The World Re- 
hources Institute's Forest Frontiers Initiative issued a report in 1997 
c111 thc status of the world's forests. They note that "hidden behind 
\ucl~ famili:i~st:itistics is an equally sobering reality. Of the forests 
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1980 to fewer than 10.000 by 1990. '1i)day there are only 3,000 
Icft. In less than one generation, 97 pcrcent of the bonobos have 
di~appeared. '~ 

Birds, because of their visibility, are a useful indicator of the 
diversity of life. Of the 9,946 known bird species, roughly 70 per- 
cent are declining in number. Of these, an estimated 1,183 species 
are in imminent danger of extinction. Habitat loss and degrada- 
tion affect 85 percent of all threatened bird species. For example, 
61 bird species have become locally extinct with the extensive loss 
of lowland rainforest in Singapore. Some once-abundant species 
may have already dwindled to the point of no return. The great 
bustard, once widespread in Pakistan and surrounding countries, 
is being hunted t o  extinction. Ten of the world's 17 species of pen- 
guins are threatened or endangered, potential victims of global 
warming.'. 

The threat t o  fish may be the greatest of all, with nearly one 
third of all species-freshwater and saltwater-now facing pos- 
sible extinction. Worldwide, the principal causes of this loss are 
habitat degradation in the form of pollution and the excessive ex- 
traction of water from rivers and other freshwater ecosystems. An 
estimated 37 percent of the fish species that inhabit the lakes and 
streams of North America are either extinct o r  in jeopardy Ten 
North American freshwater fish species have disappeared during 
the last decade. In semiarid regions of Mexico, 68 percent of native 
and endemic fish species have disappeared. The situation may be 
even worse in Europe, where some 80 species of freshwater fish 
out of a total of 193 are threatened, endangered, or of special con- 
cern. Two thirds of the 94 fish species in South Africa need special 
protection to avoid e~tinction. '~ 

Threatened species include both little known ones and those 
that are well known and highly valued. The harvest of the Caspian 
Sea sturgeon, for example, source of the world's most prized caviar, 
has fallen from 22,000 tons per year in the late 1970s to 1,100 
tons in the late 1990s. Overfishing, much of it illegal, is respon- 
~ ib le .7~  

Another indicator of the earth's environmental deterioration is 
thc decline in various types of amphibians-frogs, toads, and sala- 
manders. Widespread evidence that amphibian populations were 
disappearing initially surfaced at the first World Congress of Hcr- 
~ > ~ t t l l ~ ~ g y  in (:antcrhury, England, in 1989. It was at this co111't.t.. 

1 , q 1 1  / , :  ' I / , , .  IIl~>/O~l',ll I I t l C , .  7 1 

< - I I W  th;it scientists first rcalizcd that the seemingly isolated disap- 
lx.:ir;inccs ot amphibian populations were actually a worldwide 
~ ~ h c n o ~ i l e n ( ~ n .  Among the apparent contributing factors are the 
clc;~rcutting of forests, the loss of wetlands, the introduction of 
:ilicn species, changes in climate, increased ultraviolet radiation, 
:~cid rain, and pollution from both agriculture and industry. Spend- 
ing their lives in both aquatic and terrestrial environments, am- 
pliihians are affected by changes in each, making them an  unusu- 
:illy sensitive barometer of the earth's changing physical condition." 

The leatherback turtle, one of the most ancient animal species, 
: ~ n d  one that can reach a weight of 360 kilograms (800 pounds), is 
fast disappearing. Its numbers have dropped from 115,000 in 1982 
to 34,500 in 1996. At the Playa Grande nesting colony on Costa 
Icica's west coast, the number of nesting females dropped from 
1,367 in 1989 to 117 in 1999. James Spotila and colleagues, writ- 
ing in Nature, warn that "if these turtles are t o  be saved, immedi- 
ate action is needed to minimize mortality through fishing and to 
maximize hatchling production."8' 

One of the newer threats to species, and one that is commonly 
underestimated, is the introduction of alien species, which can al- 
ter local habitats and communities, driving native species to ex- 
tinction. For example, non-native species are a key reason why 30 
percent of the threatened bird species are on the IUCN Red List. 
For plants, alien species are implicated in 15 percent of all the list- 
ings. One consequence of globalization with its expanding inter- 
national travel and commerce is that more and more species are 
being accidentally or intentionally brought into new areas where 
they have no natural predators." 

Efforts to save wildlife traditionally have centered on  the cre- 
ation of parks or wildlife reserves. Unfortunately, this approach 
may now be of limited value because of the nature of the principal 
threats to biological diversity. If we cannot stabilize population 
and climate, there is not an ecosystem on earth that we can save. 
To optimize resource use, this would argue for shiftingsome of thc 
relatively abundant funds for parkland acquisition into efforts to 
stabilize population and climate. 

The current species extinction rate is at least 1,000 times higher 
than the hackground rate, yet no one knows how many plant an11 
animal spccirs thcrc are today, much less how many thcrc wcrc ti 

1i : i lf-ccnt~~r~ ; I ) : I I ,  wliv11 tlic explosion in hunian economic ;~ctivity 
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I>cg:i11. (:~tl.rcnt estimates r;l~ljic 11.0111 f, itiillio~i species 111) to 20 
n~illion, with the best working cstiln;l[cs talling between 13 mil l io~~ 
and 14 million. We can measure losses where we have a complete 
inventory of species, as with birds, but with insects, where the spe- 
cies number in the millions, only a fraction of the species have been 
identified, described, and cataloged.83 

Synergies and Surprises 

One concern of environmental scientists is that some trends of en- 
vironmental degradation will reinforce each other, accelerating the 
process. Chris Bright of Worldwatch Institute has analyzed several 
of these synergistic relationships among environmental trends, both 
local and global. One such concern is with ice melting. When land 
is covered with ice and snow, much of the sunlight reaching the 
earth's surface is simply bounced back into space by the high 
reflectivity of the surface. Once the snow and ice melts, the soil or 
the water beneath absorbs much of the energy in the sunlight, rais- 
ing temperatures. The higher temperature leads to more melting, 
and the process begins to feed on itself in what scientists call a 
positive feedback 

This is of particular concern in the Arctic Sea, where ice is melt- 
ing, shrinking the reflective area. (See Chapter 2.) The synergistic 
relationship between rising temperatures and reduced reflectivity 
may now have reached the point of no return in the Arctic, sug- 
gesting a future when Arctic sea ice may disappear entirely during 
the summer months. This rise in temperature in the polar region 
may also help explain why the Greenland ice sheet is beginning to 
melt.85 

Another set of synergies is threatening the earth's forests by fire. 
Intact, healthy rainforests do not burn, but forests weakened by 
logging or slash-and-burn farming become vulnerable to fire. The 
more they burn, the more vulnerable they become. The process, 
which feeds on itself, reinforces the global warming trend. As higher 
temperatures due to climate change lead to the drying out of for- 
csts and more burning, more carbon is emitted into the atmosphere. 
Itising atmospheric carbon dioxide levels accelerate the process of 
global warming. The trends of rising temperatures and burning 
Furcsts begin to reinforce each other.86 

One consequence of many interacting changes is that they can 
lend to developments that surprise even the scientific comnlltl~ity. 

.S ,X"S r r /  SIrr. , ,>:  'I'll,. I l l l ~ l 0 , ~ i l ~ i l l  1111.1(. 
7.1 

( ) l i t .  s11cl1 cvcnt c;lnlc in August 2000, as dcscrihcd in Chapter 2, 
wI1e11 the iccbrcakcr cruise ship discovered open water at the North 
I'olc. Yet another recent surprise is the dieoff of coral reefs. Again, 
111c rcasons for the coral dieoff are complex, but a rise in surface 
water temperature may be responsible. What is surprising is that a 
temperature rise in sea surface water of less than 1 degree Celsius 
can lead to reef deaths. If the reefs continue to die, oceanic ecosys- 
tems will be altered, directly affecting the fisheries that depend on 
the coral reefs as nursery  ground^.^' 

These are but a few of the surprises and synergies that have 
been encountered in recent years. No one knows how many the 
ncw century will bring. And unfortunately, synergistic trends such 
as those just described are often irreversible. As Chris Bright ob- 
serves. "Nature has no reset buttons."88 





The Shape of the 
Eco-Economy 

In March 2000, a t  a briefing on Stute of the World 2000 for World 
Hank staff, I noted that proposed projects should help build an 
economy that is environmentally sustainable, not one that self-de- 
structs. In response, someone said that the Bank always does an 
environmental assessment of its projects. But that's the problem, I 
replied. Environmental scientists are assessing the effects of projects 
after economists have decided which investments t o  make. At best, 
the scientists can suggest steps to ameliorate the environmental 
damage from the projects selected by economists. 

What are the odds that an economist not trained in ecology will 
independently design projects that collectively will build an economy 
that is environmentally sustainable? Not very high. The same could 
he said of all leading economic decisionmakers-corporate plan- 
ners, government policymakers, and investment bankers. 

