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FOREWORD

e all can learn some lessons from this book, especially we

economists. We can learn about the background against

which economic processes are developing and about the
space in which they take place, our planet Earth. That background, that
space, is large in comparison to the problems economists usually deal
with, but it is finite, and everything economic has to be done on, in, or
around it.

Two things are unlimited: the number of generations we should
feel responsible for and our inventiveness. The first provides us with a
challenge: to feed and provide for not only the present but all future
generations from the earth’s finite flow of natural resources. The sec-
ond, our inventiveness, may create ideas and policies that will con-
tribute to meeting that challenge.

Our responsibility to all generations extends especially to those
now living on poor continents or in the poorest quarters of cities on all
continents. In the present and the future it extends to more than cnsur-

Foreword

ing food and material provisions; it also extends to keeping the envi-
ronment clean.

The time is past when incomes are becoming unequal globally, But
at the present rate it would still take far too long for them to become
equal: five centuries. Whether the highest present incomes can be
maintained is very doubtful. Market economies are obviously in need
of some intervention in order to provide public goods, to aveid too
much inequality, and to approach sustainability.

It is the great merit of Beyond the Limits that it shows us where and
when we may reach the frontiers of the possible and thus clarifies the
conditions under which sustainable development, a clean environment,
and equitable incomes can be organized. It shows that there are excit-
ing possibilities, and that they are limited, more so than some
econormists think. It reveals that the possible average sustainable in-
come level is lower today than twenty years ago. That is the conse-
quence of our failure to understand the limits to the use of natural
resources. And the book also shows us where human creativity has im-
proved our prospects, as in energy efficiency, resource recycling, and
increases in the average length of human life, '

As economists we mugt be grateful to these authors for showing us
where the present path of human development threatens to exceed the
limits, and for flustrating the contributions economics and other disci-
plines must make to meet the great human challenge of avoiding war,
famine, disease, and pollution, and of building a sustainable future.

Jan Tinbergen

Nobel Laureate, Economics
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PREFACE

described the prospects for growth in the human population

and the global economy during the coming century. In it we
raised questions such as: What will happen if growth in the world’s
population continues unchecked? What will be the environmental con-
sequences if economic growth continues at its current pace? What can
be done to ensure a human economy that provides sufficiently for all
and that also fits within the physical limits of the Earth?

We had been commissioned to examine these questions by The
Club of Rome, an international group of distinguished businessmen,
statesmen, and scientists. They asked us to undertake a two-year study
at the Massachusetts Institute of Technology to investigate the long-
term causes and consequences of growth in population, industrial capi-
tal, food production, resource Consumption, and pollution. To keep
track of these interacting entities and to project their possible paths
into the future we created a computer model called World3.2

The results of our study were described for the general public? in

' I lwenty years ago we wrote a book called The Limits to Growth.1 It

-
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The Limits to Growth. That book created a furor. The combination of
the computer, MIT, and The Club of Rome pronouncing upon human-
ity’s future had an irresistible dramatic appeal. Newspaper headlines
announced:

A COMPUTER L.OOKS AHEAD AND SHUDDERS
STUDY SEES DISASTER BY YEAR 2100
SCIENTISTS WARN OF GLOBAL CATASTROPHE.4

Our book was debated by parliaments and scientific societies. One
major oil company sponsored a series of advertisements criticizing it;
another set up an annual prize for the best studies expanding upon it
The Limits to Growth inspired some high praise, many thoughtful re-
views, and a flurry of attacks from the left, the right, and the middle of
mainstream economics,

The book was interpreted by many as a prediction of doom, but it
was not a prediction at all. It was not about a preordained future. It was
about a choice. It contained a warning, to be sure, but also a message
of promise. Here are the three summary conclusions we wrote in 1972,
The second of them is the promise, a very optimistic one, but our anal-
ysis justified it then and still justifies it now. Perhaps we should have
listed it first.

1. If the present growth trends in world population, industrializa-
tion, pollution, food production, and resource depletion con-
tinze unchanged, the limits to growth on this planet will be
reached sometime within the next 100 years. The most probable
result will be a sudden and uncontrollable decline in both popu-
lation and industrial capacity. '

2. It is possible to alier these growth trends and to establish a con-
dition of ecological and economic stability that is sustainable far
into the future. The state of global equilibrium could be de-
signed so that the basic material needs of each person on earth
are satisfied and ‘each person has an equal opportunity to real-
ize his or her individual human potential.

3. If the world’s people decide to strive for this second outcomeé
rather than the first, the sooner they begin working to attain it,
the greater will be their chances of success.
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Beyond the Limits

To us those conclusions spelled out not doom but challenge—how
to bring about a society that is materially sufficient, sacially equitable,
and ecologically sustainable, and one that is more satisfying i in human
terms than the growth-obsessed society of today.

In one way and another, we've been working on that challcngc ever
since. Millions of other people have been working on it too. They've
been exploring energy efficiency and new materials, nonviolent conflict
resolution and grassroots community development, pollution preven-

tion in’ factories and recycling in towns, ecological agriculture and in-

ternational protocols to protect the ozone layer. Much has happened in
twenty years to bring about technojogies, concepts, and institutions
that can create a sustainable future. And much has happened to perpet-
uate the desperate poverty, the waste of resources, the accumulation of
toxins, and the destruction of nature that are tearing down the support
capacity of the earth.

When we began working on the present book, we simply intended
to document those countervailing trends in order to update The Limits
to Growth for its reissue on its twentieth anniversary. We soon discov-
ered that we had to de more than that. As we compiled the numbers,
reran the computer model, and reflected on what we had learned ‘over
two decades, we 'realized that the passage of time and the continuation
of many growth trends had brought the human society to a new posi-
tion relative to its limits.

In 1971 we concluded that the physical limits to human use of ma-
terials and energy were somewhere decades ahead. In 1991, when we
looked again at the data, the computer model, and our own experience
of the world, we realized that in spite of the world’s improved technolo-
gics, the greater awareness, the stronger environment policies, many re-
source and pollution flows had grown beyond their sustainable limits.

That conclusion came as a surprise to.us, and yet not really a sur-
prise. In a way we had known it all along. We had seen for ourselves
the leveled forests, the gullies in the croplands, the rivers brown with
sil. We knew the chemistry of the ozone layer and the greenhouse ef
fect. The media had chronicled the statistics of global fisheries, ground-
water drawdowns, and the extinction of species. We discovered, as we
began to talk to colleagues about the world being “beyond the limits,”
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that they did not question that conclusion. We found many places in
the literature of the past twenty years where authors had suggested that
resource and pollution flows had grown too far, some of which we have
quoted in this book.

But until we started updating The Limils to Growth we had not let
our minds fully absorb the message. The human world is beyond its
limits. The present way of doing things is unsustainable. The future, to
be viable at all, must be one of drawing back, easing down, healing.
Poverty cannot be ended by indefinite material growth; it will have to
be addressed while the material human economy contracts, Like every-
one eise, we didn’t really want to come to these conclusions,

But the more we compiled the numbers, the more they gave us that
message, loud and clear. With some trepidation we turned to World3,
the computer model that had helped us twenty years before to inte-
grate the global data and to work through their long-term implications.
We were afraid that we would no longer be able to find in the model
any possibility of a bchcvable sufficient, sustainable future for all the
world’s people.

But, as it tarned out, Wc: could World3 showed us that in twenty
years some options for sustainability have narrowed, but others have
opened up. Given some of the technologies and institutions invented
over those twenty years, there are real possibilities for reducing the
streams of resources consumed and pollutants generated by the human
economy while increasing the quality of human life, It is even possible,
we concluded, to eliminate poverty while accommodating the popula-
tion growth already implicit in present population age structures—but
not if population growth goes on indefinitely, not if it goes on for long,
and not without rapid improvements in the efficiency of material and
energy use and in the equity of material and energy distribution,

As far as we can tell from the global data, from the World3 model,
and from all we have learned in the past twenty years, the three conclu-
sions we drew in The Limils to Growth are still valid, but they need to be
strengthened. Now we would write them this way:

1. Human use of many eésentia.l resources and generation of many
kinds of pollutants have already surpassed rates that are physically
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Beyond the Limits

sustainable. Without significant reductions in material and energy
flows, there will be in the coming decades an uncontrolled decline
in per capita food output, energy use, and industrial production.

2. This decline is not inevitable, To avoid it two changes are neces-

sary. The first is a comprehensive revision of policies and practices
that perpetuate growth in material consumption and in population.
The second is a rapid, drastic increase in the efficiency with which
materials and energy are used.

3. A sustainable society is still technically and economically possible. It
could be much more desirable than a society that tries to solve its
problems by constant expansion. The transition to a sustainable so-
ciety requires a careful balance between long-term and short-term

- goals and an emphasis on sufficiency, equity, and quality of life
rather than on quantity of output. It requires more than productiv-
ity and more than technology; it also requires maturity, compas-
sion, and wisdom.

These conclusions constitute a conditional warning, not a dire pre-
diction. They offer a living choice, not a death sentence. The choice
isn’t necessarily a gloomy one, It does not mean that the poor must be
frozen in their poverty or that the rich must become poor. It could ac-
tually mean achieving at last the goals that humanity has been pursuing
in continuous attempts to maintain physical growth.

We hope the world will make a choicé for sustainability. That is
why we are writing this book, But we do not minimize the gravity or the
difficulty of that choice. We think a transition to a sustainable world is
technically and economically possible, maybe even easy, but we also
know it is psychologically and politically daunting. So much hope, so
many personal identities, so much of modern industrial culture has
been built upon the premise of perpetual material growth.

A perceptive teacher, watching his students react to the idea that
there are limits, once wrote:

‘When most of us are presented with the ultimata of potential dis-
aster, when we hear that we “must” choose some form of planned
stability, when we face the “necessity” of a designed sustainable

.
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state, we are being bereaved, whether or not we fully realize it.
When cast upon our own resources in this way we feel, we intuit, a
kind of cosmic loneliness that we could not have foreseen. We be-
come orphans. We no longer see ourselves as children of a cosmic
order or the beneficiaries of the historical process. Limits to
growth denies all that. It tell us, perhaps for the first time in our
experience, that the only plan must be our own. With one stroke it
strips us of the assurance offered by past forms of Providence and
progress and with another it thrusts into our reluctant hands the
responsibility for the future

We went through that entire emotional sequence—grief, loneliness,
reluctant responsibility—when we worked on The Club of Rome project
twenty years ago. Many other people, through many other kinds of for-
mative events, have gone through a similar sequence. It can be sur-
vived. It can even open up new horizons and suggest exciting futures.
Those futures will never come to be, however, until the world as a
whole turns to face them. The ideas of limits, sustainability, sufficiency,
equity, and efficiency are not barriers, not obstacles, not threats, They
are guides to a new world. Sustainability, not better weapons or strug-
gles for power or material accumulation, is the ultimate challengc to
the energy and creativity of the human race.

We think the human race is up to the challenge. We think that a
bétter world is possible, and that the acceptance of physical limits is the
first step toward getting there. We see “casing down” from unsustain-
ability not as a sacrifice, but as an opportunity to stop battering against
the earth’s limits and to start transcending selfimposed and unneces-
sary limits in human institutions, mindsets, beliefs, and ethics. That is
why we finally decided not just to update and reissue The Limils to
Growth, but to rewrite it completely and to call it Beyond the Limits.

Donella H, Meadows
Dennis L. Meadows
Jergen Randers

Durham, New Hampshire
November 1991
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chapter 1

OVERSHOOT

The future is no longer what it was thought to be, or
what it might have been if humans had known how fo
use their brains and their opportunities more effectively.
‘But the future can still become what we reasonably and
realistically want.

Aurelio Pecceil

meaning to do_ so.-Daily life is full of small and notso-small

overshoots. A car on an icy road can slide past a stop sign. If
you eat or drink too fast, you can go too far before your body sends un-
mistakable signals that you should stop.

On a larger scale a fishing fleet can become so large and efficient
that it depletes the fish population upon which it depends. Developers
can put up more condominiums than people are able or willing to buy.
An electric utility can build more generating capacity than the economy

! I Lo overshoot means to go beyond limits inadvertently, without

can use.

The underlying causes of overshoot are always the same. First there
is rapid motion, action, or change. Second there is some sort of limit or
barrier, beyond which the motion or action or change should not go.
Third there is a difficulty in control, because of inattention, faulty data,
delayed feedback, inadequate information, slow response, or simple
momentum. The driver goes too fast for the brakes to work in time on

3



Beyond the Limiis

the slippery read. The fishing fleet builds up its capacity faster than it
gets reliable information about the state of the fish population. The
utility decides too rapidly under conditions of too much uncertainty to
start construction projects that take too long to complete.

This book is about overshoot on a much larger scale, namely the
scale at which the human population and economy extract resources
from the earth and emit pollution and wastes to the environment,
Many of these rates of extraction and emission have grown to be un-
supportable. The environment cannot sustain them. Human society has
overshot its limits, for the same reasons that other overshoots occur.
Changes are too fast. Signals are late, incomplete, distorted, igﬁorcd,
or denied, Momentum is great. Responses are slow.