As noted in Chapter 1, an economy is sustainable only if it re- 
spects the principles of ecology. These principles are as real as those 
of aerodynamics. If an aircraft is to  fly, it has to  satisfy certain 
principles of thrust and lift. So, too, if an economy is to sustain 
progrcs" it 1111lsr sz~tisfy the basic principles of ecology. I f  it docs 
~ io t ,  it will c l v c l i ~ l c  : I I I ~ I  ~ventually collapse. There is n o  lniilillc 
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Another major failure of the market to provide rcliahle infor- 
mation comes when governments subsidize the depletion of re- 
sources or environmentally destructive activities. (See also Chapter 
11 .) For example, over several decades the U.S. Forest Service used 
taxpayer money to build roads into national forests so that logging 
companies could clearcut forests. This not only artificially lowered 
the costs of lumber and paper, it led to flooding, soil erosion, and 
the silting of streams and rivers. In the Pacific Northwest, it de- 
stroyed highly productive salmon fisheries. And all this destruc- 
tion was underwritten by  taxpayer^.^ 

In a world where the demands of the economy are pressing 
against the limits of natural systems, relying on  distorted market 
signals to guide investment decisions is a recipe for disaster. His- 
torically, for example, when the supply of fish was inadequate, the 
price would rise, encouraging investment in additional fishing trawl- 
ers. When there were more fish in the sea than we could ever hope 
to  catch, the market worked well. Today, with the fish catch often 
exceeding the sustainable yield, investing in more trawlers in re- 
sponse to higher prices will simply accelerate the collapse of these 
fisheries. 

A similar situation exists with orher natural systems, such as 
aquifers, forests, and rangelands. Once the climbing demand tor 
water surpasses the sustainable yield of aquifers, the water tables 
begin to  fall and wells go dry. The market says drill deeper wells. 
Farmers engage in a competitive orgy of well drilling, chasing the 
water table downward. On  the North China Plain, where 2 5  per- 
cent of the country's grain is produced, this process is under way. 
In Hebei Province, data for 1999 show 36,000 wells, mostly shal- 
lower ones, being abandoned during the year as 55,000 new, much 
deeper wells were drilled. In Shandong Province, 31,000 were aban- 
doned and 68,000 new wells were drilled.4 

In an eco-economy, by definition one that respects the principles 
of ecology, drilling additional wells would be banned once a water 
table showed signs of falling. Instead of spending money to dig 
deeper wells, investments would be channeled into measures to  
boost water efficiency and to stabilize population in order to  bring 
water use into balance with the sustainable supply. 

Evidence is accumulating that our global economy is slowly 
undermining itself on  several fronts. If we want economic 
progress to continue, we have little choice but to  systen~stic;~ily 

~.cstrllcturc thc glol,:il rL.onomy i n  orclcr to 111;lkc. it cnviro111)lc~ll 
t : ~ l l y  sustainable. 

A Monumental Undertaking 

(:onverting our economy into an eco-economy is a monumental 
~ ~ ~ i c l c r t a k i n ~ .  There is no precedent for transforming an economy 
shaped largely by market forces into one shaped by the principles 
of ecology. 

The scale of proiected economic growth outlines the dimensions 
o f  thechallengi.   he growth in world output of goods and services 
Irom $6 trillion in 1950 to $43 trillion in 2000 has caused envi- 
I-onmental devastation on a scale thar we could not easily have 
imagined a half-century ago. If the world economy continued to  
cxpand at  3 percent annually, the output of goods and services 
would increase fourfold over the next half-century, reaching $172 
trillion? 

Building an eco-economy in the time available requires rapid 
systemic change. We will not succeed with a project here and a 
project there. We are winning occasional battles now, but we are 
losing the war because we do not have a strategy for the systemic 
cconomic change that will put the world on a development path 
that is environmentally sustainable. 

Although the concept of environmentally sustainable develop- 
ment evolved a quarter-century ago, not one country has a strategy 
to  build an  eco-economy-to restore carbon balances, to stabilize 
population and water tables, and t o  conserve its forests, soils, and 
diversity of plant and animal life. We can find individual countries 
that are succeeding with one or more elements of the restructuring, 
but not one that is progressing satisfactorily on all tronts. 

Nevertheless, glimpses of the eco-economy are clearly visible in 
some countries. For example, 31 countries in Europe, plus Japan, 
have stabilized their population size, satisfying one of the most 
basic conditions of an eco-economy. Europe has stabilized its popu- 
lation within its food-producing capacity, leaving it with an  ex- 
portable surplus of grain to  help fill the deficits in developing coun- 
tries. Fur thermore ,  China-the world 's  most  populous  
country-now has lower fertility than the United States and is 
~noving toward population ~tabi l i ty .~  

Aniol l~  ~ ( ~ l ~ n t r i e s ,  Denmark is the eco-economy lcadcn It has 
stabilizc*cl i ~ s  ~ ~ ~ ~ p ~ ~ l i l t i o n ,  banned the construction o f  co:~l-firccl 



power plants, banned the usc ot ~ ~ o ~ ~ ~ . r l i l l : ~ l ~ l c  hcver:~gc col~t:~in- 
ers, and is now getting 15 percent of its electricity from wind. In 
addition, it has restructured its urban transport network; now 32 
percent of all trips in Copenhagen are on bicycle. Denmark is still 
not close to balancing carbon emissions and fixation, but it is mov- 
ing in that direction.: 

Other countries have also achieved specific goals. A reforesta- 
tion program in Sourh Korea, begun more than a generation ago, 
has blanketed the country's hills and mountains with trees. Costa 
Rica has a plan to shift entirely to renewable energy by 2025. Ice- 
land, working with a consortium of corporations Led by Shell and 
DaimlerChrysler, plans to be the world's first hydrogen-powered 
e c o n ~ m y . ~  

So we can see pieces of the eco-economy emerging, but systemic 
change requires a fundamental shift in market signals, signals that 
respect the principles of ecological ~ustainabilit~. Unless we are 
prepared to shift taxes from income to environmentally destruc- 
tive activities, such as carbon emissions and the wasteful use of 
water, we will not succeed in building an eco-economy. (See Chap- 
ter 11.) 

Restoring the balances of nature is a huge undertaking. For en- 
ergy, it depends on shifting from a carbon-based economy to a 
hydrogen-based one. Even the most progressive oil companies, such 
as BP and Royal Dutch Shell, that are talking extensively about 
building a solarlhydrogen energy economy are still investing over- 
whelmingly in oil, with funds going into climate-benign sources 
accounting for a minute share of their inve~tment.~ 

Reducing soil erosion to the level of new soil formation will 
require changes in farming practices. In some situations, it will mean 
shifting from intense tillage to minimum tillage or no tillage. Agro- 
forestry will loom large in an eco-economy. 

Restoring forests that recycle rainfall inland and control flood- 
ing is itself a huge undertaking. It means reversing decades of tree 
cutting and land clearing with forest restoration, an activity that 
will require millions of people planting billions of trees. 

Building an eco-economy will affect every facet of our lives. It 
will alter how we light our homes, what we eat, where we live, 
how we use our leisure time, and how many children we have. It 
will give us a world where we are a part of nature, instead of es- 
triingcd from it. 

Itcstructurin)l the Economy 

A I I  economy that is in sync with thc carth's ecosystem will contrilst 
Iwofoundly with the polluting, disruptive, and ultimately self- 
~lrstructing economy of today-the fossil-fuel-based, automobilc- 
~cntcred, throwaway economy. One of the attractions of the west- 
c r ~ ~  cconomic model is that it has raised living standards for one 
tifth of humanity to a level that our ancestors could not have 
Jrcamed of, providing a remarkably diverse diet, unprecedented 
lcvcls of material consumption, and unimagined physical mobility. 
Irut unfortunately it will not work over the long term even for the 
:iffluent one fifth, much less for the entire world. 

Among the key economic sectors--energy, materials, and food- 
thc most profound changes will be in energy and materials. It is 
difficult to imagine a more fundamental sectoral restructuring than 
that in the energy sector as it shifts from oil, coal, and natural gas 
to wind, solar cells, and geothermal energy. 

With materials, the change is not so much in the materials used 
3s in the structure of the sector itself as it shifts from the linear 
cconomic model, where materials go from the mine or forest to the 
landfill, to the reuselrecycle model. In this closed loop system, which 
emulates nature, recycling industries will largely replace extraction 
industries. 

In the food sector, the big changes are not in structure, but in 
the way the sector is managed. The challenge here is to better man- 
age natural capital, to stabilize aquifers by increasing water pro- 
ductivity, and to conserve topsoil by altering agricultural practices. 
And above all else, it means sustaining the rise in land productivity 
in order to avoid clearing more forests for food production. 

We can now see what an eco-economy looks like. Instead of 
being run on fossil fuels, it will be powered by sources of energy 
that derive from the Sun, such as wind and sunlight, and by geo- 
thermal energy from within the earth. (See Chapter 5.) It will be 
hydrogen-based instead of carbon-based. Cars and buses will run 
on fuel-cell engines powered by electricity produced with an elec- 
trochemical process using hydrogen as the fuel instead of internal 
combustion engines. With fuel cells powered by hydrogen, there is 
no climate-disrupting CO, or noxious health-damaging pollutants; 
only water is emitted. 

In the ncw cc[)no~ny, atmospheric CO, levels will be stable. In 
contrast to ~ ( ~ t l ; ~ y ' s  c.lirrgy cconomy, whcrc the world's rcscrvcs of 
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oil and coal arc conccntratccl i t1  ;I  I I : I I I C I ~ L I I  of coi~ntries, cncrgy 
sources in the eco-economy will be widely dispersed-as widely 
distributed as sunlight and wind. The heavy dependence of theentire 
world on one geographic region-the Middle East-for much of 
its energy will likely decline as the new climate-benign energy sources 
and fuel-cell engines take over. 

The energy economy will be essentially a solarlhydrogen 
economy with various energy sources deriving from the Sun used 
either directly for heating and cooling or indirectly to produce elec- 
tricity. Wind-generated electricity, which is likely to be the lowest- 
cost source of energy, will be used t o  electrolyze water, producing 
hydrogen. This provides a means of both storing and transporting 
wind energy. Initially, existing natural gas pipelines will be used to 
distribute hydrogen. But over the longer term, both natural gas 
and oil pipeline networks can be adapted to carry hydrogen as the 
world shifts from a carbon-based t o  a hydrogen-based economy. 

The transport systems of cities will change-indeed, they al- 
ready are. Instead of the noisy, congested, polluting, auto-centered 
transport systems of today, cities will have rail-centered transport 
systems and they will be bicycle- and pedestrian-friendly, offering 
more mobiliry, more exercise, cleaner air, and less frustration. (See 
Chapter 9.) Historians looking back on the current system will 
likely see ir as a dark age in urban evolution. 

Urban transport systems will have the same components as they 
do  today: automobile, rail, bus, and bicycle. The difference will be 
in the mix. As more and more city planners recognize the inherent 
conflict between the automobile and the city, new, cleaner, more 
efficient transport systems will develop. Urban personal mobility 
will increase as automobile use and traffic congestion decline. 

The marerials sector of the eco-economy will look far different 
too. (See Chapter 6.) Mature industrial economies with stable popu- 
lations can operate largely by recycling the materials already in 
use. The materials loop will be closed, yielding no waste and noth- 
ing for the landfills. 

One of the keys to reversing the deforesration of the earth is 
paper recycling; the porential here has been only partly realized. A 
second key is developing alternative energy sources that will re- 
duce the amount of wood used as fuel. In addition, boosting the 
cfficicncy of wood burning can measurably lighten the load on  
forests. 

A~v~thcl. pro~l~ising option is the use of ci~rcfully dcsigl~cd, cco- 
I~~gic:llly managed, and highly productive tree plantations. A small 
. ~ r r ; ~  Jcvoted to plantations may be essential to protecting forcsts 
. I I  I I I ~  global level. Plantations can yield several times as much wood 
prl. hcctare as can a natural forest. 

In thc economy of the future, the use of water will be in balance 
will1 supply. Water tables will be stable, not falling. The economic 
rrstructuring will be designed to raise water productivity in every 
l':~cct of economic activity. 

In this environmentally sustainable economy, harvests from oce- 
. I I I ~ C  fisheries, a major source of animal protein in the human diet, 
will be reduced to the sustainable yield. Additional demand will be 
satisfied by fish farming. This is, ineffect, an aquatic version of the 
s:ilne shift that occurred during the transition from hunting and 
gilthering to farming. The freshwater, herbivorous carp polyculture 
on which the Chinese rely heavily for their vast production of farmed 
fish offers an  ecological model for the rest of the world.1° 

A somewhat similar situation exists for rangelands. One of the 
keys to alleviating the excessive pressure on  rangelands is to feed 
livestock the crop residues that are otherwise being burned for fuel 
or for disposal. This trend, already well under way in India and 
(Ihina, may hold the key to stabilizing the world's rangelands. (See 
(:hapter 7.)" 

And finally, the new economy will have a stable population. 
Over the longer term, the only sustainable society is one in which 
couples have an average of two children. 

Ncw Industries, New Jobs 

Ilescribing the eco-economy is obviously a somewhat speculative 
undertaking. In the end, however, it is not as open-ended as it might 
sccm because the eco-economy's broad outlines are defined by the 
principles of ecology. 

The purpose of describing the restructuring of the overall 
cconomy before turning to chapters on the key sectors is to give a 
sense of the dynamics a t  work. The specific trends and shifts de- 
scribed are not projections of what will happen, though the term 
"will" is often used here for the sake of efficiency. N o  one knows i f  
these shifts "will" in fact occur, but we do know that somethill,: 
like this is 11rrtlr<l if we a rc  to build an eco-economy. 

Wh;lr is I I I I I  y o  cIr:~r i s  Ilow ecological principles will transl;itc 
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ill111 ~ co l i o~n i c  design since, for cxalnple, each country has ;I unique 
combination of renewable energy sources that will power its 
cconomy. Some countries may draw broadly on all their renewable 
energy sources, while others may concentrate heavily on one that 
is particularly abundant, say wind or solar energy. A country with 
a wealth of geothermal energy may choose t o  structure its energy 
economy around this subterranean energy source. 

Building a new economy involves phasing out old industries, 
restructuring existing ones, and creating new ones. World coal use 
is already being phased out, dropping 7 percent since peaking in 
1996. It is being replaced by efficiency gains in some countries; by 
natural gas in others, such as the United Kingdom and China; and 
by wind power in others such as Denmark.12 

The automobile industry faces a major restructuring as it changes 
power sources, shifting from the gasoline-powered internal com- 
bustion engine to the hydrogen-powered fuel cell engine. This shift 
from the explosive energy that derives from ignitinggasoline vapor 
to a chemical reaction that generates electricity will require both a 
retooling of engine plants and the retraining of automotive engi- 
neers and automobile mechanics. 

The new economy will also bring major new industries, ones 
that either do not yet exist or that are just beginning. Wind elec- 
tricity generation is one such industry. (See Table 4-1.) Now in its 
embryonic stage, it promises to become the foundation of the new 
energy economy. Millions of turbines soon will be converting wind 
into electricity. becoming part of the global landscape. In many 
countries, wind will supply both electricity and, through the elec- 
trolysis of water, hydrogen. Together, electricity and hydrogen can 
meet all the energy needs of a modern society. 

In effect, there will be three new subsidiary industries associ- 
ated with wind power: turbine manufacturing, installation, and 
maintenance. Manufacturing facilities will be found in scores of 
countries, industrial and developing. Installation, which is basi- 
cally a construction industry, will be more local in nature. Mainte- 
nance, since it is a day-to-day activity, will be a source of ongoing 
local employment. 

The robustness of the wind turbine industry was evident in 2000 
and 2001 when high tech stocks were in a free fall worldwide. 
Whilc high tech firms as a group were performing poorly, sales of 
wind turbines were climbing, pushing the earnings of turhinc m;inll- 

I~idu\try. Description 

I:isli farming Although growth will slow from the double-digit 
rate of the last decade, rapid expansion is likely to 
continue. 

Hicycle Because bicycles are nonpolluting, quiet, require 
manufacturing little parking space, and provlde much-needed 

exercise in exercise-deprived societies, they will 
become increasingly common. 

Wind farm Wind electric generation, including off-shore wind 
construction farms, will grow rapidly over the next few decades, 

until wind is supplying most of the world's 
electricity. 

Wiud turbine Today the number of utility-scale wind turbines is 
manufacturing measured in the thousands, but soon it will be 

measured in the millions, creating an enormous 
manufacturing opportunity. 

Hydrogen As the transition from a carbon-based to a 
generation hydrogen-based energy economy progresses, 

hydrogen generation will become a huge industry as 
hydrogen replaces coal and oil. 

Fuel cell As fuel cells replace internal combustion engines in 
manufacturing automobiles and begin generating power in 

buildings, a huge market will evolve. 

Solar cell For many of the 2 billion people living in rural 
manufacturing Third World communities who lack electricity, 

solar cells will be the best bet for electrification 

Light rail As people tire of the traffic congestion and 
construction pollution associated with the automobile, cities in 

industrial and developing countries alike will be 
turning to light rail to provide mobility. 

Tree planting As efforts to reforest the earth gain momentum and 
as tree plantations expand, tree planting will 

. 
rlrierge as a leading economic activity. 



fncturcrs to thc top of the charts. Co~ i r i~~u ing  growth of t11i.i scctor 
is cxpccted for the next few decades. 

As wind power emerges as a low-cost source of electricity and a 
mainstream energy source, it will spawn another industry-hydro- 
gen production. Once wind turbines are in wide use, there will be 
a large, unused capacity during the night when electricity use drops. 
With this essentially free electricity, turbine owners can turn on the 
hydrogen generators, converting the wind power into hydrogen, 
ideal for fuel cell engines. Hydrogen generators will start to replace 
oil refineries. The wind turbine will replace both the coal mine and 
the oil well. (See Table 4-2.) Both wind turbines and hydrogen 
generators will be widely dispersed as countries take advantage of 
local wind resources. 