After overshoot can come a number of possible consequences. One
of them, of course, is some kind of crash. Another is a deliberate
turnaround, a correction, a carcful easing down. This book explores
these two possibilities as they apply to the human society and the sup-
porting planet. We believe that a correction is possible and that it could
lead to a desirable, sufficient, equitable, and sustainable future, We also
believe that if a correction is not made, a collapse of some sort is not
only possible but certain, and that it could occur within the lifetimes of
many who are alive today. _

Those are enormous claims. How did we arrive at them?

We looked at the long-term implications of the present rates of
change in the human society with four kinds of viewing devices—four
different lenses to help us focus on the world in different ways, just as
the lenses of a microscope and a telescope enable one to see different
things. Three of these viewing devices are fairly common and easy to
describe and to hand on to others, namely: standard scientific and eco-
nomic theory about the global system; statistical information on the
world’s resources and environment; and a computer model to help us
integrate that information, Much of this book describes those lenses,
how we used them, and what they allowed us to see. ’

- Our fourth lens, probably the most important one, was our “world-
view,” or paradigm, or fundamental way of looking. Everybody has a
worldview. It is always the most important determinant of what one

-sees. And it is almost impossible to describe. Ours was formed by the

Overshoot

Western industrial societies in which we grew up, by our scientific and
economic training, and by the considerable education we have received
from colleagues in resource management with whom we have worked
in many parts of the world. But the most important part of our way of
looking, the part that is perhaps least widely shared, is our systems
viewpoint, :

A systems viewpoint is not necessarily a better one thari any other,
just a different one. Like any viewpoint, like the top of any hill you
climb, it lets you see some things you would never have noticed from
any other place, and it blocks the view of other things. Systems training
has taught us to see the world as a set of unfolding dynamic behavior
patterns, such as growth, decline, oscillation, overshoot. It has taught
us to focus on interconnections. We see the economy and the environ-
ment as one system. We see stocks and flows and feedbacks and thresh-
olds in that system, all of which influence the way the system behaves.

The systems viewpoint is by no means the only useful way to see
the world, and it is not the only one we use. But it's one we find partic-
ularly informative and exciting. It lets us approach problems in new
ways and discover unsuspected options. We intend to share its princi-
pal concepts with you here, so you can see what we see through that
lens and form your own conclusions about the state of the world and
the choices for the future.

The structure of this book follows the logic of our analysis of the
global system. You do not need high mathematics to understand it, and
you don’t need to be a computer expert. We have already said that
overshoot comes from the combination of rapid change, limits or barri-
ers to that change, and imperfections in the signals about or the re-
sponses to those limits. We will look at the global situation in that
order—first at global change, then at planetary limits, then at the ways
human society learns about and responds to the limits.

We start in the next chapter with the rapid change, which in the
global system comes most basically from population and economic
growth. Growth has been the dominant behavior of the socioeconomic
system for more than two hundred years. For example, Figure 1-1
shows the growth of world population, which is still surging upward
faster and faster, despite recent drops in birth rates in some countries.
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Figure 1-1 WORLD POPULATION

Billions of people

1700 1800 1900 2000

World population has been growing exponentially since the beginning of the In-
dustrial Revolution. In 1991 the world population growth rate was estimated to
be 1.7%, corresponding to a doubling time of 40 years. (Sources: United Nations;
D. J. Bogue.)

Industrial production is growing too, as illustrated in Figure 1-2, even
faster than population, in spite of some dips at times of major oil price
rises. Industrial production has risen slightly faster than population, re-
sulting in a slow and bumpy increase in the average material standard
of living of the population, :

Many kinds of pollution are also growing. Figure 1-3 shows just
one, the rise of carbon dioxide in the earth’s atmosphere, a result of
human fossil fuel burning and forest clearing.

Other graphs throughout this book illustrate growth in fertilizer
use, cities, energy consumption, materials use, and many other physical
manifestations of human activity on the planet. Not everything is grow-
ing at the same rate. The rate of increase of oil consumption worldwide
has slowed, for instance, while the rate of increase of natural gas con-
sumption has accelerated. Just a few of the material changes of the past

.
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Figure 1-2 WORLD INDUSTRIAL PRODUCTION
Index (1963 = 100)
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World industrial production, relative to the base year 1963, also shows clear ex-
ponential increase, despite fluctuations due to oil price shocks. The 1970-1990
growth rate in total production has averaged 3.3% per year. The per capita
growth rate has been 1.5% per year. (Sources: United Nations; Population Reference
Bureau.)

twenty years are shown in Table 1-1. As you can see, the amount of
growth varies, but growth continues to be a dominant pattern.

The predominance of growth in human activity comes as no sur-
prise. In fact most people see it as something to celebrate. Most soci-
eties, rich or poor, seek some kind of expansion as a remedy for their
most immediate and important problems. In the rich world economic
growth is believed to.be necessary for employment, social mobility, and
technical advance. In the poor world economic growth seems the only
way out of poverty. And a poor family sees that many children can be a
source not only of joy, but also of hope for economic security. Until
other solutions are found for the legitimate problems of the world,
people will cling to the idea that growth is the key to a better future,
and they will do all they can to produce more growth,
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Figure 1-3 CARBON DIOXIDE CONCENTRATION IN THE ATMOSPHERE
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The concentration of carbon dioxide in the atmosphere has risen from roughly
290 parts per million in the last century to over 350 parts per million, and it con-
tinues on its exponential growth path. The sources of the carbon dioxide buildup
are human fossil fuel burning and forest destruction. The possible consequence is
global climate change. (Sources: L. Machta; T. A. Boden.)

Those are the psychological and institutional reasons for growth.
There are also structural reasons, built into the very connections that
hoid the population and economy together. In Chapter 2 we discuss
these structural causes of growth, their implications, why growth is such
a dominant behavior of the world system, and why growth is solving
only inefficiently, if at all, the problems it is expected to address.

Growth can solve some problems, but it creates others. That is be-
cause of limnits, the subject of Chapter 3.

QOuvershoot

Table 1-1 WORLDWIDE GROWTH IN SELECTED HUMAN ACTIVITIES AND
Probucts 1970-1990

1970 1990
Human population 3.6 billion 5.3 billion
Registered automobiles 250 million 560 million
Kilometers driven/year
(OECD countries only)
by passenger cars 2584 billion 4489 billion
by trucks 666 billion 1536 biflion

Oil consumption/year
Natural gas consumption/year
Coal consumptionfyear .
Electric generating capacity
Electricity generation/year
by nuclear power plants
Soft drink consumption/year
{U.S. only)

Beer consumption/year
{U.5. only)

Aluminum used/year for
beer and soft drink containers
{U.S.only)

Municipal waste generated/year
(OECD countries only)

17 billion barrels

31 trillion cubic feet
2.3 billion tons

1.1 billion kilowatts

79 terawatt-hours
150 million barrels

125 million barrels

72,700 tonnes

302 million tonnes

24 billion barrels

70 trillion cubic feet
5.2 billion tons

2.6 billion kilowatts

1884 terawatt-hours
364 million barrels

187 million barrels

1,251,900 tonnes

420 million tonnes

The earth is finite. Growth of anything physical, including the
human population and its cars and buildings and smokestacks, cannot
continue forever. But the important limits to growth are not limits to
population, cars, buildings, or smokestacks, at least not directly. They
are limits to throughpui—to the flows of energy and materials needed to
keep people, cars, buildings, and smokestacks functioning,

Sources ' Sinks
Nataral throughput Materials & Energy r_hroughput\ Pollution
Resources In Use | & Wastes
7 ’
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The human population and economy depend upon constant flows
of air, water, food, raw materials, and fossil fuels from the earth. They
constantly emit wastes and pollution back to the earth. The limits to
growth are limits to the ability of the planetary sources to provide those
streams of materials and energy, and limits to the ability of the plane-
tary sinks to absorb the pollution and waste.

In Chapter 3 we examine, through the global statistical data, the
condition of the earth’s sources and sinks. The evidence in the chapter
makes two points, which form a classic bad news/good news combi-
nation.

The bad news is that many crucial sources are declining and de-
grading and many sinks are overflowing. The throughput flows that
maintain the human economy cannot be maintained at their current
rates indefinitely, or even for very much longer. The good news is that
the current high rates of throughput are not necessary to support a de-
cent standard of living for all the world’s people. Technical changes
and efficiencies are possible and available, which can help maintain
production of final goods and services while reducing greatly the bur-
den on the planet. There are many choices, many ways of bringing the
human society back from beyond its throughput limits.

But that is not the end of the story. Those choices are not being
made, at least not strongly enough to make a difference soon enough.
They are not being made because there is no obvious or immediate rea-
son to make them, That is the subject of Chapter 4, which looks at the
signals that warn human society of its condition of overshoot and the
speed with which society can respond.

In Chapter 4 we turn to the computer model, World3. We de-
scribe the purpose, structure, and behavior of World3. We show what
happens when we use the model to simulate the world system as it
might evolve if there were no structural changes, no extraordinary ef-
forts to see ahead, to improve signals, or to solve problems before they
become critical. The result of those simulations is not only overshoot,
but collapse.

-Fortunately there is evidence that the real human world is more
competent than the simplified model world of Chapter 4. In Chapter 5
we tell the best story we know about humanity’s ability to lock ahead,

.

Overshoot

sense a limit, and pull back. We describe the world’s actual response to
the news of a deteriorating stratospheric ozone layer. The story is im-
portant, we think, for several reasons. First and most important, it of
fers hope. Second, it illustrates every structural point we have made
about the global system: rapid growth, limits, slow responses (in both
the political system and the natural system), and overshoot. Third, the
conclusion of the story is not yet clear and won’t be for decades, and so
it becomes a cautionary tale, an illustration of how tricky it is to guide
the complex human economy within the even more complex systems of
the planet with imperfect understanding, lack of foresight, and high
momentun,

In Chapter 6 we return to the World3 model and begin to build
into it various hypotheses about human cleverness. We concentrate in
that chapter on the forms of cleverness in which many people have the
greatest faith—technology and markets. Important features.of those two
remarkable human response capacities are already contained within
World3, but in Chapter 6 we strengthen them. We ask: What would
happen if the world society began to allocate its resources seriously to
the technologies of pollution control, land preservation, human health,
materials recycling, and resource-use efficiency?

We discover that these measures help considerably. But they are
not enough. They fall short because technology-market responses are
themselves delayed and imperfect. They take time, they take capital,
they themselves require material and energy flows to sustain them, and
they can be overwhelmed by the everincreasing changes induced by
growth. Technological progress and market flexibility will be necessary,
we believe, to bring the world to sustainability. But something more is
required. That is the subject of Chapter 7.

In Chapter 7 we use World3 to see what happens if human beings
supplement their cleverness with wisdom. We assume two definitions
of “enough,” one having to do with material consumption, the other re-
lated to desired family size. With these changes, combined with the
technical changes we assumed in Chapter 6, the model world popula-
tion stabilizes at about 8 billion. All those 8 billion people achieve a
level of material welfare roughly equivalent to that of present-day Eu-
rope. And, given reasonable assumptions about future market effi-
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ciency and technical advance, the material and energy throughputs
needed by that model world can be maintained by the planet indefi-
nitely. In this simulation, overshoot is transformed into sustainability.

Sustainability is a concept so foreign to the present growth-accli-
mated world that we take some time in Chapter 7 to define it and to
outline what a world of sustainability might be like—and what it might
not be like. We see no reason why a sustainable world would or could
leave anyone living in poverty. Quite the contrary, we think such a
world would have both the opportunity and the necessity to provide
material security to all its people at higher standards than they have
today. We don’t think a sustainable society need be stagnant, boring,
fixed, or unadaptive. It need not be rigidly or centrally controlled, or
uniform, or undiverse, or undemocratic. What it could be is a world
that would have the time and resources to correct its mistakes, to inno-
vate, and to develop without growing beyond its limits.

- The concluding chapter derives more from our mental models than
from the data or computer model; it is our personal attempt to envi-
sion a sustainable state and to imagine how to get there from here. We
know that will be a complex task. In fact we think it will be a revolution
as profound as the Agricultural and Industrial Revolutions. We appreci-
ate the difficulty of finding sustainable solutions to problems like
poverty and employment, for which growth has been, so far, the
world’s only hope. But we also know that growth is not doing an effec-
tive job of solving those problems, that growth is in any case unsustain-
able, and that other solations can be found.

Everything we have learned from the global data, from the com-
puter, and from our own training and experience, tells us that the pos-
sible paths into the future have narrowed in the past twenty years as

Figure 14  ALTERNATIVE PROJECTIONS FOR GLOBAL POPULATION AND
ConsuMer GooDs Per CAPITA THROUGH 2100

This figure superimposes all the World3 scenarios shown in this book to illustrate
the wide range of possible paths for two important variables—population and per
capita consumer goods. Some scenarios show decline; others characterize a soci-
ety that has achieved a stable population with a high and sustainable standard of
living. .
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human society has grown beyond its limits. But there arc still many
choices, and those choices are crucial. Figure 1-4 illustrates the enor-
mous range of possibilities. The figure was derived by superimposing
the curves for human population and for consumer goods per capita
generated by all the computer scenarios we present later in this book.