Changes in the world food economy will also be substantial. 
(See Chapter 7.) Some of these, such as the shift to fish farming, are 
already under way. The fastest growing subsector of the world food 
economy during the 1990s was aquaculture, expanding at more than 
11 percent a year. Fish farming is likely to continue to expand sim- 
ply because of its efficiency in converting grain into animal protein.'3 

Even allowing for slower future growth in aquaculture, fish farm 
output will likely overtake beef production during this decade. 
Perhaps more surprising, fish farming could eventually exceed the 
oceanic fish catch. Indeed, for China-the world's leading consumer 
of seafood-fish farming already supplies two thirds of the sea- 
food while the oceanic catch accounts for the other third.I4 

With this development comes the need for a mixed-feed indus- 
try, one analogous t o  that which provides the nutritionally bal- 
anced rations used by the poultry industry today. There will also 
be a need for aquatic ecologists, fish nutritionists, and marine vet- 
erinarians. 

Another growth industry of the future is bicycle manufacturing 
and servicing. Because the bicycle is nonpolluting, frugal in its use 
of land, and provides the exercise much needed in sedentary soci- 
eties, future reliance on  it is expected to grow. As recently as 1965, 
the production of cars and bikes was essentially the same, but to- 
day more than twice as many bikes as cars are manufactured each 
year. Among industrial countries, the urban transport model being 
pioneered in the Netherlands and Denmark, where bikes are fea- 
tured pr~minently, gives a sense of the bicycle's future role world- 
wide. li 

I~lc lus t ry  Description 

( :o.iI mining The 7 percent decline in world coal burning 
since it peaked in 1996 will continue in the years 
ahead. 

Oil pumping Projections based on shrinking oil reserves 
indicate production will peak and start declining 
in the next 5-20 years. Concern about global 
warming could bring the decline closer. 

Nuclear power Although concern focuses on safety 
arueration issues, it is the high cost that is ensuring the 

industry's decline. 

Clearcut logging The rapid spread in eco-labeling of forest 
products will likely force logging firms to 
change to sustainable harvesting or be driven 
out of business. 

Manufacture As efforts to close the materials cycle intensify, 

I of throwaway many throwaway products will be either banned 
products or taxed out of existence. 

Automobile As world population urbanizes, the conflict 
manufacturing between the automobile and the city will 

.- 
intensity, reducing dependence on automobiles. 

As bicycle use expands, interest in electrically assisted bikes is 
also growing. Similar t o  existing bicycles, except for a tiny battery- 
powered electric motor that can either power the bicycle entirely 
or assist elderly riders or those living in hilly terrain, its soaring 
sales are expected to continue climbing in the years ahead. 

Yet another growth industry is raising water productivity. Just 
as the last half-century has been devoted to raising land productiv- 
ity. the next half-century will be focused on  raising water produc- 
tivity. Virtually all societies will be turning to the management of 
water a t  the watershed level in order t o  manage available supply 
most efficicntly, Irrigation technologies will become more efficient. 
LJrbali w;lstr wiitcr recycling will become common. At present, water 
tcnds to flow i l l 1 1 1  : I I I ~  o i ~ t  of cities, carrying waste with it. In thc 



f u~ l~ rc ,  w;ltcr will bc ~lsed ovcr 311d over, never dischnrgc~l. Since 
w:ltcr docs not wear out, there is no limit to how long it can be 
used, as long as it is purified before reuse. 

Another industry that will play a prominent role in the new 
economy, one that will reduce energy use, is teleconferencing. In- 
creasingly for environmental reasons and to save time, individuals 
will be "attending" conferences electronically with bothaudio and 
visual connections. This industry involves developing the electronic 
global infrastructure, as well as the services, to make this possible. 
One day there will likely be literally thousands of firms organizing 
electronic conferences. 

Restructuring the global economy will create no! only new in- 
dustries, but also new jobs-indeed, whole new professions and 
new specialties within professions. (See Table 4-3.) For example, 
as wind becomes an increasingly prominent energy source, there 
will be a need for thousands of wind meteorologists to analyze 
potential wind sites, monitor wind speeds, and select the best sites 
for wind farms. The better the data on  wind resources, the more 
efficient the industry will become. 

Closely related t o  this new profession will be the wind engi- 
neers who design the wind turbines. Again, the appropriate tur- 
bine size and design can vary widely according to site. It will be the 
job of wind engineers t o  tailor designs to specific wind regimes in 
order to maximize electricity generation. 

Environmental architecture is another fast-growing profession. 
Among the signposts of an environmentally sustainable economy 
are buildings that arc in harmony with the environment. Environ- 
mental architects design buildings that are energy- and materials- 
efficient and that maximize natural heating, cooling, and lighting. 

In a future of water scarcity, watershed hydrologists will be in 
demand. It will be their responsibility to understand the hydro- 
logical cycle, including the movement of underground water, and 
to know the depth of aquifers and determinebtheir sustainable yield. 
They will be a t  the center of watershed management regimes. 

As the world shifts from a throwaway economy, engineers will 
hc needed to design products that can be recycled-from cars to 
c~~mputers .  Once products are designed to be disassembled quickly 
and easily into component parts and materials, con~prehensive re- 
cyc1111g is relatively easy. 

'li.ch~~trlogics ilsed in recycling are sometimes quite different fro111 

W i i ~ l  Wind meteorologists will play a role in the new energy 

~~~ctcorologists economy comparable to that of petroleum geologists in 
the old one. 

I:.imily planning If world population is to stabilize soon, literally millions 
tt~idwives of family planning midwives will be needed. 

1:11resters Reforesting the earth will require professional guidance 
on what species to plant where and in what 
combination. 

1 lydrologists As water scarcity spreads, the demand for hydrologists 
to advise on watershed management, water sources, and 
water efficiency will increase. 

Kccycling engineers Designing consumer appliances so they can be easily 
disassembled and completely recycled will become an 
engineering specialty. 

Aquacultural Until now, veterinarians have 5plcally specialized in 
veterinarians either large animals or small animals, but with fish 

farming likely to  overtake beet production before the 
end of this decade, marine veterinarians will be in 
demand. 

Ecological As it becomes clear that the basic principles of ecology 
economists must be incorporated into economic planning and 

policymaking, the demand for economiss able to think 
like ecologists will grow. 

Geothermal With the ltkelihood that large areas of the world will 
geolopists turn to geothermal energy horh for electricity and for 

heating, the demands for geothermal geologists will 
climb. 

I'.nvironmcntal Architects are learning the principles of ecology so  they 
architects can incorporate them iuto the buildings in which we live 

and work. 

Bicycle mechanics As the world turns to the bicycle for transportation and 
exercise, bicycle mechanics will be needed to keep the 
fleet running. 

Wind turbine With millions of wind turbines likely to he installed in 
engineers rhe decades ahead, there will be strong worldwide 

~ l e m a n ~ ~ r  wind turbine engineers. 
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used ilcarly 28 billion hurl.vls <)I i d ,  somc 76 nlillion barrcls 
per d a y  At $27 a barrel, this comes to $756 billion per year. How 

wind turbines will it take to produce this much energy? How 
many solar rooftops? How many geothermal wells?'8 

One  big difference between the investments in fossil fuels and 
those in wind power, solar cells, and geothermal energy is that the 
latter &ill supply energy in perpetuity. These "wells" will not run 
dry, ~f the money spent on oil in one year were invested in wind 

the electricity generated would be enough to meet one 
fifth o j  the world's needs.Ig 

Investments in the infrastructure for the new energy rconomy, 
which would eventually have to be made as fossil fuels are de- 
pleted, will obviously be huge. These include thetransmission lines 
that cdnnect wind farms with electricity consurncrs, and the pipe- 
lines tpat link hydrogen supply sources with end-users. To a sub- 
stantial degree, the infrastructure for the existing energy economy- 
the lines for electricity and the pipelines for natural 

be used in the new energy economy as well. The local 
pipeline distribution network in various cities for natural gas can 
easily pe converted to hydrogen. 

F~~ developing countries, the new energy sources promise to 
reduce dependence on imported oil, freeing up capital for invest- 
ment id domestic energy sources. Although few countries have their 

fields, all have wind and solar energy. In terms of eco- 
expansion and job generarion, thcse new energy technolo- 

ari a godsend. 
Invdstments in energy efficiency are also likely to grow rapidly 

,imply because they are so profitable. In virtually all countries, in- 
dustrial and developing, saved energy is the cheapest source of new 
energy, Replacing inefficient incandescent light bulbs with highly 
efficient compact fluorescent lamps offers a rate of return that stock 
 market^ are unlikely to match. 

The{e are also abundant investment opportunities in the food 
econon~y. It is likely that the world demand for seafood, for ex- 
ample, will increase at least by half over the next 50 years, and 

much more. If so, fish farming output-now 31 million 
t,,nsa year-will roughly need to triple, as will investments in fish 
farmind. .4lthough aquaculture's growth is likely to slow from the 
I 1 3 year of the last decade, it is nonetheless likely to be 
rol,ust, prcscnting a promising opportunity for future invcst~~~rilt."' 

A si11lil:lr situation cxists for trce plantations. At present, tree 
j~ I :~~~ t :~ t i o~~sCovc r  S0111e 113 million hectares. An expansion of these 
Ily : ~ t  1c:lst h:~lf, along with a continuing rise in productivity, is likely 
I O  he ncedcd both to satisfy future demand and to eliminate one of 
~ h r  pressures that are shrinking forests. This, too, presents a huge 
opportunity for investment." 

No sector of the global economy will be untouched by the Envi- 
ronmental Revolution. In this new economy, some companies will 
Ilc winners and some will be losers. Those who anticipate the emerg- 
Ing cco-economy and plan for it will be the winners. Those who 
cling to the past risk becoming part of it. 



Building the 
Solar/Hydrogen Economy 

111 May of 2001, the Bush White House released with great fanfare 
:I 20-year plan for the U.S. energy economy. It disappointed many 
people hecause it largely overlooked the enormous potential for 
raising energy efficiency. It also overlooked the huge potential of 
wind power, which is likely to add more to U.S. generating capac- 
i ty  over the next 20 years than coal does. The plan was indicative 
of the problems some governments are having in fashioning an 
cnergy economy that is compatible with the earth's ecosystem.' 

Prepared under the direction of Vice President Dick Cheney, the 
administration's plan centered on expanding production of fossil 
i d s ,  something more appropriate for the early twentieth century 
than the early twenty-first. It emphasized the role of coal, but the 
authors were apparently unaware that world coal use peaked in 
1996 and has declined some 7 percent since then as other countries 
have turned away from this fuel. Even China, which rivals the United 
States as a coal-burning country, has reduced its coal use by an 
estimated 14 percent since 1996.' 

The energy future that I see is very different from the one out- 
lined in thc l{11sli cncrgy plan. For example, the plan noted that thc 
2 pcrccnt 01' I1.S. ~.lcctricity generation that today comes from rc- 
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Table 5-1. Wznd Etrcrgy (;encnr/r~rji (.apuctty 
in Selected Countries, 2000 

Country Capacity 
(megawatts) 

Germany 6,113 
United States 2,554 
Spain 2,250 
Denmark 2,140 
India 1,167 

Source: See rndnotr 24. 

national electricity needs. China can double its existing generating 
capacity from wind alone. Densely Western Europe can 
meet all its electricity needs from offshore wind power out to an 
ocean depth of 30 metersz6 

As wind generating costs fall and as concern about climate 
change escalates, more and more countries are climbing onto the 
wind energy bandwagon. Beginning in December 2000, the scale 
of world wind energy development climbed to a new level. Early in 
the month, France announced it will develop 5,000 megawatts of 
wind power by 2010. Later in the month, Argentina announced a 
plan to develop 3,000 megawatts of wind power in Patagonia by 
2010. Then in April 2001, the United Kingdom accepted offshore 
bids for 1,500 megawatts of wind power. In May, a report from 
Beijing indicated that China plans to develop some 2,500 mega- 
watts of wind power by 2005." 

The actual growth in wind power is consistently outrunning 
earlier estimates. The European Wind Energy Association, which 
in 1996 had set a target of 40,000 megawatts for Europe by 2010, 
recently upped its goal to  60,000 megawatts.28 

In the United States, wind power was once confined to  Califor- 
nia, but during the last three years wind farms coming online in 
Colorado, Iowa, Minnesota, Oregon, Pennsylvania, Texas, and 
Wyoming have boosted U.S. capacity by half-from 1,680 mega- 
watts to 2,550 megawatts. (One megawatt of wind generating ca- 
pacity typically supplies 350 homes.) The 1,500 or more mega- 
watts to  be added in 2001 will be located in a dozen states. A 
300-megawatt wind farm under construction on the OregonNVash- 
ington border. currently the world's largest, can supply 105.000 

Source: Anzrrir~n Wind Energy Assaciotiori 
0 
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Figure 5-2. Al~erage Cost per Kilou~att-hour of Wind-powered 
Electricip in the United States, 1982, 1990, and 2001 

homes with ele~tricity.'~ 
But this is only the beginning. The Bonneville Power Adminis- 

tration (BPA), a U.S. federal agency power supplier, indicated in 
February that it wanted to buy 1,000 megawatts of wind-generat- 
ing capacity and requested proposals. Much to its surprise, it re- 
ceived enough proposals to build 2,600 megawatts of capacity in 
five states, with the potential of expanding these sites to over 4,000 
megawatts. BPA, which may accept most of these proposals, ex- 
pects to have at  least one site online by the end of 2001.30 

A 3,000-megawatt wind farm in the early planning stages in 
cast central South Dakota, near the Iowa border, is 1 0  times the 
size of the OregonNVashington wind farm. Named Rolling Thun- 
der, this ~ r o p o s e d  project-initiated by Dehlsen Associates and 
drawing on the leadership of Jim Dehlsen, a wind energy pioneer 
in California-is designed to feed power into the Midwest around 
Chicago. It is not only large by wind power standards, it is one of 
the largest energy projects of any kind in the world today." 

Income from wind-generated electricity tends to remain in the 
community, bolstering local economies by providing local income, 
jobs, and tax revenue. One large advanced-design wind turbine, 
occupying a quarter-acre of land, can easily yield a farmer or rancher 
$2,000 in royalties per year while providing the community with 
$100,000 of r l r c ~ ~ . i c i t ~ . ' ~  
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For farmers and ranchers, discovering the value ( ~ f  rhcir wind 
resources is like striking oil--except that thc wind is never depleted. 
One of wind's attractions is that the turbines scattered about a 
farm or ranch do not interfere with the use of the land for farming 
or cattle grazing. For ranchers with prime wind sites, income from 
wind can easily exceed that from cattle sales. The wind boom can 
rejuvenate rural communities throughout the world. 

Once we get cheap electricity from wind, we can use it to elec- 
trolyze water, splitting the water molecule into its component ele- 
ments of hydrogen and oxygen. Hydrogen is the simplest of fuels 
and, unlike coal or oil, is entirely carbon-free. It is the fuel of choice 