It shows a great variety of future paths. They include various kinds
of collapse, and also smooth transitions to more or less sustainable
states. They do not include continuous growth. The choices are to
bring the burden of human activities upon the earth down to a sustain-
able ievel through human choice, human technology, and human orga-

nization, or to let nature force the reduction through lack of food, -

energy, or materials, or an increasingly unsound environment.

Twenty years ago when we wrote The Limits fo Growth we started
with a quotation from U Thant, who was then Secretary-General of the
United Nations:

I do not wish to seem overdramatic, but I can only conclude from
the information that is available to me as Secretary-General, that
the Members of the United Nations have perhaps ten years left in
which to subordinate their ancient quarrels and launch a global
partnership to curb the arms race, to improve the human environ-
ment, to defuse the population explosion, and to supply the re-
quired momentum to development efforts. If such a global-
partnership is not forged within the next decade, then I very much
fear that the problems I have mentioned will have reached such
staggering proportions that they will be beyond our capacity to
control.

Perhaps, we thought, as we prepared this twentieth-year sequel, we
should substitute 2 more recent and positive vision of the future, such
as this one from the World Commission on Environment and Devel-
opment:

Humanity has the ability to make development sustainable—to en-
sure that it meets the needs of the present without compromising
the ability of future generations to meet their own needs.?

But then we thought again. Perhaps U Thant was right, Perhaps he
was premature, and the time that makes him right has now arrived. Or

12

Overshool

pcrhapé the best summary of the present situation is the juxtaposition
of both these quotes.

Together they capture, according to our analysis and judgment, the
enormous range of possible futures and the importance of the choices
that are still to be made.
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chapter 6

TECHNOLOGY, MARKETS,
AND OVERSHOOT

All the evidence suggests that we have consistently
exaggerated the contribulions of technological genius
and underestimated the contributions of natural
resowrces . . . . We need . . . something we lost in our
haste to remake the world: a sense of limits, an
awareness of the importance of earth’s resources.

Stewart Udalll

he species Homo sapiens has been on Earth for one hundred
thousand years, Human beings have organized themselves into
civilizations for ten thousand years. They have experienced
rapid population growth for at most three hundred years. During those
last few centuries spectacular technical and institutional innovations—
from the steam engine to democracy, from the computer to the corpo-
ration—have allowed the human economy to transcend apparent
physical and managerial limits and keep on growing. Especially over
the past few decades, the evolving industrial culture has. implanted
within the human mind the expectation of ever-continuing growth.
Therefore the idea that there might be limits to growth is for many
people impossible to imagine. Limits are politically unmentionable and
economically unthinkable. The society tends to assume away the possi-
bility of limits by placing a préfound faith in the powers of technology
and the workings of a free market.
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By the successive substitution of technologies . . . real output can go
on increasing without limit, without the cumulative consumption of
any particular resource exceeding set limits.2

We are confident that the nature of the physical world permits contin-
ued improvement in humankind’s economic lot . . . indefinitely. Of
course there are always newly arising local problems, shortages, and
pollutions. . . . But the nature of the world’s physical conditions and
the resilience in a well-functioning economic and social system enable
us to overcome such problems, and the solutions usually leave us bet-
ter off than if the problem had never arisen; that is the great lesson to
be learned from human history.3

The most common criticisms of the World3 model twenty years
ago were that it underestimated the power of technology and that it did
not represent adequately the adaptive resilience of the free market. We
knew about technology and markets, of course. We assumed in World3
that markets function to allocate investment essentially with perfection.
We built technical improvements into the model, such as birth control,
resource substitution, the Green Revolution in agriculture. Possible fu-
ture technical leaps we tested in model runs. What if materials are al-
most entirely recycled? What if land yield doubles again.and yet again?
What if pollution control could be made 4 or 10 times more effective?

Even with those assumptions, the model world overshoots its limits.
Even with the most effective technologies and the greatest economic re-
silience we can believe possible, if those are the only chariges, the model
generates scenarios of collapse.

In this chapter we will explain why. Before we go on, however, we
need to acknowledge that we are on dangerous terrain. We are talking
about processes that are not only scientific subjects of study but also
cultural articles of faith. Any qualification or doubt we express will be
heard by some people as heresy. If we suggest that technology or mar-
kets have problems or limits, some will label us antitechnology or anti-
market. '

We are neither. We are technically trained, and we are technologi-
cal enthusiasts.4 We count on technical efficiencies to ease the human
economy down below the planet’s limits with grace and without sacri-
fice. We also respect the virtues of the market. Two of us have Ph.D.’s

R
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from a major business school; one of us has been president of another
business school and is currently a business manager. We count on im-
provements in market signals, as well as in technology, to bring about a
productive, prosperous, sustainable society. But we do not count on
technology or markets by themselves, unchanged, unguided by any pur-
poses or values beyond those that dominate the market, to bring a sus-
tainable society info being.

Our qualified faith in technology and markets is based on our un-
derstanding of systems principles and systems behavior, It comes from
the discipline of having to express in the world mode! exactly whai tech-
nology is, and exactly what markeis do. When one has to model these pro-
cesses concretely, instead of making sweeping general claims for them,
one discovers their functions and powers in the world system and also
their limitations.

In this chapter we will:

* Describe technology and market feedback processes as we under-
stand them and have modeled them in World3,

« Show computer runs in which we assume more and more eftective
technologies,

» Explain why instability, overshoot, and collapse are still the domi-
nant modes of behavior in these runs, and

« End with a short case study about the world’s fisheries, which
demonstrates how technologies and markets in the present world
are in fact contributing to the collapse of a valuable resource.

Technology and Markets in the “Real World”

What, “really,” is technology? The ability to solve any problem? The
source of all evil? The physical manifestation of the inventive genius of
humankind? An inctease in the amount that can be produced by an
hour of labor or a unit of capital? The control of nature by humanity?
The control by some people of other people with nature as their instru-
ment? , :

Human mental models contain all these concepts of technology,
and more.®
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What, “really,” is the market? Some would say it is simply the place
where buyers and sellers come together to establish an exchange price
that expresses the relative value of each commodity. Others would say
the free market is a fiction invented by economists. Some people who
have been deprived of a working market think of it as a magical institu-
tion that somehow delivers blue jeans and videocassette recorders in
abundance. Or is the market the ability to own capital privately and to
keep the returns? Or the most efficient means of allocating society’s
products? Or a device by which some people control other people with
money as their instrument? '

Out of this confusion of models, the idea that people most com-
monly have in mind when they say that technology and markets can
forestall the limits to growth goes like this:

« A problem related to limits appears: a resource becomes scarce, or
a dangerous pollutant begins to build up.

» The market causes the price of the scarce resource to rise relative
to other resources, or the pollutant begins to exact costs that are re-
flected in the prices of products or services. (Here there is usually
an admission that the market needs significant adjustment in order
to capture pollution costs.)

+ The rising price generates responses. It pays prospectors to go find
more of the resource. It causes manufacturers to substitute a more
abundant resource for the scarce one. It forces consumers to use
fewer products containing the resource or to use the resource
more efficiently. It induces engineers to develop pollution control
devices, or to find places to sequester the pollutant away from
human society, or to invent manufacturing processes that don’t
produce the pallutant in the first place.

» These responses on both the demand and the supply side compete
in the market, where buyers and sellers collectively decide which
technologies and consumption patterns solve the problem most
quickly and efficiently at least cost, The society then adopts the best
solutions and overcomes the scarcity, or reduces the damage from
the pollutant.

Notice that this model does not rely sclely on technology or solely
on the market, but on a smooth interaction between the two. The mar-

N
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ket is needed to signal the problem, to direct resources toward its solu-
tion, and to select and reward the best solution. The technology is
needed to solve the problem. The whole package has to be present.
Without signals and guidance from the market, the technology will not
be forthcoming. Without technical knowledge and ingenuity, the mar-
ket's signals and guidance will produce no results.

Notice also that this model takes the form of a negative feedback
loop—a chain of causation that acts to reverse a change, correct a prob-
lem, restore a balance. The resource scarcity is overcome. The pollu-
tion is cleaned up or sequestered. The society can continue to grow.

resource scarcity pollution buildup

¥ N 2

price ( technical cost ) techn_ical
increase )solution : increase solution

N A N

economic reallocation economic reallocation

We believe that adjustment loops like these exist and are impor-
tant. We have included them in many places in the World3 model, but
not as a single, aggregate, wonder-working variable called “technology.”
Technologies arise from many causes and have many effects. Health
care, for example, is automatic in World3. It is generated whenever the
simulated world’s service sector can pay for it. Birth control technology
appears in World3 when the health care system can support it and
when there is a demand for it in the form of a low desired family size.
Development of land and improvements in land yield are also auto-
matic in World3, as long as food demand is unsatisfied and capital is
available. '

If nonrenewable resources become scarce, the economy in World3
allocates more capital to discovering and exploiting them. We assume
that the initial resource base can be exploited completely, though as re-
sources are depleted it takes more and more capital to find and extract
them. We also assume that nonrenewable resources are perfectly substi-
tutable for each other, without cost or delay. {Therefore we lump them
all together without distinguishing one from another.)
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The market-technology adjustments mentioned above are built inte
World3. By changing numbers in the model we can strengthen or
weaken them. If we don’t change the numbers, these technologies
evolve in the simulated world at roughly the same stages of industrial
output per capita at which they appeared in the present highly industri-
alized countries.

In World3 the need for a builtin technology—health care, birth
control, agricultural improvement, resource discovery and substitu-
tion—is signalled perfectly and without delay to the capital sector.
Those technologies are implemented without delay as long as there is
sufficient industrial or service output to make them possible. We do
not represent prices explicitly, because we assume that prices are inter-
mediary signals in an adjustment mechanism that works instantly and
perfectly. We represent the mechanism without the intermediary. That
assumption omits many delays and inaccuracies that occur in “real”
market systems.

There are a number of other technologies in World3 that don’t be- -

come efféctive unless we turn them on in test scenarios, They include
resource efficiency and recycling, pollution control, and land erosion
control. Twenty years ago we didn’t consider these technologies as so
established that they were technically proven and ready to ship to any-
one in the world who could pay for them.® Therefore we programmed
them so they could be activated at any future simulated time. For in-
stance we might suppose the entire world makes a major commitment
to recycling in 1995 or a concerted effort against pollution in 2005,
These “turn-on” technologies require capital, and they come on only
after a development and implementation delay, which is normally set at
twenty years, unless we decide, as we will later in this chapter, to
shorten it, .

The reascon to have a computer model is to try out different as-
sumptions and to explore different futures. We can, for example, look
at Scenario 2, the last run we showed in Chapter 4, where growth was
ended by a pollution crisis, and we can ask: What if that simulated
world responded to that rising curve of pollution by making a deter-
mined investment in pollution control technology?

Scenario 3 shows what happens.
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Stretching the Limits with Technology in World3

In Scenario $ and all further computer runs in this book, we con-
tinue to assume “double resources” (200 years worth at 1990 consump-
tion rates) as in Scenarioc 2. That makes Scenario 2 the basis of
comparison for the technology and policy changes that follow. We
apply changes one at a time—first pollution control technology, then
land yield technology, and so forth—not because we think there’s any
“realistic” possibility of the world trying out just one technology at a
time, but because pedagogically that is the only way to make the
model’s responses understandable. In our own work with World3, even
if we want to try three simultancous changes, we apply them one at a
time so we can understand the effect of each one separately before we
try to comprehend the combined, and often interacting, effects of all at
once.

. In Scenarioc 3 we have assumed that in the simulated year 1995,
long before the global pollution level has risen high enough to cause
measurable damage on a global level to either health or crops, the
world decides to bring pollution down to the levels that prevailed in
1975 and systematically allocates capital toward that goal. It chooses an
“end of the pipeline” approach, abating poliution at the point of emis-
sion, rather than reducing throughput at the source.

We assume that it takes only twenty years for any new pollution
abatement technology to be developed and installed worldwide. As the
technology takes effect, it reduces the amount of pollution emitted
with every unit of industrial cutput by up to 3% per year (depending
upon need) until pollution is brought down to the relatively low level
that prevailed in 1975. (That target was set arbitrarily; any target can be
tried in model tests.)

In this scenario pollution continues to rise in spite of the abate-
ment program, because of the delays in implementation, and because
of continued underlying growth in agricultural and industrial produc-
tion, But pollution stays much lower than it did in Scenario 2. It never
gets high enough to affect human health significantly, but it does re-
duce land fertility after about 2015. Yields do not drop, because the re-
duction in the fertility of soils is compensated for by additional
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agricultural inputs. (“Real-world” examples of this phenomenon are the
use of lime to compensate for acid rain, or the use of fertilizers to sub-
stitute for the lowered nutrient-generating capabilities of pesticide-poi-
soned soils.) '

The countertrends of rising agricultural inputs and declining soil
fertility in Scenario 3 lead to stagnant food production after the simu-
lated year 2010. The population goes on growing, so food per capita
begins to turn down. Total industrial output peaks and begins to de-
cline by 2035, because so much capital has been pulled into the agricul-
tural, resource, and pollution sectors that there is no longer enough
investment to cover depreciation. Since population continues to grow
until after 2050, per capita industrial output drops, the economy de-
clines, and a collapse sets in. '

The society in Scenario 3 greatly reduces its pollution levels but in
the process suffers a food crisis. What if it also turns its technological
powers to the problem of raising more food? One possible result is
shown in Scenario 4.