for the new, highly efficient fuel cell engine on which every major 
auto manufacturer is now working. DaimlerChrysler plans to mar- 
ket fuel cell-powered cars by 2003. Ford, Toyota, and Honda will 
probably not be far behind.33 

Surplus wind power can be stored as hydrogen and used in fuel 
cells or gas turbines to generate electricity, leveling supply when 
winds are variable. Wind, once seen as a cornerstone of the new 
energy economy, is likely to become its foundation. 

With the advancing technologies for harnessing wind and pow- 
ering motor vehicles with hydrogen, we can now see a future in 
which U.S. farmers and ranchers supply not only much of the 
country's electricity, but much of the hydrogen for its fleet of auto- 
mobiles as well. For the first time, the United States has the tech- 
nology to  divorce itself from Middle Eastern oil. 

Within the United States, a new lobby is developing for wind 
power. In addition to the wind industry and environmentalists, U.S. 
farmers and ranchers are now also urging lawmakers to support 
development of this abundant alternative to fossil fuels.34 

In manufacturing the turbines that convert wind into electricity, 
Denmark is the world leader. Sixty percent of all the turbines in- 
stalled in 2000 were either manufactured by Danish companies or 
licensed by them. This illustrates how a country can translate fore- 
sight and a strong environmental commitment into a dominant 
position in the fast-emerging eco-economy. The United States, al- 
though now experiencing an extraordinary growth in wind energy 
development, is struggling to get back into the race in the manu- 
facturing of wind energy turbines. The first utility-scale wind tur- 
line manufacturing facility to be built in the United States outside 
of California has recently started operation in Champaign, Illinois, 

I I I  tlic 1ic:lrt of thc (:orn l + ~ I t . ' ~  
'l'llc wc)l.l<l is hcginning to recognize wind for what it is-an 

I . I I C ~ K Y  S O L I ~ C C  that is both vast and inexhaustible, an energy source 
1li;11 c;111 si~pply both electricity and hydrogen for fuel. In the United 
br:rtes, farmers arc learning that two harvests-crops and energy- 
. ~ r c  hctter than one. Political leaders are realizing that harnessing 
I l ~ c  wind can conrribute to both energy security and climate stabil- 
I I ~ .  And consumers opting for green electricity are learning that 
I liey can help stabilize climate. This is a winning combination. 

Turning Sunlight into Electricity 

After wind power, the second fastest growing source of energy- 
\olar cells-is a relatively new one. In 1952, three scientists at Bell 
I ,;,bs in Princeton, New Jersey, discovered that sunlight striking a 
silicon-based material produced electricity. The discovery of this 
~~hotovoltaic or solar cell opened up a vast new potential for gener- 
ating ele~tr ici ty .~~ 

Initially very costly, solar cells could be used only for high-value 
purposes such as providing the electricity to operate satellites. An- 
other early economical use was powering pocket calculators. Once 
run on batteries, pocket calculators now typically rely on a thin 
strip of silicon for power. 

The next use to become economical was providing electricity in 
remote sites, such as summer mountain homes in industrial coun- 
tries and villages in developing countries not yet linked to an elec- 
trical grid. In the more remote villages, it is already more economi- 
cal to install solar cells than to build a power plant and connect the 
villages by grid. By the end of 2000, about a million homes world- 
wide were getting their electricity from solar cell installations. An 
estimated 700,000 of these were in Third World  village^.^' 

As the cost of solar cells continues to decline, this energy source 
i:, becoming competitive with large, centralized power sources. For 
Inany of the 2 billion people in the world who do not have access 
IO  electricity, small solar cell arrays provide a shortcut, an afford- 
;~ble source of electricity. In villages in the Peruvian highlands, for 
cxample, village families spend roughly $4 a month on candles. 
I:or just a bit more, they can have much higher quality lighting 
from solar cells. In some Third World communities not serviced by 
:i centrali~.cd power system, local entrepreneurs are investing in solar 
ccll gu1cr;ltin~ k~cilili<~s ;lnd selling thc energy to village families.'" 
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1'crIi;ipa the most exciting tccli~~c~logical advance has bccn the 
dcvclopment of a photovoltaic roofing material in Japan. A joint 
effort involving the construction industry, the solar cell manufac- 
turing industry, and the Japanese government plans to have 4,600 
megawatts of electrical generating capacity in place by 2010, enough 
to satisfy all of the electricity needs of a country like E ~ t o n i a . ~ ~  

With photovoltaic roofing material, the roof of a building be- 
comes the power plant. In some countries, including Germany and 
Japan, buildings now have a two-way meter-selling electricity to 
the local utility when they have an excess and buying it when they 
do not have enough.4o 

Newly constructed office buildings in the United States, Ger- 
many, and Switzerland have incorporated photovoltaic materials 
in their facades to generate electricity. Nothing in the appearance 
of these buildings would indicate to the casual observer that their 
glass walls and windows are in fact small power plants. 

Growth in the sales of photovoltaic cells averaged 20 percent a 
year from 1990 to 2000. Then in 2000, sales jumped by 43 per- 
cent. Over the last decade, worldwide sales of photovoltaic cells 
have increased more than sixfold-from 46 megawatts of capacity 
in 1990 to  288 megawatts in 2000. (See Figure 5-3.)41 

The big three in solar cell manufacturing are Japan, the United 
States, and the European Union. In 1999, production of solar cells 
in Japan alone jumped to 80 megawatts, pushing it into first place 
ahead of the United States. A large share of the solar cells produced 

Megawarts 
300 7 
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1 1 1  111c Ill~irrcl St;~tcs, which rcacllrd 60 megawatts in 1999, was 
~ . x l ~ r t c c l  to dcvcloping countries. Europe is currently in third place, 
W I I I I  40 lilcgawatts of production in 1999, but its capacity expanded 
I l y  inorc than half when Royal Dutch Shell and Pilkington Glass 
t>l>uicd a 25-megawatt solar cell manufacturing facility in Ger- 
111.111y.~~ 

Whcn RP merged with Amoco, it also acquired Solarex, the so- 
I.~~.c'll arm of Amoco, making BP overnight the world's third-rank- 
I I I ~  manufacturer of solar cells after Sharp and Kyocera, both of 
I . I I > ; ~ .  SiemenslShell is in fourth place. The world solar cell market 
IS ~iinrked by intense competition among companies and among 
~(luntries. One reason leading industrial countries have ambitious 
z11l;ir roof programs is to help develop their solar cell manufactur- 
iiig i n d u s t r i e ~ . ~ ~  

japan, Germany, and the United States all have strong programs 
111 support this industry. The new ShelVPilkington manufacturing 
1;lcility in Germany was built in response to a vigorous German 
program to  increase the use of solar energy, particularly on roof- 
I ~ I > S .  In contrast to  the Japanese, which rely on a cash subsidy to  
I lic buyers of solar roofing systems, the German government offers 
:I bonus price for solar cell electricity and uses low-interest loans to 
mcourage investment. Germany has a 100,000 Roofs program, 
with a goal of installing 300 megawatts of solar cells by 2005. The 
I I.S. Million Solar Roofs program was launched in 1997. Although 
i~ is an impressive goal, government financial support is not nearly 
. I \  strong as in Japan and Germany. Italy, too, has begun to move 
forward on the solar front, with a 10,000 Solar Roofs program.44 

The potential in the solar arena is enormous. Aerial photographs 
zl~ow that even in the notoriously cloudy climate of the British 
Islcs, putting solar cells on the country's existing roofs could gener- 
:Ire 68,000 megawatts of power on a bright day, about half of 
Ilritain's peak power 

The costs of solar cells has fallen from more than $70 per watt 
a)f production capacity in the 1970s to less than $3.50 per watt 
roday. And it is expected to  continue dropping, possibly falling to 
orily $1 per watt as technologies advance and as manufacturing 
c,;~pacity expands by leaps and bounds. Research designed to im- 
prove photovoltaic technology is under way in literally hundreds 
of l3horatorics. Sc;ircely a month goes by without another advance 
i l l  either p h ~ ~ r ~ ~ v c ~ l ~ : i i c  cell design or manufacturing te~hnology.~" 



' l ipping the Earth's Heat 

In contrast to other sources of rcncwable energy, such as wind 
power, solar cells, and hydropower, which rely directly or indi- 
rectly on sunlight, geothermal energy comes from within the earth 
itself. Produced radioactively within the earth and by the pressures 
of gravity, it is a vast resource, most of which is deep within the 
earth. Geothermal energy can be economically tapped when it is 
relatively close to the surface, as evidenced by hot springs, geysers, 
and volcanic activity. 

This energy source is essentially inexhaustible. Hot  baths, for 
example, have been used for millennia. It is possible to extract heat 
faster than it is generated at  any local site, but this is a matter of 
adjusting the extraction of heat to  the amount generated. In con- 
trast to oil fields, which are eventually depleted, properly managed 
geothermal fields keep producing indefinitely. 

Geothermal energy is much more abundant in some parts of the 
world than in others. The richest region is the vast Pacific Rim. In 
the East Pacific, geothermal resources are found along the coastal 
regions of Latin America, Central America, and North America all 
the way to Alaska. On  the west side, they are widely distributed in 
Eastern Russia, Japan, the Korean Peninsula, China, and island 
countries such as the Philippines, Indonesia, New Guinea, Austra- 
lia, and New Zealand."' 

This buried energy source is used directly both to  supply heat 
and to  generate electricity. When used for heat, hot water or steam 
is typically pumped from underground, heat is extracted, and then 
the water is re-injected into the earth. Electricity can be generated 
from hot water pumped from beneath the earth's surface, from 
steam extracted directly, o r  from steam produced by circulating 
water into fissures in hot rock below the surface. Geothermal en- 
ergy extracted directly can be used for space heating, as in Iceland, 
where it heats some 85 percent of buildings; for hot baths where 
springs bring geothermal energy to the surface, as in Japan; and for 
generating electricity, as in the United States.4R 

First harnessed for electricity generation in Italy in 1904, geo- 
thermal energy is now used in scores of countries, although in many 
cases it is used primarily to supply hot water to bath houses. Dur- 
ing the first seven decades of the twentieth century, the growth in 
gcotlicrnial elcctrical generating capacity was modest, reaching only 
I ,  I00 megawatts in 1973. With the two oil price hikcs in  I973 

.11ic1 1979, Iiowcvcr, use of geothermal energy began to grow. By 
1'198, it had expanded nearly eightfold, to 8,240 megawatts. (See 
Itigurc 54.)4q 

'I'lic United States, with more than 2,800 megawatts of capac- 
ity, is the world leader in tapping this energy source. But as a share 
of national electricity generation, other, smaller countries are far 
;~llcad. Whereas the United States gets only 1 percent of its electric- 
11y from geothermal energy, Nicaragua gets 28 percent and the 
I'liilippines, 26 percent:'" 

Most countries have barely begun to tap their wealth of geo- 
111ermal energy. For countries rich in geothermal energy, such as 
rl~ose on the Pacific Rim, bordering the Mediterranean Sea, and 
 long Africa's Great Rift, geothermal heat is potentially a huge 
source of energy-and one that does not disrupt the earth's cli- 
Illate. In Japan, an  abundance of ,geothermal energy is close to the 
surface, as the thousands of hot spring spas throughout the coun- 
try attest. It is estimated that the electrical generating ca- 
pacity of geothermal energy in Japan could meet 30 percent of the 
country's needs. Some countries are so well endowed that they can 
run their economies entirely on geothermal energy." 

In a time of mounting concern about climate change, many gov- 
ernments are beginning to exploit the geothermal potential. The 
U.S. Department of Energy, for example, announced in 2000 that 
it was launching a program to develop the rich geothermal energy 
resources in the western United States. The goal is to have 10 per- 

Megawatts 
l0,OOO ,-- 



ccnt of thc electricity in the Wcst coming from geothermal energy 
I7y 2020." 

Natural Gas: The Transition Fuel 
Over the last half-century, the use of natural gas has increased 12- 
fold. Indeed, in 1999 natural gas eclipsed coal as a world source of 
energy, making it second only to oil. (See Figure 5-5.) This growth 
in natural gas use is fortuitous, because as this energy source grows, 
the storage and distribution system-whether long-distance pipe- 
lines or the detailed distribution networks within cities that supply 
natural gas to  individual residences-is also expanding, setting the 
stage for the eventual switch to  a hydrogen economy.s3 

Natural gas could overtake oil as the world's leading source of 
energy within the next 20 years, particularly if an anticipated down- 
turn in oil production comes in this decade rather than the next. 
Natural gas has gained in popularity both because it is a clean- 
burning source of energy and because it is less carbon-intensive 
than either coal or oil. It emits scarcely half as much carbon as coal 
does for each unit of energy produced. In contrast to  both coal and 
oil, which often emit sulfur dioxide and nitrous oxides when burned, 
gas burns cleanly.s4 

It is this clean-burning quality that has appealed to governments 
as a way of reducing air pollution. In China, for example, shifting 
from coal to natural gas for both industrial and residential uses is 

Million Tons of Oil Equivalenr 
3,500 - 1 

Figure 5-5. World Fossil Ftrel Consumption, 
I l) YO-2000 

~ t . ( l ~ ~ c i ~ ~ g  rllc urban a i r  pollution that has claimed literally millions 
I I I  1ivc.s in rcccnt years. As part of its long-term planning, China is 
I~t~ilcling a new pipeline from gas fields discovered in its far north- 
wt.sr to the city of Lanzhou in Gansu Province. The government 
Ii;ls also approved the import of natural gas and is now planning 
111 h ~ ~ i l d  a pipeline linking Russia's Siberian gas fields with Beijing 
.11it1 Tianjin, both leading industrial cities.js 

Natural gas's potential to play a central role in the transition 
Irom the fossil fuel era to the solar/hydrogen era has not escaped 
~ l i c  more progressive leaders in this industry. For example, Gasunie, 
111c Netherlands natural gas utility, expects to  be a major player in 
I his transition. Although Gasunie now transports natural gas from 
111c North Sea gas fields across the Netherlands to other countries 
i l l  Europe, the firm plans eventually to use offshore wind power to 
gtmerate electricity, converting it into hydrogen that will then be 
~iioved through the pipeline system now used for natural gas.j6 

In the United States, Enron, a Texas-based natural gas company 
1l1:it in recent years has become a global energy company, is also 
liccnly aware of the part it can play in the transition to the new 
rnergy economy. In recent years, it has purchased two wind com- 
p;i~lies, which gives it the capacity to exploit the vast wind resources 
( ~ f  Texas. This abundance of wind to generate cheap electricity and 
produce hydrogen gives Enron the option of one day feeding the 
hydrogen into the same distribution network of pipelines that it 
now uses to  distribute natural gas in the Northeast and Midwest.j7 

A similar situation exists in China, where the development of 
natural gas fields in the northwest and the pipelines used to carry 
the gas eastward to industrial cities could one day be used to carry 
hydrogen produced with the region's wealth of wind resources. 
('l'he installarion of wind turbines along with the more traditional 
windbreaks of trees in areas where soil is vulnerable to wind ero- 
sion could also help control erosion and the dust storms that blow 
:)cross the country to  Beijing and other cities.) 

Natural gas companies are well positioned to  be leaders in build- 
i ~ ~ g  the solarhydrogen economy. They may someday invest in wind 
c.lc.ctric generation in remote regions that have a wealth of wind, 
. ~ n d  then use that electricity to  electrolyze water and produce hy- 
drogen. This could then be exported in liquid form, much as natu- 
~.;il gas is now compressed into liquid form for shipping in tankers. 



Getting to the Hydrogen Economv 

The transition from fossil fuels t o  a solarlhydrogen energy economy 
can be seen in the widely differing growth rates among the various 
sources of energy. (See Table 5-2.) During the 1990s, wind power 
grew by a phenomenal 25 percent annually, expanding from 1,930 
megawatts in 1990 to 18,449 megawatts in 2000. Sales of solar 
cells, meanwhile, grew at  20  percent a year, while geothermal en- 
ergy grew by 4 percent annually. Hydropower, the fourth renew- 
able energy source, grew a t  2 percent a year. 

Table 5-2. Trends in Energy Use, b y  Source, 1990-2000 

Energy Source Annual Rate of Growth 
(percent) 

Wind power 25 
Solar cells 20 
Geothermal power 4 
Hydroelectric power 2 
Natural Gas 2 
Oil 1 
Nuclear Power 0.8 
Coal - 1 
Source: Xrorldwarch Insrirure, Vml  Ststis 2001 (New York: W.W. 
Norton L% Company, 2001), p p  1 M 7 .  

Among the fossil fuels, natural gas grew the fastest, at 2 percent 
annually, followed by oil a t  I percent. Coal use declined by 1 per- 
cent a year, with the actual decline coming after 1996. Nuclear 
power continued t o  grow, but just barely, averaging less than 1 
percent a year during the decade. 

'The contrasting growth rates among the various energy sources 
were even greater in the year 2000 than during the 1990s. World 
wind generating capacity grew hy 32 percent and sales of solar 
cells by 43  percent. The burning of coal, the fossil fuel that launched 
the industrial era, declined by 4 percent in 2000; natural gas in- 
creased by 2 percent; and oil increased by 1 percent. Nuclear power 
cxpanded by less than 1 percent. These data for the latest year- 
with the dramatic gains in wind and solar combined with the sharp 
clccline for coal-indicate that the restructuring of the energy 
ccouomy is gaining mo~nentum."~ 
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(:o:~l is t l ~c  first fossil fucl to pcak and begin to decline. After 
~rc;lcIii~ig a historic high in 1996, production dropped 7 percent by 
LO00 and is expected to continue declining as the shift to natural 
R;IS and rcnewables gains momentum. Coal consumption is declin- 
ing sharply in both the United Kingdom, the country where the 
Industrial Revolution began, and in China, the world's largest user.s9 

The shift in the fortunes of nuclear power could hardly be more 
dramatic. In the 19ROs, world nuclear generating capacity expanded 
hy 140 percent; during the 1990s, it expanded by 6 percent. Con- 
fronted with decommissioning costs of power plants that could 
rival the original construction costs, the energy source that was t o  
be "too cheap to meter" is now too costly to use. Wherever elec- 
tricity markets are opened to competition, nuclear power is in 
trouble. With a number of older plants scheduled toclose, its world- 
wide use is likely to peak and start declining in a matter of years.6o 

Nuclear power plant closings are now under way or slated in 
the years immediately ahead in many countries, including Bulgaria, 
Germany, Kazakhstan, the Netherlands, Russia, the Slovak Repub- 
lic, Sweden, and the United States. In three countries once solidly 
committed t o  this energy source-France, China, and Japan- 
nuclear power is losing its appeal. France has extended its morato- 
rium on new plants. China has said it will not approve any addi- 
tional plants for the next three years. Japan's once ambitious 
program is in trouble. A serious accident in September 1999 at a 
nuclear fuel fabrication plant north of Tokyo has reinforced rising 
public concerns about nuclear safety in J a ~ a n . ~ '  

Meanwhile, the use of wind and solar cells is growing by leaps 
and bounds. The spectacular growth in wind-generated electricity 
is driven by its falling cost. With the new advanced-design wind 
turbines, electricity is being generated at less than 4$ per kilowatt- 
hour in prime wind sites-down from 18$ a decade ago. Surpluses 
of wind-generated electricity on  long-term contracts can guarantee 
the price, something those relying on oil or natural gas cannot do. 
With annual additions of wind capacity during the late 1990s ex- 
cceding those of nuclear power, the torch is passing to a new gen- 
cration of energy t e~hno log i e s .~~  

In contrast to the old energy economy, in which a handful of 
countries control the supply, the new energy sources are widely 
tlispcrsed. The cconomic opportunity for developing countries to 
dcvclop thcir i~ l t l i~ rnous  energy sources promises a strong boost to 



their overall development. New coalitions are cvolving ill  support 
of the new energy sources, such as the one between U.S. environ- 