In this model test the pollution abatement program of Scenario 3 is
activated again and at the same time the world society decides in 1995,
well in advance of a global food crisis, to increase agricultural yields
even beyond the increases known technologies can provide, (The addi-
tional technologies could be, for example, genetic technologies, added
to the continued spread of the chemical-based technologies of the
twentieth century.) The new agricultural technologies are also assumed
to take twenty years to implement worldwide, to cost something in
terms of capital, and to be able to raise yields by up to 2% per year
(again depending upon need). Note that annual gains of 2% per year
achieved over a century would imply total increases in land yield by a
‘factor of more than 7, if thére were no technology development delays!

Scenario 3 DoOUBLE RESOURCES AND POLLUTION CONTROL TECHNOLOGY

In this scenario we assume doubled resources, as in Scenario 2, and also increas-
ingly effective pollution control technology, which can reduce the amount of pol-
lution generated per unit of industrial output by 3% per year. Pollution never-
theless rises high enough to produce a crisis in agriculture that draws capital from
the economy into the agriculture sector and eventually stops industrial growth.

-,
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This new agricultural technology, combined with the pollution re-
duction technology, in fact keeps land yield rising rapidly in Scenario 4,
until average worldwide yields reach almost 4 times their 1990 level by
2100. Food production as a whole does not rise much higher or much
longer than it did in the previous scenario, however, because the
higher yields are being obtained from less and less land. The tremen-
dously high agricultural intensity in this simulated world induces gal-
loping land erosion. With less land, farmers work to get even higher
yields from the land that is left, which causes still more erosion, and so
forth, in a positive loop carrying the land system downhill rapidly. The
stressed agricultural sector pulls more and more capital and human re-
sources from the economy, at a time when the diminishing nonrenew-
able resource base is also demanding capital.

Surely, you would say, no sane society would pursue an agricultural
technology that increases yields while destroying land. There are many
examples of this behavior in the world today (for example the land lost
to salt accumulation in the Central Valley of California while nearby
land is pushed to ever-higher yields), but let us assume greater rational-
ity on the part of coming generations. Let us add land protection tech-
nologies to the pollution control and yield-enhancing technologies.

No sooner said, in a computer world, than done. Scenario 5 shows
the results of all those changes taking place at once. Here we assume,
starting in 1995, the technical programs already described that reduce
pollution output per unit of industrial production and raise land yield,
and we add a program that reduces global land erosion by a factor of 8.
The first two programs we assume require capital investment, the third
we assume does not.

The result in Scenario 5 is a crisis not in resources, pollution, or
land, but in all of them more or less at once. Food is sufficient, pollu-

Scenario 4 DOUBLE RESOURCES, POLLUTION CONTROL TECHNOLOGY, AND
LAND YIELD ENHANCEMENT

If the model world adds to its pollution control technology a set of technologies
to increase greatly the yield per unit of land, the high agricultural intensity speeds
up land loss. The world's farmers are getting higher and higher yields on less and
less land, and at an ever-higher cost to the capital sector,
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tion is tolerable, the economy grows, life expectancy rises until about
2020, when the costs of the various technologies, plus slowly rising
costs of obtaining resources, simply demand more capital at any one
time than the economy can provide.

One might argue about which priority a society stressed in so many
directions would let drop first.- Would it let land erode, reduce farm in-
puts, let pollution rise, or get along with reduced flows of raw materi-
als? World$ assumes that materials would be given a high priority, in
order to go on producing the industrial output needed to keep every-
thing else going. That particular choice, and the exact model behavior
after capital becomes insufficient is not important. We do not pretend
to be able to predict what the world would do if it actually came to
such a pass. The important point is simply that such a predicament is
possible. It is one more way the overshoot and collapse behavier can
manifest.

If resources are the final blow causing the collapse in Scenario 5,
then a program of resource-saving technologies, added to all the oth-
ers, should help. In Scenario 6 we start up in the simulated year 1995 a
program to reduce the amount of nonrenewable resources needed per
unit of industrial output by 5% per year until total resource consump-
tion decreases to its approximate level in 1975 (this will also reduce pol-
lution generation). We also still have pollution control technologies,
land yield technologies, and land erosion control operating,

This combination of technologies permits the simulated world
economy to go on growing smoothly through the middle of the twenty-
first century. Nonrenewable resources are depleted only slowly; their
cost remains low. Food production increases steadily. Pollution gets
high enough to depress land fertility, but its effect can be overcome by
additional agricultural inputs. Population levels off at about 10 billion.

Scenario 5 DoOuUBLE RESOURCES, POLLUTION CONTROL TECHNOLOGY, LAND
YIELD ENHANCEMENT, AND LAND EROSION PROTECTION

Now a technology of land preservation is added to the agricultural yield-enhanc
ing and pollution-reducing measures already tested. The result is further popula-
tion and capital growth, which leads to a crisis not in resources, pollution, or land,
butin all three at once.
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It does not level off because of a demographic transition in which birth
rates come down to equal death rates. Rather, after 2020, death rates
slowly rise to equal birth rates.

Why do death rates rise? Not because of any obvious crisis. Escalat-
ing technological effectiveness is successfully staving off sudden col-
lapse. But the simulated world still overshoots its limits, as evidenced
by the slowly declining industrial output and the steady erosion in ma-
terial quality of life. Industrial output declines because the continued
expense of protecting the population from starvation, pollution, ero-
sion, and resource shortage cuts into the investment available for fur-
ther growth. : ]

After the simulated year 2020 in Scenaric 6 life expectancy falls,
first slowly and then rapidly, mainly because the declining economy
cannot maintain high levels of health services. Food per capita stag-
nates; consumer goods per capita go down steadily after 2015. Because
pollution works its way through the ecosystem only slowly and pollu-
tants have long lifetimes, pollution goes on rising for two decades after
its emissions have begun to decrease, though it never rises high enough
to affect the life expectancy of the global population.

This is a society that is using its increasing technical capacity to
maintain growth, while the growth eventually undermines the effects of
those technologies. Ultimately the simulated world fails to sustain its
living standards as its technology becomes too expensive and its envi-
ronment degrades.

What if the technologies are brought on faster? What if the delays
in their development and implementation are reduced from twenty

Scenario 6 DoOUBLE RESOURCES, POLLUTION CONTROL TECHNOLOGY, LAND
YIELD ENHANCEMENT, LAND EROSION PROTECTION, AND
RESOQURCE EFFICIENCY TECHNOLOGY

Now the simulated world is developing powerful technologies for pollution abate-
ment, land vield enhancement, fand protection, and conservation of nonrenew-
able resources all at once. All these technologies are assumed to cost capital and
to take 20 years to be fully implemented. In combination they permit the simu-
lated world to go on growing until 2050. What finally stops growth is the accumu-
lated cost of the technologies.
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years to five years? Scenario 7 shows the results, Here we have pollu-
tion control, resource use reduction, land yield enhancement, and ero-
sion control all beginning to be implemented worldwide by the year
1995 and increasing in effectiveness throughout the simulated twenty-
first century. Each new device, each new process for reducing depletion
ot pollution is installed around the world within five years.

In this run industrial output grows for thirty years longer than it
did in Scenario 6. The population grows to 12.5 billion while food per
capita stays adequate, but not abundant. The average amount of food
per capita remains slightly below 1990 world average levels; food pro-
duction rises continuously but at just about the same rate as the popu-
lation. Pollution stays quite low. Nonrenewable resources do not
become scarce, though they are constantly decreasing. Consumer
goods per person decline gradually after 2015; services per person de-
cline after 2020; total industrial output stagnates after 2050 and de-
clines after 2075, , -

The simulated world society in Scenario 7 is foresighted, highly
technical, and frugal. By jumping out ahead of its problems before
worldwide crises force it to, it manages to support a rising population
at a decent standard of living throughout the twentyfirst century. But
in the second half of that ccntury; its material quality of life gradually
falls. Its large population living with moderate material throughputs is
stilt stressing the limits of the earth. The increasing cost of holding off
the limits stops and then depresses industrial growth.

After a session of working with a2 model, computer or mental, it’s a
good idea to step back for a moment and remember that it is not the
“real world” you have heen experiencing, but a representation of the
world that is “realistic” in some respects, “unrealistic” in others. The

Scenario 7 ALL TECHNOLOGIES APPLIED WITH SHORTER DELAYS

This model run is identical to the previous one, except that technology develop-
ment is assumed to take only 5 years instead of 20 to have worldwide effect. In-
dustrial cutput grows 20 years longer than it did in Scenario 6 and population
becomes higher by 2 billion. But the material standard of living is falling slowly.
The increasing cost of holding off the limits finally stops industrial growth.
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SCENARIO 7
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task is to find whatever insight is in the model and to assess where its
“realism” ends and its uncertainties or deliberate simplifications begin,
At the end of this series of computer runs, we need to stop and regain
perspective. '

World$, we must remember, does not distinguish the rich parts of
the world from the poor. All signals of hunger, resource scarcity, and
pollution are assumed to come to the world as a whole and to elicit re-
sponses that draw on the coping capabilities of the world as a whole.
That may make the model too optimistic. In the “real world” if hunger
is mainly in Africa, if pollution crises are mainly in Central Europe, if
land degradation is mainly in the tropics, if the people who experience
problems first are those with the least economic or technical capability
to respond, that may mean very long delays before problems are cor-
rected. Therefore the “real” system may not respond as forcefully or
successfully as does the Warld3 system.

The model's perfectly working market and smooth, successful tech-
nologies (with no surprising “side effects”) are also probably much too
optimistic. So is the assumption that political decisions are made with-
out cost and without delay.

We have to remember too that the World3 model has no military
sector to drain capital and resources from the productive economy. It
has no war to kill people, destroy capital, waste land, or generate pollu-
tion. It has no civil strife, no strikes, no corruptions, no floods, earth-
quakes, volcanic eruptions, Chernobyls, AIDS epidemics, or surprising
environmental failures. In these senses it is wildly optimistic. The
model could be representing the uppermost possibilities for the “real
world.”

On the other hand some people would say the technologies in the
model are too limited. They would turn the technological cranks in the
model much harder to bring the technologies on faster or even without
limit (see Figure 4-7). Our assumptions about discoverable resources, de-
velopable land, and absorbable pollution may be too low, They may also
be too high. We have tried to make them moderate, given the statistics
available to us and our own assessment of technical possibilities. ’

With all these uncertainties, we obviously should not read out exact
developments in the various scenarios with any quantitative precision.

s
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We don't take it as significant, for instance, that a food crisis appears in
Scenario 3 before a resource crisis. It could very well happen the other
way around. We wouldn’t swear that the world could actually support a
population of 12 billion moderately well for fifty years, as it does in Sce-
nario 7. We are not predicting an industrial turndown starting cxactly
in 2075. The numbers are just not good enough for World3 outputs to
be read that way.

So what, if anything, can we learn from these technology modeling
exercises?

Why Technology and Markets Alone Can’t Avoid
Overshoot

One lesson from these runs is that in a complex, finite world if you
remove or raise one limit and go on growing, you encounter another
limit. Especially if the growth is exponential, the next limit will show up
surprisingly soon. There are layers of limits. World3 contains only a few.
The “real world” contains many more. Most of them are distinct, spe-
cific, and locally variable. Only a few limits, such as the ozone layer or
the greenhouse gases in the atmosphere, are truly global:

We would expect different parts of the “real world,” if they keep on
growing, to run into different limits in a different order at different
times. But the experience of successive and multiple limits in any one
place, we think, would unfold much the way it does in World3. And in
an increasingly linked world economy, a society under stress anywhere
sends out waves that are felt everywhere. Free trade enhances the likeli-
hood that those parts of the world included in the free trade zone will
reach limits simultaneously.

_A second lesson is that the more successfully society puts off its lim-
its through economic and technical adaptations, the more likely it is in
the future to run ‘into several of them at the same time. In most
World$ runs, including many we have not shown here, the world sys-
tem does not run out of land or food or resources or pollution absorp-
tion capability, it runs oul of the abilily to cope.

“The ability to cope” in World3 is represented, too simply, by a sin-
gle variable: the amount of industrial output available each year to be

179



Beyond the Limils

invested in solving various problems. In the “real world” there are
other components of the ability to cope: the number of trained people,
the amount of political attention, the financial risk that can be handled,
the institutional capacity, the managerial ability. All these capabilities
can grow over time, if society invests in developing them. But at any
one time, they are limited. They can process and handle just so much.
When problems arise exponentially and in multiples, even though
those problems could be dealt with one by one, the ability to cope can
be overwhelmed.

Time is in fact the ultimate limit in the World3 model-and, we be-
lieve, in the “real world.” The reason that growth, and especially expo-
nential growth, is so insidious is that it shortens the time for effective
action. It loads stress on a system faster and faster, until coping mecha-
nisms that have been able to deal with slower rates of change finally
begin to fail. - .

There are three other reasons why technology and market mecha-
nisms that function well in a more slowly changing society cannot solve
the problems generated by a society driving toward interconnected lim-
its at an exponential rate. One is that these adjustment mechanisms
themselves have costs. The second is that they themselves operate
through feedback loops with information distortions and delays. The
third is that the market and technology are merely tools that serve the
goals, the ethics, and the time perspectives of the society as a whole. If
the goals are growth-oriented, the ethics are unjust, and the time hori-
zons are short, technology and markets can hasten a collapse instead of
preventing it.

The costs of technology and the market are in resources, energy,
money, labor, and capital. Those costs tend to rise nonlinearly as limits
are approached, which is another source of surprises in systems be-
havior.

We have already shown in Figures 3-17 and 4-6 how the wastes pro-
duced and the energy necessary to extract nonrenewable resources rise
spectacularly as the resource grade declines. Figure 6-1 shows two other
typical rising cost curves: the cost per ton of abating the pollutants sul-
fur dioxide and nitrogen oxide as a function of the total amount re-
moved from a smokestack or tail pipe. It is fairly inexpensive to remove
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Figure 6-1 NONLINEAR COSTS OF POLLUTION ABATEMENT
Removal cost (DM/ton)

50,000

0% - 50% 100%

Pollutant removed from the system

- The air pollutants SO, and NO, may be removed from smokestack gases to a sig-

nificant degree at a low cost, but at some level of required abatement the cost of
further removal rises precipitously. The cost curve for SO, removal here is calcula-

ted for Eastern Europe in deutsche marks {DM/ton); the NO, curve is for Western
Europe. (Source: /. Alcamo et al)

almost 80% of the sulfur dioxide from smokestack emissions. There is a
rising but still affordable cost for removing about 70% of the nitrogen
oxides. But then there is a limit, a threshold, beyond which costs of fur-
ther removals rise enormously. _

It is possible that further technical developments will shift both -

‘these curves slightly to the right, making more complete cleanup afford-

able. But the curves will always have the same shape. There are funda-
mental physical reasons why abatement costs soar as 100% abatement is
demanded. If the number of emission sources keeps growing, those ris-
ing costs will be encountered. It may be affordable to cut pollutants per
car in half. But then if the number of cars doubles, it is necessary to cut
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Figure 62 OPEC OiL PRODUCTION CAPACITY UTILIZATION AND
WORLD Ou PrICE

Pumping capacity in use Price per barrel (1982%)

100% +
4 *, world oil price 930
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in use : 4
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With most of OPEC’s production capacity in use in the 1970s, small intem{ptior}s
in oil supply precipitated sudden and extreme price changes. The oscillations in
oil prices took more than 10 years to unfold and caused economic wrbulence all
over the world both on the way up and on the way down. {Source: U.S. Depart-
ment of Energy; Oif & Gas Journal.)

pollutants per car in half again just to keep the same air quality. T“io
doublings will require 75% pollution abatement. Three doublings will
require 87.5%, and by then the cost of further abatement is usually pro-
hibitive.

That is why at some point it stops being true that growth will allow
an economy to become rich enough to afford pollution abatement. _In
fact growth takes an economy along a nonlinear cost curve to the point
where further abatement becomes unaffordable.

Delays in market and technology responses can be much longer than
cconomic theories or other mental models lead one to expect. Technol-
ogy-market feedback loops are themselves sources of overshoot, oscilla-
tion, and instability. One example of that, felt by all the world, was the
oil price rise of the 1970s and early 1980s.

There were many causes of the “oil price shock” of 1973, but one
of the most fundamental was the worldwide shortage of oil production
capital (oil wells) relative to oil consumption capital (cars, furnaces, and
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other oil-burning machines). During the early 1970s the world’s oil
wells were working at over 90% capacity. Therefore a political upheaval
in the Middle East that shut down even a small fraction of the world’s
oil production could not be met by increasing supply elsewhere. The
market’s only possible response was to raise the price.

That price rise, and a second one for the same reason in 1979 (see
Figure 6-2), set off a wild set of economic and technical responses. On
the supply side more wells were drilled and more pumping capacity
was installed. Marginal oil deposits suddenly became profitable and
were brought into production. The finding, building, and opening of
oil production facilities, from wells to refineries to tankers, took time.

Meanwhile, consumers were reacting to the higher prices by con-
serving. Car companies came out with more efficient models. People
insulated their houses. Electric companies shut down their oil-burning
generators and invested in coal-burning or nuclear ones. Governments
mandated various forms of energy saving and promoted the develop-
ment of alternate energy sources. Those responses also took years.
They ultimately resulted in long-lasting changes in physical capital.

It took nearly ten years before the many market responses, most of
which had to be translated into physical production and physical capi-
tal, finally began to rebalance supply and demand. By that time conser-
vation measures and new oil production capacity were coming on with
such momentum that they overshot. By 1982 there was too much pro-
duction capital compared to the decreasing needs of the consumption
capital. OPEC began shutting down its pumping capacity. Its capacity
utilization plunged from 90% to 50%. World oil price crept downward
for four years and then in 1985 it plummeted. '

Just as the price had gone too far up, now it went too far down. As
oil production facilities shut down and oil-preducing areas were struck
with depressions, conservation efforts were abandoned. Designs for
more efficient cars were put on the shelf. Investment in alternative en-
ergy sources dried up. After another ten years or so, as these adjust-
ment mechanisms gather full steam going the opposite direction, they
will set up the conditions for the next capital imbalance and the next
oil price rise.

These overshoots and undershoots were a consequence of in-
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evitable response delays in the oil market. They caused vast interna-
tional shifts of wealth, enormous debts and surpluses, booms and busts
and bank failures, all a result of trying to adjust the relative sizes of pro-
duction capital and consumption capital for oil. None of these rises
and falls in price were related to the actual underground quantity of oil
(which was steadily going down) or to the environmental effects of
drilling for, transporting, refining, and burning oil. The price signal
provides information only about the relative scarcity or surplus of oil
wells, not—until the very end of the depletion process—about the
scarcity of oil.

Market signals such as oil price are too noisy, too delayed, too am-
plified by speculation, and too manipulated by private and public inter-
est groups to give the world clear signals about oncoming physical
limits. The market is blind to the long term and pays no attention to ul-
timate sources and sinks, until they are nearly exhausted, when it is too
late to act. Economic signals and technological responses can evoke
powerful responses, as the oil price example illustrates, but they simply
are not connected to the earth system in the right places to give useful
information about limits.

Finally there is the question of the purposes to which technology and
markets are put. They are simply tools. They have no more inherent
wisdom or farsightedness or moderation or compassion than does the
human system that calls them forth. The results they produce in the
world depend upon who wiclds them for what purpose. If they are
used in the service of triviality, inequity, or violence, that is what they
will produce. If they are asked to serve impossible goals, such as con-
stant physical expansion on a finite planet, they will eventually fail. If
they are called upon to serve feasible and sustainable goals, as we shall
see in the next chapter, they can bring about a sustainable society.

Technological progress and market flexibility are essential tools for
a sustainable society. When the world decided to get along without
CFCs, technology made that change possible with amazing speed.
When energy prices become undistorted by special interests and inclu-
sive of environmental costs, the market will encourage the develop-
ment of sustainable, affordable energy sources. We don’t believe it is
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possible to bring about a sustainable world without technical creativity
and entrepreneurship. But we don’t believe they are sufficient. There
are other human abilities that need to be called on to make the human

~ world sustainable.

g

- Technology, Markets, and the Destruction of

Fisheries

‘I remember catching 5000 pounds of fish in 8 nets. Today it might
take up to B0 nets. Back then, the average codfish in the spring would
probably be 25 to 40 pounds. Now it’s 5 to 8 pounds.” That comment
by a fisherman on the Georges Bank fishing ground in the Northwest
Atlantic’? could be echoed, with different numbers and different fish
species, by fishermen all over the world.

In 1990 the total world commercial marine fish catch declined by
over 4 million tons. It was the first significant fall in world fish harvest
since 1972, There is no way of knowing until many more years have
passed whether this decline is a temporary hitch in a continuing growth
curve, the first turndown in an overshoot-and-oscillation behavior, or
the beginning of a collapse. But there is plenty of evidence of overfish-
ing and even of fishery collapse at local scales. The U.N. Food and Agri-
culture Organization (FAQ) believes the world’s seas cannot sustain a
commercial catch of more than 100 million metric tons per year from
conventional resources—which is just about the level that the 1989 peak
catch reached.

In nine of the nineteen world fishing zones monitored by the FAO,

 fish catches are above the lower limit of estimated sustainable yield.® In

United States. waters the National Fish and Wildlife Foundation says
that 14 major fish species (which yield 20% of the world’s fish harvest)
are seriously depleted and would take 5 to 20 years to recover, even if
all fishing stopped.? Populations of bluefin tuna, which normally live 30
years and grow to 1500 pounds, declined 94% in the 20 years between
1970 and 1990. The shrimp catch off the Florida Keys has declined
from 6.4 million pounds per year to 2.4 million pounds.10 Off the Ker-
ala coast of India the fishing fleet is estimated to be 60% to 100% too
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high to be sustained.!! The total catch from Norwegian waters is being
sustained only by substituting less desirable commercial fish as the
more desirable ones are being eliminated.

The General Fisheries Council for the Mediterranean says that:

The influence of human activities on the marine environment . . . is
suggested to be of particularly serious global concern at this time, with
the most immediate effects . . . showing up first in enclosed or semi-
enclosed bodies of water, such as the Mediterranean and the Black
Sea. Here, growing populations and . . . industrial, agricultural and

tourist activities are affecting . . . the fishery sectors, alongside the
more classical fishery impacts, namely the largely uncontrolled fishing
effort.}2 ‘

The fishing industry around the world enjoys fairly free and vigor-
ous markets, and it has seen in the past few decades extraordinary tech-
nological development. Refrigerated processing boats allow fleets to
stay at distant fishing grounds without having to return home promptly
with the harvest. Radar and sonar and satellite spotting bring boats to
the fish with increasing efficiency. Driftnets 30 miles long allow eco-
nomic large-scale fishing even in the deep seas. The result is that more
and more fisheries are overshooting their sustainable limits. The tech-
nology being called forth is not that which enhances fish stocks, but
that which seeks to find and catch every last fish.

The trawler catch in New England peaked in 1983 and has since fallen
sharply. Stocks of flounder and baddock are near record lows. The
cod population is down. Bluefin tuna and swordfish have been de-
pleted. Many New England fishermen find themselves in dire straits,
victims of a getit-while-you-can mentality. There have been booms and
busts before. : . . But scientists say that this time is different, because
the fleets are so big and the technology so good that fish no longer
have anywhere to hide.13

Most people understand intuitively why that is happening. Fish are
a common resource. The market gives no corrective feedback to keep
competitors from overexploiting 2 commons; quite the contrary, it ac-
tively rewards those who get there first and take the most.14 If the mar-
ket signals scarcity by the rising price of fish, the richest people will still
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Figure 6-3 BLUEFIN TUNA POPULATION DECLINES WHILE FiSHING EFFORT
CONTINUES TO RISE

Western Atlantic population Fishing effort {(mortality index)

160,000 4

fishing mortality
index , 0.4

80,000 - adult bluefin tuna

in Western Atlantic
- 0.2

1970 1980 1990

The Western Atlantic population of bluefin tuna over the aée of 10 has been re-
duced by 94%. Because of the high value of these fish, the fishing effort contin-
ues. (Source: International Commission for the Conservation of Atlantic Tuna.}

be willing to pay that price. In Tokyo bluefin tuna may be worth as
much as $100 a pound in the sushi market.1 That high price does not

. signal scarcity and caution; it does not induce conservation; perversely

it encourages more fishing effort as the bluefin population continues to
be depleted (Figure 6-3). And the market does not allocate the fish to

those who most need it for food, because the hungry have no power in
the market.

Increases in fish. production have gone primarily to those countries
that could afford to pay. . . . This trend is alarming because it indicates
the potential danger that an increasing share of world catch will be si-
phoned off to the higher purchasing power in developed areas . . .
leaving less fish where it is much needed~in the developing regions. 16

Ecologist Paul Ehrlich once expressed surprise to a Japanese jour-
nalist that the Japanese whaling industry would exterminate the very
source of its wealth. The journalist replied, “You are thinking of the
whaling industry as an organization that is interested in maintaining
whales: actually it is better viewed as a huge quantity of [financial] capi-
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tal attempting to earn the highest possible return. If it can éxterminate
whales in ten years and make a 15% profit, but it could only make 10%
with a sustainable harvest, then it will exterminate them in ten years,
After that, the money will be moved to exterminating some other re-
source.”l7 (A friend of ours has heard a similar argument from a firm
cutting tropical timber in Sabah.)