mental and agricultural groups in support of wind power develop- 
ment. 

Satisfying the local demand for electricity from wind is not the 
end of the story. As noted earlier, cheap electricity produced from 
wind can be used to electrolyze water, producing hydrogen. At night, 
when electricity demand falls, electricity from wind farms can be 
used to  power hydrogen generators to produce fuel for automo- 
biles, trucks, and tractors. 

With the first automobiles powered by fuel cell engines expected 
on the market in 2003 and with hydrogen as the fuel of choice for 
these new engines, a huge new market is opening up. As noted 
earlier, Royal Dutch Shell is already opening hydrogen stations in 
Europe. William Ford, the youthful chairman of the Ford Motor 
Company board, has said he expects to  preside over the demise of 
the internal combustion engine.63 

The economic benefits of developing local low-cost renewable 
sources of energy are obvious. In a community, for example, that 
gets its electricity from wind power, the money spent for electricity 
stays largely in the region. Developing wind resources thus prom- 
ises to  help rural communities in many countries, providing a wel- 
come supplemental source of income and employment. 

As the world energy economy is restructured, so, too, will the 
rest of the economy change. The geography of economic activity 
will be altered, in some cases dramatically. The traditional siting of 
heavy industry, such as steel production, in areas where coal and 
iron ore are found in close proximity will no longer be necessary. 
In the future, energy-intensive industries will be located in wind- 
rich regions rather than coal-rich regions. Countries that were once 
importers of energy may become self-sufficient, even exporting elec- 
tricity or hvdronen. - 

o n e  of ;he characteristics of the new energy economy is that it 
will rely much more on decentralized small-scale power sources 
rather than a few large, centralized systems. Small-scaleenergy sys- 
tems designed to satisfy the needs of individual homes, factories, 
or office buildings will become much more common. Instead of a 
fcw highly concentrated energy sources, the world will be turning 
tc~ vast numbers of small individual sources of energy. Fuci cells 
powered with hydrogen and the highly efficient conrhinrcl-cyclc 
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I : : ~ ~ ~ ~ r l , i n c s  that arc powered by either natural gas or hydrogen 
will l,c*conlc common. Fuel cells can be used to generate electricity 
101. office buildings, factories, or individual homes or to power 
:~~rr(~mol)ilcs. 

In the eco-economy, hydrogen will be the dominant fuel, re- 
pl;icing oil, much like oil replaced coal and coal replaced wood. 
i l ice  hydrogen can be stored and used as needed, it provides per- 
Irct support for an energy economy with wind and solar power as 
111~. rliain pillars. If this pollution-free, carbon-free energy source 
can be developed sooner rather than later, many of our present 
cncrgy-related problems can be solved. Electricity and hydrogen 
C;III together provide energy in all the forms needed to operate a 
rnodern economy, whether powering computers, fueling cars, or 
~nanufacturing steel. 

O n  first reflection, such an energy system may seem a farfetched 
idea. But two decades ago, the idea of desktop or laptop comput- 
crs and Internet communication seemed equally farfetched. As Seth 
Ilunn of Worldwatch Institute notes, what is most inconceivable is 
that an information-age economy should be powered by a primi- 
tive, industrial-age energy system. As corporate and government 
~lccisionmakers begin to understand the need to restructure the 
energy economy, and just how economical and practical a zero- 
rmissions, carbon-free energy system can be, then they may finally 
summon the sort of effort that supported the last great energy tran- 
sition-the one from wood to fossil fuels a century ago.64 

If the goal is to expand wind electric generation fast enough to 
accelerate the phaseout of coal, it would mean extraordinarily rapid 
growth in wind energy. Is such growth possible? Yes. The growth 
in the Internet provides a model. Between 1985 and 1995, the num- 
I,cr of host computers on the Internet more than doubled each 
year. In 1985, there were 2,300 host computers on  the Internet. By 
1995, there were 14,352,000.6' 

A back-of-the-envelope calculation indicates what kind of 
growth would be needed for wind to become the foundation of the 
global energy economy, and how much it would cost. What would 
1i:ippen if wind electric generation doubled each year for the next 
I0 years, as adoption of the Internet did? Assume for the sake of 
calculation that in 2000 the world had 20,000 megawatts of wind- 
generating clcctricity online and that in 2001 this doubled to 40,000 
r1iegaw;lrts. rhnl rn 2002 to  80,000 megawatts, and so forth. At 
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this rate, by 2005, it would be 640.000 ~negawatts-nearly enough 
to meet all U.S. electricity demand. By 2010, it would reach 20.4 
million megawatts of wind generating capacity, far beyond today's 
3.2 million megawatts of world generating capacity or the projec- 
tion of 4 million or so megawatts of capacity needed by 2010. This 
would not only satisfy world electricity needs, it could meet other 
energy needs as well-including those for transportation and heavy 
industry as well as residential uses.6" 

How much would this cost? Assuminggenerously that it would 
take $1  million of investment per megawatt of electricity, 10  mil- 
lion megawatts of wind power capacity would require an invest- 
ment over the next 10  years of $10 trillion. This would amount to 
roughly $1  trillion a year-about double what the world spent for 
oil in 2000, or just 2.5 percent of the gross world product of $40 
trillion. Another financial reference point, which is in some ways 
more relevant, is the $700 billion that the world's governments 
have been spending each year on environmentally destructive ac- 
tivities, such as coal mining, excess fishing capacity, and  
overpumping of aquifers. (See Chapter 11.) Shifting these subsi- 
dies into investment in wind development would accelerate the evo- 
lution of an eco-economy on  several fronts simultaneously. This 
calculation simply illustrates that if the world wants to move quickly 
to eliminate excessive carbon emissions, it can do so.h' 

The transition from a fossil-fuel- or carbon-based economy to  a 
high-efficiency, hydrogen-based economy will provide enormous 
investment and employment opportunities across the globe. The 
question is not whether there will be an energy revolution. It is 
already under way. The only questions are how rapidly it will un- 
fold, whether it will move fast enough to prevent climate change 
from getting out of hand, and who will benefit most from the tran- 
sition. 

Realistically, how fast could wind generation expand during this 
decade? During the 1990s i t  expanded at 25 percent a year, with 
only a half-dozen countries accounting for most of the growth. If 
all countries with commercially viable wind sites began developing 
their wind, how fast could it expand? Could it double each year? 
That would be tough, requiring a mobilization akin to that during 
World War 11. There might be a few annual doubling early in the 
ciccadc while the base is still small, but then the rate of expansion 
would slow. How fast the world develops wind resources will dc- 
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p~11iI i l l  part 011 how fast clilnnte changes and how alarmed we 
I)cconle hy rccord heat waves, rapid ice melting, and more destruc- 
live storms. Although predicting the rate of future growth is not 
~x)ssihlc, it is clearly safe to  assume that the world could be getting 
I I I L I ~ I I  of its electricity from wind by 2010 if it becomes important 
I I I  do SO." 

In his Worldwatch Paper Hydrogen Futures, Seth Dunn quotes 
I'rcsident John F. Kennedy: "There are risks and costs to  a pro- 
gram of action. But they are far less than the long-range risks and 
costs of comfortable inaction." Dunn then goes on  to establish the 
parallel benveen Kennedy's cold war observation and the current 
cnergy transition. "There are risks and costs involved in rapidly 
huilding a hydrogen economy, but they are far less than the long- 
range risks and costs of remaining comfortably committed to the 
hydrocarbon economy."h9 

The key to  accelerating the transition to a hydrogen economy is 
t o  get the market to incorporate ecological costs in the prices. The 
IIconomist argues that there is a need to level the playing field and 
then let the market take it from there: "That means, for example, 
dismantling the many subsidies that prop up coal and other fossil 
fuels. It also means introducing a carbon tax or similar mechanism 
to ensure that prices for fossil fuels reflect the harm they do  to  
human health and to the environment." More and more analysts 
are reaching this same conclusion. A recent study by the 
Organisation for Economic Co-operation and Development also 
argues for restructuring taxes in order ro reduce carbon emissions. 
I'hasing in a carbon tax so that the burning of fossil fuels would 
reflect their full cost to  society would accelerate the transition to  
wind energy, solar cells. and geothermal energy, expanding them 
far faster during this decade than during the last.'O 



Designing a N e w  
Materials Economy 

In  March 2001, the Fresh Kills landfill, the local destination for 
New York City's daily output of 12,000 tons of garbage, was per- 
~nanently closed. Now the garbage is hauled to distant sites in New 
lcrsey, Pennsylvania, and Virginia-some of them more than 480 
Ikilometers (300 miles) away. Assuming a load of 20 tons of gar- 
bage for each of the tractor-trailers [hat are used for the long-dis- 
tance hauling, some 600 rigs are needed to remove garbage from 
New York City each day. These tractor-trailers form a convoy nearly 
IS kilometers (9  miles) long, impeding trattic, polluting the air, 
iind raising carbon emissions. This daily convoy of trucks leaving 
the city led Deputy Mayor Joseph J. Lhota, who supervised the 
I:resh Kills shutdown, to say that getting rid o t  the city's trash is 
I I ~ W  "like a military-style operation on a daily basis."[ 

What is happening in New York will occur in other cities it they 
also fail to adopt comprehensive recycling programs. Instead of 
focusing efforts on reducing garbage as the Fresh Kills landfill was 
filling, the decision was made to simply haul the garbage to more 
rcmote sites. Even a simple measure like recycling all its paper could 
.shorten tlic cliiily convoy leaving the city by 187  tractor-trailers or 
4.5 1tilornctc1.s (1.8 ~i i i l cs ) .~  










