The market players who are busily exterminating resources are ut-
terly rational. What they are doing makes complete sense, given the re-
wards and constraints they see from the place they occupy in the
system. The fault is not with people, it is with the system. An unregu-
lated market system governing a common resource inevitably leads to
overshoot and the destruction of the commons. Only political con-
straints of some kind can protect the resource, and those political con-
straints are not easy to attain.

Fishing biologists have advised prohibiting all commercial cod catches
in the Baltic next year because of decimated stocks. The Baltic Fish-
eries Commission, meeting in Warsaw, rejected this recommendation
and attempted to agree on a reduced quota, but had to end their ses-
sion with no agreement.18

It will take more than market and technical forces to save the
world’s fish resources from collapse. Used with no concept of limits,
markets and technologies are instruments of overshoot. Used within
limits and guided by long term communal values, however, the forces
of the market and of technological development can help provide the
world’s fishing industry with rich harvests that can be sustained for gen-
erations,

A Summary

Exponential growth of population, capital, resource use, and polh-
tion is still proceeding on the planet. It is propelled by attempts to
solve keenly felt human problems, from unemployment and poverty to
the need for status and power and self-acceptance.

Exponential growth can rapidly exceed any fixed limit. If one limit
is pushed back, exponential growth will soon run into another.

Because of feedback delays, the global economic system is likely to
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overshoot and erode its sustainable limits, Indeed, for many sources
and sinks important to the world economy overshoot has already oc-
curred,

Technology and markets operate only with delays and only on im-
perfect information; they are themselves negative feedback processes
with response delays that enhance the economy’s tendency to over-
shoot,

Technology and markets serve the values of society or of the most
powerful segments of society. If the primary goal is growth, they pro-
duce growth, as long as they can. If the pﬁmary goals are equity and
sustainability, they can also serve those goals.

Once the population and economy have overshot the physical lim-
its of the carth, there are only two ways back: involuntary collapse
caused by escalating shortages and crises, or controlled reduction of
throughput by deliberate social choice.

In the next chapter, we will see what happens when technological

improvements are combined with deliberate social choices to limit
growth. "
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chapter 7

TRANSITIONS TO A
SUSTAINABLE SYSTEM

The stationary state would make fewer demands on
our environmental resources, but much greater demands
on our moral resources.

Herman Daly!

he human world can respond in three ways to signals that re-
source use and pollution emissions have grown beyond their
sustainable limits.

One way is to disguise, deny, or confuse the signals: to build higher
smokestacks, for instance, or to dump toxic chemicals secretly and il-
legally in someone else’s territory; to overexploit fish or forest re-
sources knowingly, claiming the need to save jobs or pay debts while in
fact endangering the natural systems on which jobs and debt payments
depend; to search for more resources while recklessly wasting those al-
ready discovered; to control prices that are rising in response to scar-
city, or to put costs off onto the environment or onto faraway people
or onto coming generations; to refuse to discuss population growth be-

cause the subject is too politically sensitive. These responses (and non-

responses) arc refusals to deal with problems induced by limits, and

they guarantee cven worse problems in the future.’
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A second way to respond is to alleviate the pressures from limits by
technical or economic fixes without changing their underlying causes:
to reduce the amount of pollution generated per mile of driving or per
kilowatt of electricity generation; to search for more resources, use re-
sources more efficiently, recycle resources, or substitute one resource
for another; to replace functions that nature used to perform, such as
sewage treatment or flood contro! or soil fertilization, with human capi-
tal and labor; to develop better birth control pills. These measures are
urgently needed. Most of them will ease some pressures for a while.
But they do nothing about the underlying causes of the pressures.

The third way to respond is to step back and acknowledge that the
human socioeconomic system as currently structured is unmanageable,
has overshot its limits, and is headed for collapse, and, therefore, to
change the structure of the system.

In everyday language, the phrase “changing structure™ has a num-
ber of imprecise connotations, most of them ominous. It is used by rev-
olutionaries to mean throwing people out of power, usually exacting
bloody retribution in the process. Some people think of changing struc-
ture as changing physical structure, tearing down and rebuilding, con-
structing a new world. Most people fear that changing structare will be
difficult, expensive and threatening to their security.

In systems language “changing structure” has a precise meaning
that has nothing to do with throwing people out, tearing things down,
or spending money. In fact doing any of those things without real
changes in structure clearly will just result in different people spending
as much or more money in a new system that produces the same old
results.

In systems terms changing structure means changing the informa-
tion links in a system: the content and timeliness of the data that actors
in the system have to work with, and the goals, incentives, costs,and
feedbacks that motivate or constrain behavior. The same combination
of people, institutions, and physical structures can behave completely
differently, if its actors can see a good reason for doing so and if they
ve the freedom to change. In time a system with a new information
«can socially and physically transform itself. It can develop new
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institutions, new rules, new buildings, people trained for new func-
tions. That transformation can be natural, evolutionary, and peaceful.

Pervasive changes unfold spontancously from new information
structures. No one need engage in sacrifice or in strong-arming, except,
perhaps, to get some people to stop deliberately confusing or distort:
ing or ignoring information. Human history is full of structural trans-
formations, the two most profound of which have been the
Agricultural Revolution and the Industrial Revolution. In fact it is the
success of those past transformations that has brought the world to the
necessity for the next one.

World$ cannot begin to represent the evolutionary dynamics of a
world system that is structuring itself in a new way. But it can be used
to test some of the simplest changes that might result from a society
that decides to restructure itself to reduce the probability of overshoot
and collapse.

In the previous chapter we used the World3 model to sec what hap-
pens if the world makes guantifative, not structural, changes. We put
into the model higher limits, shorter delays, faster and more powerful
technical responses to the delays, and weaker erosion loops. If we had
taken those structural features away entirely—no limits, no delays, no
erosion—we would have eliminated the overshoot and collapse behavior
entirely (as we did in Figure 4-7, the “Infinity In, Infinity Out” run). But
limits, delays, and erosion are physical properties of the planet. Human
beings can mitigate them or enhance them, manipulate them with tech-
nologies, and live' within them with many numerical degrees of free-
dom, but human beings cannot make them go away entirely.

The structural causes of overshoot over which people have the
most power, we believe, are the only ones we did not change in Chap-
ter 6, namely those that cause exponential growth in the human popu-
lation and economic system. They are the social norms, goals,
incentives, and costs that cause people to want more than a replace-
ment number of children. They are the cultural expectations and prac-
tices that maldistribute income and wealth, that make people see
themselves primarily as consumers and producers, that associate social
status with material accumulation, and that define human goals in
terms of getting more rather than having enough.
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In this chaptef we will change the driving positive loops that en- -
courage exponential growth in the world system. We will come at the
question of howto ease down from the state of overshoot from a new
direction, beginning not with limits, delays, or erosion, but with the
structural forces that cause growth.

Deliberate Constraints on Growth

Suppose that, starting in 1995, all couples in the world understood
the implications of further population growth for the welfare of their
own children. Suppose all people were assured by their societies of ac-
ceptance, of respect, of material security, and of care in their old age,
no matter how many children they had. Suppose further that it became
a social norm to raise every child with the highest possible standards of
nutrition, shelter, health care, and education. Suppose as a conse-
quence of these suppositions that all couples decided to limit their fam-
ily size to two surviving children (on average), and that they had readily
available fertility control technologies that allowed them to achieve that
desired family size.

These changes would entail shifts in perceived costs and benefits,
an increase in time horizon, an ability to see the social whole, an avail-
ability of new powers and choices and responsibilities—in short an in-
formational restructuring equivalent to the one. that has already
brought down the birth rates of many populations in the industrial
world,

If just that change is made in World3 and no others, the results are
shown in Scenario &, which should be compared with Scenario 2.

To generate this scenario we have set the average desired family
size of the model population at two children and the birth control ef-
fectiveness at 100% after the simulated year 1995. As a result the model
world’s population growth moderates greatly, but age structure mo-
mentum carries the population to 6 billion in the simulated year 2000
and 7.4 billion in 2040. Because of the slower population growth rate,
consumer goods per capita, food per capita, and life expectancy rise
higher and stay high longer than they did in Scenario 2. Less industrial
output is needed for the consumption and service needs of a growing
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higher than it did in Scenario 2.

population, so more investment is available to the capital sector. There-
fore the simulated world’s total industrial output grows faster and

For a while average industrial output per capita in this run exceeds
$500 per person per year—about twice the 1990 world average—but in-

dustrial output peaks and collapses at roughly the same time as it did in

Scenario 2, and for the same reasons. The larger industrial plant emits
more pollution and uses more resources. Pollution reduces agricultural
yields. Capital has to be diverted to agriculture to keep food produc-

the nonrenewable resource sector to find and process scarce and de-
pleted resource deposits.

tion going. After the year 2030 more capital also must be diverted to

Given the limits and technologies assumed in the simulated world

of Scenario 8, that world cannot sustain 7.4 billion people with an ever-
increasing per capita industrial output. '

So what if the world’s people decide to moderate not only their de-
mand for children, but also their economic demands? What if they set
themselves a goal of a simple but adequate material standard of living

and, when they achieve that goal, they turn their attention to other,
nonmaterial, nonconsuming pursuits? This, too, is a hypothetical infor-
mation change, a change not in the physical world, but in peoples’
heads (an enormous one, we realize). It means that people define their
purposes, establish their status, challenge themselves with goals other
than ever-increasing production and ever-accumulating material wealth.
Scenario 9 shows a simulated world again with a desired family size

of two children and perfect birth control, and also with a definition of
“enough.” This world has decided to aim for an average industrial out-

put per capita of $350 per person per year—about the equivalent of

that in South Korea, or about twice the level of Brazil in 1990. These

Scenario 8 WORLD ADOPTS STABLE POPULATION GOALS IN 1995

This scenario supposes that after 1995 all couples decide to limit their family size
to two children and have access to effective birth control technologies. Because
of age structure momentum, the population continues growing well into the 21st

century. The slower population growth permits industrial output to rise faster,
until it is stopped by depleting resources and rising pollution.
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comparisons should not be taken too literally, because a stabilizing soci-
ety like the one in the model would be different in many ways from a
growing society with an equivalent GNP today. At any industrial level it
would have a higher fraction of consumption goods because it would
have to allocate less economic output to investment for growth and less
to defending against or compensating for resource depletion and pollu-
tion. If this hypothetical society could also reduce military expenditures
and corruption, a stabilized economy with an industrial output per
capita of $350 would be equivalent in material comforts to the average
level in Europe in 1990.

When the desired level of per capita production of the population
in Scenario 9 is reached, investment in the capital sector is no longer
needed for growth, only for offsetting depreciation. Depreciation is
jower, because the average lifetime of capital is being increased by one-
fourth in this scenario. The investment thus freed up is allocated to ser-
vices, food, or resources, as needed. ' '

The world of Scenario 9 manages to support its 7.3 billion people
at its desired standard of living for almost fifty years, from 2005 to
9050, Service output per capita rises 70% higher than its 1990 value;
this could be a world with excellent education and health care for ev-
eryone. Total food production reaches a peak shortly after the year
92010, however, and falls steadily thereafter because of pollution, which
rises steadily until the year 2075. More and more ameliorative invest-.
ments in the agriculture sector are necessary. For a while they are also
available. Finally, however, after about 2035, the depleting nonrenew-
able resource sector also begins to demand more capital, and the indus-
trial sector cannot maintain itself.

Scenario 9 WORLD ADOPTS STABLE POPULATION AND INDUSTRIAL OUTPUT
: Goals IN 1995

If the population adopts both a desired family size of two children and a deliber-
ately moderated goal for industrial output per capita, it can maintain itself at a ma-
terial standard of living 50% higher than the 1990 world average for almost 50
years. Pollution continues to rise, however, stressing agricultural land. Per capita
food production declines, eventually carrying down life expectancy and popula-
tion.
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The simulated society in this scenario manages to sustain its desired
standard of living with regard to material goods for two generations,
but during that time its environment and food supply are steadily dete-
riorating. It needs to augment its social policies with more technologi-
cal power,

Constraints on Growth plus Improved Technologies

In Scenario 10 the model world again decides on an average family
size of two children starting in 1995, has pcrfcct birth control effective-
ness, and aims for an industrial output per capita of $350, all as in the
previous model run, Furthermore, starting in 1995, it begins to employ
the same technologics we tested in Chapter 6. These technologies in-
crease the efficiency of resource use, decrease pollution emissions per
unit of industrial output, control land erosion, and increase land yields
until food per capita reaches its desired level.

We assume in Scenario 10, as we did in Chapter 6, that these tech-
nologies come on only when needed and only after a development
delay of twenty years, and that they have a capital cost. In the simula-
tions of Chapter 6, there wasn't enough capital to keep the technolo-
gies going while dealing with the various crises the rapidly growing
society was running into. In the more restrained society of Scenario 10,
where capital does not have to go either toward further growth or to-
ward ameliorating a spiraling set of interacting problems, the new tech-
nologies can be fully supported. Operating steadily over a century, they
reduce nonrenewable resource use per unit of industrial output by 80%
and pollution production per unit of output by 90%. The slow growth
in land yield pauses slightly in the early twenty-first century as pollution

Scenario 10 STABILIZED POPULATION AND INDUSTRY WITH TECHNOLOGIES
TO REDUCE EMISSIONS, EROSION, AND RESOURCE UISE
ADOPTED IN 1995

In this scenario population and industrial output per person are moderated as in
the previous model run, and in addition technologies are developed to conserve
resources, protect agrictltural land, increase land vield, and abate pollution. The
resulting society sustains 7.7 billion people at a comfortable standard of living
with high life expectancy and declining pollution until at least the year 2100.
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rises (a delayed effect of the pollution emissions around the end of the
twentieth century), but by 2040 pollution begins to go down again.
Land yield recovers and rises slowly for the rest of the century.

In Scenario 10 the population levels off at just under 8 billion and
lives at its desired material standard of living for almost a century.
After 2010 its average life expectancy stays at just over eighty years, its
services per capita rise 210% above their 1990 level, and there is suffi-
cient food for everyone. Pollution peaks and falls before it causes irre-
versible damage. Nonrenewable resources deplete so slowly that half
the original endowment is still present in the simulated year 2100,

The society of Scenario 10 manages to begin reducing its total bur-
den on the environment shortly after the year 2040. The rate of extrac-
tion of nonrenewable resources falls after 2010. Land erosion is
reduced abruptly after 2040. The generation of persistent pollutants
pezks in about 2015. The system brings itself down below its limits,
avoids an uncontrolled collapse, maintains its standard of living, and
holds itself nearly, but not quite, in equilibrium.

The word equilibrium in systems language means that positive and
negative loops are in balance and that the system’s major stocks—in this
case population, capital, land, land fertility, nonrenewable resources,
and pollutbon—are held fairly steady. It does not necessarily mean that
the population and economy are static or stagnant. They stay roughly
constant the way a river stays roughly constant, though new water is al-
ways running through it. In an equilibrium society like the one in Sce-
nario 10, people are being born while others are dying; new factories,
roads, buildings, machines are heing built while old ones are being de-
molished (and recycled). Technologies are improving, and the steady
flow of material cutput per person would almost certainly be changing
and diversifying in content.

As a river may have ups and downs around some average flow, so
could an equilibrium society vary, either by deliberate human choice or
by unforeseen opportunities or disasters. As a river, when its pollution
load is diminished, can purify itself and support more rich and varied
aquatic communities, so can a sustainable society purify itself of pollu-
tion, acquire new knowledge, make its production processes more effi-
cient, shift technologies, improve its own management, make distri-

s
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bution more equitable, and diversify itself. We think it is likely to do all
those things, when the strains of growth are alleviated.

The sustainable society shown in Scenario 10 is one that we believe
the world could actually attain, given the knowledge about planetary
systems available to us. It has 7.7 billion people, and enough food, con-
sumer goods, and services to support every one of them in material
comfort. It is-expending considerable effort and employing continually
improving technology to protect its land, reduce its pollution, and use
its nonrenewable resources with high efficiency. Because its growth
slows and eventually stops, its problems are manageable and are being
managed.

We think that is a picture not only of a feasible world, but of a de-
sirable one, certainly more desirable than the simulated worlds of the
previous chapter, which keep on growing until they are stopped by
multiple crises. Scenario 10 is not the only sustainable outcome the
World3 model can produce. Within the system’s limits there are trade-
offs and choices. There could be more food and less industrial output
or vice versa, more people living with a smaller stream of industrial
goods or fewer people living with more. The world society could take
more time to make the same transition to equilibrium than we have
supposed in Scenario 10—but that would have its costs.

Delaying the transition to a sustainable world has already had its
costs.

The Difference Twenty Years Can Make

In the next two runs we ask: What if the model world had under-
taken the sustainability policies shown in Scenario 10 (desired family
size of two children, desired per capita industrial output of $350, all
technologies of resource efficiency and pollution control) not in 1995
but in 1975? And what if it undertakes them not in 1995 but in the year
2015? What d;fferencc does plus or minus twenty years make?

Scenario 11,is exactly equivalent to Scenario 10 except that the pol-
icy changes are applied not in 1995 but in 1975. The differences be-
tween this world and the one in the previous scenario are subtle.
Moving to sustainability twenty years sooner has produced a more se-
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cure and wealthy world, bat it is not a qualitatively different one. The
population levels off at 5.7 billion instead of almost 8 billion. Pollution
peaks at a lower level and fifteen years sooner, and it interferes with
crop yields much less than it did in Scenario 10. Life expectancy sur-
passes eighty years and stays high. There are more nonrenewable re-
sources left by the end of the twentyfirst century, and it takes less
effort to find and extract them,

The Scenario 11 population reaches its desired level of industrial
output per person soener and is able to maintain it and support its im-
proving technologies with no problems. This society has a more pleas-
ant environment, more resources, more degrees of freedom; it is
further from its limits, less on the edge than the society in Scenario 10.

That was twenty years backward, a future that might have been avail-
able once but is no more.

Twenty years forward makes a bigger difference, as one might ex-
pect, knowing the mathematics of exponential growth. In Scenario 12
we implement in World3 the same sustainability policies not in 1975,
or 1995, but in 2015. By that time it is too late to avoid some heavy tur-
bulence.

The simulated population in Scenaric 12 reaches 8.7 billion.
Though the same standard of living is set as a goal, to provide it to
nearly a billion more people, industrial production must rise higher
than it did in Scenario 10. The added industrial activity, plus the
twenty-year delay in implementing pollution control technologies,
brings about a pollution crisis, even though pollution control technolo-
gies are evolving in the same way they did in Scenario 11. Pollution re-

Scenario 11 STABILIZED POPULATION AND INDUSTRY WITH TECHNOLOGIES
TO REDUCE EMISSIONS, EROSION, AND RESOURCE USE
ADOPTED IN 1975

This simulation includes all the changes that were incorporated into the previous
one, but the sustainability policies are implemented in the year 1975 instead of
1995, Moving toward sustainability 20 years sooner would have meant a consid-
erably lower final population, less pollution, more nonrenewable resources, and a
slightly higher material standard of living.
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duces land yield, food per capita falls, life expectancy falls, and the pop-
ulation falls as well, to 7.4 billion,

With the smaller population and the ever-improving technologies
(it may not be a “realistic” assumption that they would go on improv-
ing, given the economic decline in this model world), the world of Sce-
nario 12 does eventually recover. After 2055 pollution begins to go
down, food production revives, life expectancy rises once again. So
much capital investment has been needed to correct the overshoot,
however, that not enough is available to sustain the desired material
standard of living. Industrial output per capita peaks at $350 in about
the year 2025 and falls slowly thereafter to half that level. The twenty-
year delay in moving toward sustainability has greatly reduced the equi-
librium standard of living that this simulated world can maintain.

How High Is Too High?

Scenario 12 shows what happens if the model society waits to make
the transition to sustainability. Scenario 13 shows what happens if it
aims just a bit too high,

Scenarto 13 is directly comparable to Scenario 10 in that this world
also begins to moderate its population and economy in 1995 and devel-
ops the same resource-conserving and pollution-reducing technologies.
This time, however, the model world’s goal for food per capita is set
50% higher and the goal for industrial output per capita is set at $700
rather than $350, about 2.5 times the 1990 level, It turns out that this
combination of goals cannot be sustained for the population of nearly
8 billion people.

Industrial output per capita never reaches its goal. It peaks below

Scenario 12 STABILIZED POPULATION AND INDUSTRY WITH TECHNOLOGIES
TO REDUCE EMISSIONS, FROSION, AND RESOURCE USE

ADOPTED IN 2015

Wailing to implement the sustainability policies until the simulated year 2015 al-
lows population, industry, and pollution to rise too high. Even the effective tech-
nologies operating in this scenario cannot forestall a decline, although they do
manage to reverse the decline at the end of the 21st century.
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$500 shortly after the year 2035 and falls slowly thereafter. Food per
_capita manages to hit its goal around the year 2065, but then it too be-
gins to decline. Too much technology is necessary, too much capital is
diverted to offset the damage to the environment and to attain the
higher material goals. By the simulated year 2100 the per capita flows
of food and industrial goods available to this more ambitious world are
falling to levels lower than they were in the world of Scenario 10, which
was content to set more moderate goals.

Does this run give a reliable estimate for the standard of living that
would be too high for a “real world” of 8 billion people to sustain?

No. Absolutely not. The numbers are not that good. It is possible
that more people actually could be supported at a higher standard of
living. It could also be, given the optimistic assumptions in World3
about no war, no conflict, no corruptiori; and no mistakes, that Sce-
nario 12 is much too optimistic. World3 cannot be used to fine-tune a
human world seeking to find its exact upper limits. No model now
available, and probably no model ever available, will permit that kind of
numerical precision.

The lessons to be drawn from World3 are qualitative, not quantita-
tive. They do not spell out an exact prediction for the future or a de-
tailed plan for the world. But the runs shown in this chapter suggest
general conclusions that are not at all recognized in the global public
discourse, and that are vitally important to decisions being made (and
not being made) every day. Imagine how differently the world system
might behave if the following conclusions were widely known and ac-
cepted: :

+ A transition to a sustainable society is probably possible without re-
ductions in either population or industrial output.

Scenario 13 EQUILIBRIUM PoLicies BuT witH HIGHER GOALS FOR FOOD
AND INDUSTRIAL QUTPUT

Using the same general policies as were implemented in Scenario 11, but with
much higher demands for food and consumption places much greater stress on
the global resource base. Initially the living standard is higher, but by 2100 the
simulated world shows clear signs of unsustainability.
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= A transition to sustainability will require, however, both deliberate
social constraints on further population and industrial growth and
significant improvements in the technical efficiency with which the
earth’s resources are used.

» There are many ways in which a sustainable society could be struc-
tured, many choices about numbers of people, living standards,
technological investments, and allocations among industrial goods,
services, food, and other material needs.

* As the earth’s limits are approached, and especially as they are ex-
ceeded, there are unavoidable trade-offs. between the number of
people the earth can support and the material level at which each
person can be supported. The exact numerical trade-cffs are not
knowable and they will change over time as technology, knowledge,
human coping ability, and the earth’s support systems change. The
supportable population and living standard may move up or down.
But the general implication of the trade-off will remain the same:
More people means less material throughput for each person—or a
higher risk of collapse.

The longer the world economy takes to reduce its throughputs and
move toward sustainability, the lower the population and material
standard that will be ultimately supportable. At some point delay
means collapse,

+ The higher the society sets its targets for material standard of liv-
ing, the greater its risk of exceeding and eroding its limits,

According to our computer model, our mental models, our knowl-
edge of the data, and our experience of the “real world,” there is no
time to waste in easing down below the limits and structuring the infor-
mation system toward sustainability. Putting off the reduction of
throughputs and the transition to sustainability means diminishing the
options of future generations at best, and precipitating a collapse at
worst. There is no time to wait for unmistakable signals, recognizable

" by everyone everywhere, that force an end to growth. Given the delays
in the system, by the time those signals appear, it will be too late to
avoid collapse.

There is no time to waste, and there is also no reason to waste time.
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Sustainability is a new idea to many people. It may be difficult to under-
stand. But all over the world there are pecple who have entered into
the exercise of imagining a sustainable world. They can see it as a world
to move toward not reluctantly, not with a sense of sacrifice or regret,
but joyfully. It could be a very much better world than the one we live
in today. -

The Sustainable Society

There are many ways to define sustainability, The simplest defini-
tion is: A sustainable society is one that can persist over generations,
one that is far-seeing enough, flexible enough, and wise enough not to
undermine either its physical or its social systems of support.

The World Commission on Environment and Development put
that definition into memorable words: A sustainable society is one that
“meects the needs of the present without compromising the ability of fu-
ture generations te meet their own needs.”

From a systems point of view a sustainable society is one that has in
place informational, social, and institutional mechanisms to keep in
check the Apositi\;'e feedback loops that cause exponential population
and capital growth. That means that birth rates roughly equal death
rates, and investment rates roughly equal depreciation rates, unless and
until technical changes and social decisions justify a considered and
controlled change in the levels of population or capital. In order to be
socially sustainable the combination of population, capital, and technol-

_ogy in the society would have to be configured so that the material liv-

ing standard is adequate and secure for everyone. In order to -be
physically sustainable the society’s material and energy throughputs
would have to meet economist Herman Daly’s three conditions:?

» Tis rates of use of renewable resources do not exceed their rates of
regeneratior..

» Its rates of use of nonrenewable resources do not exceed the rate at
which sustainable renewable substitutes are developed,

» Its rates of poliution emission do not exceed the assimilative capac-
ity of the environment. ‘
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Whatever such a society would be like in detail, it could hardly be
more different from the one in which most people now live. The collec-
tive human imagination is strongly imprinted by its recent experience
either of poverty or of rapid material growth and of determined efforts
to-mnaintain that growth at all costs. Therefore many mental models are
too full of growth-dominated notions to allow itnagining a sustainable
society. Before we can elaborate on what sustainability could be, we
need to state what it need not be.

Sustainability does not mean no growth. A society fixated on per-
petual growth tends to hear any criticism of growth as a total negation.
But as Aurelio Peccei, founder of The Club of Rome, pointed out, that
reaction just substitutes one oversimplification for another:

All those who had helped to shatter the myth of growth . . . were
ridiculed and figuratively hanged, drawn, and quartered by the
loyal defenders of the sacred cow of growth., Some of those . . .
accuse the [Limits to Growth] report . . . of advocating ZERO
GROWTH. Clearly, such people have not understood anything, ci-
ther about the Club of Rome, or about growth. The notion of zero
growth is so primitive—as, for that matter, is that of infinite
growth—and so imprecise, that it is conceptiial nonsense to talk of
it in a living, dynamic society.*

A sustainable society would be interested in qualitative develop-
ment, not physical expansion. It would use material growth as a consid-
ered tool, not as a perpetual mandate. It would be neither for nor
against growth, rather it would begin to discriminate kinds of growth
and purposes for growth. Before this society would decide on any spe-
cific growth proposal, it would ask what the growth is for, and who
would benefit, and what it would cost, and how long it would last, and
whether it could be accommodated by the sources and sinks of the
planet, A sustainable society would apply its values and its best knowl-
edge of the earth’s limits to choose only those kinds of growth that
would actually serve social goals and enhance sustainability. And when
any physical growth had accomplished its purposes, it would be
brought to a stop.

A sustainable society would not freeze into permanence the current
inequitable patterns of distribution. It would certainly not permit the

s
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persistence of poverty. To do s6 would not be sustainable for two rea-
sons. First the poor would not and should not stand for it. Second,
keeping any part of the population in poverty would not, except under
dire coercive measures, allow the population to stabilize. For both
moral and practical reasons any sustainable society must provide mate-
rial sufficiency and security for all. To get to sustainability from here,
the remaining material growth possible—whatever space there is for
more resource use and pollution emissions, plus whatever space is
freed up by higher efficiencies and lifestyle moderations on the part of
the rich—-would logically be allocated to those who need it most.

A sustainable state would not be the society of despondency and
stagnancy, high unemployment and bankruptcy that current market
systems experience when their growth is interrupted, The difference
between a sustainable society and a present-day economic recession is
like the difference between stopping an automobile purposely with the
brakes and stopping it by crashing into a brick wall. When the present
economy overshoots, it turns around too fast and too unexpectedly for
people or enterprises to retrain, relocate, readjust. A transition to sus-
tainability could take place slowly enough and with enough forewarn-
ing so that people and businesses could find their proper place in the
new society.

There is no reason why a sustainable society need be technically or
culturally primitive. Freed from both material anxiety and material
greed, human society would have enormous pdssibilities for the expan-
sion of human creativity in constructive directions. Without the high
costs of growth for both human society and the environment, both
technology and culture could bloom. John Stuart Mill, one of the first
(and last) economists to take seriously the idea of an economy consis-
tent with the limits of the earth, saw that what he called a “stationary
state” could support an ever-evolving and improving society, More than
a hundred years ago he wrote:

I cannot . . . regard the stationary state of capital and wealth with
the unaffected aversion so generally manifested towards it by polit-
ical economists of the old school. I am inclined to believe that it
- would be, on the whole, a very considerable improvement on our
present condition. I confess I am not charmed with the ideal of Life
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held out by those who think that the normal state of human beings
is that of struggling to get on; that the tramplmg, crushing, elbow-
ing, and treading on cach other’s heels . . . are the most desirable

ot of humankind. . . . It is scarcely neccssary to remark that a sta-
tionary condition of capital and population implies no stationary
state of human improvement. There would be as much scope as
ever for all kinds of mental culture and moral and social progress;
as much room for improving the Art of Living, and much more
likelihood of its being improved.?

A sustainable world would not and could not be a rigid one, with
population or production or anything else held pathologically constant.
One of the strangest assumptions of present-day mental models is the
widespread idea that a world of moderation must be a world of strict,
centralized, government control. We don’t believe that kind of control
is possible, desirable, or necessary. A sustainable ‘world would need
to have rules, laws, standards, boundaries, and social agreements, of
course, as does every human culture. Some of the rules for sustainabil-
ity would be different from the rules people are used to now. Some of
the necessary controls are already coming into being, as, for example,
in the international ozone agreement.

But rules for sustainability, like every workable social rule, would
not remove important freedoms; they would create them or protect
them against those who would destroy them. A ban on bank-robbing in-
hibits the freedom of the thief in order to assure everyone’s freedom to
deposit and withdraw their money safely. A ban on overuse of a re-
source or on generation of pollution serves a similar purpose.

It doesn’t take much imagining to come up with a minimum set of
social structures—feedback loops that carry new information about
costs, consequences, and sanctions—that would keep a society sustain-
able, allow evolution, fluctuation, creativity and change, and permit
many more freedoms than would ever be possﬂ)le in a world that con-
tinues to crowd against its limits.

Some people think that a sustainable society would have to stop
using nonrenewable resources, since their use is by definition unsus-
tainable. That idea is an overly rigid interpretation of what it means to
be sustainable. Certainly a sustainable society would use gifts from the
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carth’s crust more thoughtfully and efficiently than the present world
does. It would price them properly and keep more of them available
for future generations. But there is no reason not to use them, as long
as their use meets the criterion of sustainability already defined, namely
that renewable substitutes should be developed, so that no future soci-
ety finds itself built around the use of a resource that is suddenly no

‘longer available or affordable.

There is also no reason for a sustainable society to be uniform. Di-
versity is both a cause of and a result of sustainability in nature, and it
would be in human society as well. Most people envision a sustainable
world as decentralized, with boundary conditions keeping each locality
from threatening the viability of another or of the earth as a whole.
Cultural variety and local autonomy could be greater, not less, in such a
world.

There is no reason for a sustainable society to be undemocratic, or
boring, or unchallenging, Some games that amuse and consume people
today, such as arms races and the accumulation of unlimited amounts
of wealth, would no longer be played. But there still would be games,
challenges, problems to solve, ways for people to prove themselves, to
serve cach other, to realize their abilities, and to live good lives, per-
haps more satlsfymg lives than any that are possible today.

That was a long list of what a sustainable society is not. In the pro-
cess of spelling it out, we have also, by contrast, indicated what we
think a sustainable society could be. But the details of that society will
not be worked out by one bunch of computer modc]ers, it will require
the ideas, visions, and talents of billions of people.

From the structural analysis of the world system we have described
in this book,.we can contribute only a simplé set of general guidelines
for restructaring the world system toward sustainability. We list the
guidelines below. Each one can be worked out in hundreds of specific
ways at all levels from households to communities to nations to the
world as a whole. Other people will see better than we can how to im-

. plement these changes in their own lives and cultures and political sys-

tems, Any step in any of these directions is a step toward sustainability.
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o Improve the signals. Learn more about and monitor both the welfare
of the human population and the condition of local and planetary
sources and sinks, Inform governments and the public as continu-
ously and promptly about environmental conditions as about eco-
nomic conditions. Include real environmental costs in economic
prices; recast economic indicators like the GNP so that they do not
confuse costs with benefits, or throughput with welfare, or the de-
preciation of natural capital with income.6

o Speed up response times. Look actively for signals that indicate when
the environment is stressed. Decide in advance what to do if prob-
lems appear (if possible, forecast them before they appear) and
have in place the institutional and technical arrangements neces-
sary to act effectively. Educate for flexibility and creativity, for criti-
cal thinking and the ability to redesign both physical and social
systems. Computer modeling can help with this step, but more im-
portant would be general education in systems thinking.

» Minimize the use of nonrenewable vesources. Fossil fuels, fossil ground-
waters, and minerals should be used only with the greatest possible
efficiency, recycled when possible (fuels can’t be recycled, but min-
erals and water can), and consumed only as part of a deliberate
transition to renewable resources.

* Prevent the erosion of renewable resources. The productivity of soils,
surface waters, rechargeable groundwaters, and all living things, in-
cluding forests, fish, game should be protected and, as far as possi-
ble, restored and enhanced. These resources should only be
harvested at the rate they can regenerate themselves. That requires
information about their regeneration rates, and strong social sanc-
tions or economic inducements against their overuse

e Use all resources with maximum efficiency. The more human welfare
can be obtained with the less throughput, the better the quality of
life can be while remaining below the limits. Great efficiency gains
are both technically possible and economically favorable. Higher ef-
ficiency will be essential, if current and future world populations
are to be supported without inducing a collapse.

e Slow and eventually stop exponential growth of population and physical
capital. There are real limits to the extent that the first five items on
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this list can be pursued. Therefore this last item is essential. It in-
volves institutional and philosophical change and social innovation.
It requires defining levels of population and industrial output that
are desirable and' sustainable. It calls for goals defined around the
idea of development rather than growth. It asks, simply but pro-
foundly, for a vision of the purpose of human existence that does
not require constant physical expansion,

We can expand on this last, most daunting, but most important
step toward sustainability by pointing to the pressing problems that un-
derlie much of the psychological and cultural commitment to growth:
poverty, unemployment, and unmet nonmaterial needs. Growth as
presently structured is in fact not solving these problems, or is solving
them far too slowly and inefficiently. Until better solutions are in sight,
however, society will never let go of its addiction to growth. These are
the three areas where completely new thinking is most urgently

" needed.

* Poverty. “Sharing” is a forbidden word in political discourse, proba-
bly because of the deep fear that real equity would mean not

. enough for anyone. “Sufficiency” and “solidarity” are concepts that
can help structure new approaches to ending poverty. Everyone
needs assurance that sufficiency is pdssible and that there is a high
social commitment to ensure it. And everyone needs to understand
that the world is tied together both ecologically and economically.
We are all in this overshoot together. There is enough to go
around, if we manage well. If we don’t manage well, no one will es-
cape the consequences.

*» Unemployment. Human beings need to work, to have the satisfaction
of personal productivity, and to be accepted as responsible mem-
bers of their society. That need should be not be left unfulfilled,
and it should not be filled by degrading or harmful work. At the
same time, employment should not be a requirement for the abil'ity
to subsist. Considerable creativity is necessary here to create an eco-
nomic system that uses and supports the contributions that all peo-
ple are able and willing to make, that shares work and leisure
equitably, and that does not abandon people who for reasons tem-
porary or permanent cannot work.

¢
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o Unmet nonmalerial needs. People don’t need enormous cars; they
need respect. They don’t need dlosetsful of clothes; they need to
feel attractive and they need excitement and variety and beauty.
People don’t need electronic entertainment; they need something
worthwhile to do with their lives. And so forth. People need iden-
tity, community, challenge, acknowledgment, love, joy. To try to fill
these needs with material things is to set up an unquenchable ap-
petite for false solutions to real and never-satisfied problems. The
resulting psychological emptiness is one of the major forces behind
the desire for material growth. A society that can admit and articu-
late its nonmaterial needs and find nonmaterial ways to satisfy
them would require much lower material and energy throughputs
and would provide much higher levels of human fulfillment.

How, in practice, can anyone attack these problems? How can the
world evolve a social system that solves them? That is the real arena for
creativity and choice. It is necessary for the present generation not only
to bring itself below the carth’s limits but to restructure its inner and
outer worlds. That process will touch every arena of life. It will require
every kind of human talent. It will need not only technical and en-
trepreneurial innovation, but also communal, social, political, artistic,
and spiritual innovation. Lewis Mumford recognized fifty years ago not
_ only the magnitude of the task, but also the fact that it is a particularly
human task, one that will challenge and develop the humanity—in the
most noble sense of that word—of everyone.

An age of expansion is giving place to an age of equilibrium. The
achievement of this equilibrium is the task of the next few cen-
turies. . . . The theme for the new period will be neither arms and
the man nor machines and the man: its theme will be the resur-
gence of life, the displacement of the mechanical by the organic,
and the re-establishment of the person as the ultimate term of all
human effort. Cultivation, humanization, co-operation, symbiosis:
these are the watchwords of the new world-enveloping culture.
Every department of life will record this change: it will affect the
task of education and the procedures of science no less than the
organization of industrial enterprises, the planning of cities, the
development of regions, the interchange of world resources.”
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The necessity to take the industrial world of growth to its next stage
of evolution is not a disaster, it is an opportunity. How to seize the op-
portunity, how to bring into being a sustainable world that is not only
functional but desirable is a question about leadership and ethics and
vision and courage. Those are properties not of technologies, markets,
government, corpdrations, or computer models but of the human
heart and soul. To speak of them the authors need a chapter break
here, to take off their computer modeling hats and put away their sci-
entists” white coats and to reappear as plain human beings.
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OVERSHOOT BUT NoT
COLLAPSE

Can we move nations and people in the direction of
sustainability? Such a move would be a modification of
society comparable in scale to only two other changes:
the Agricultural Revolution of the late Neolithic and
the Industrial Revolution of the past two centuries.
Those revolutions were gradual, spontaneous, and '
largely unconscious. This one will have to be a fully
conscious operation, guided by the best foresight that
science can provide. . . . If we actually do i, the
undertaking will be absolutely unique in humanity’s
stay on the Earth.

William D. Ruckelshausl

e have personally been writing about, talking about, and

working toward sustainability for more than twenty years.

We have had the privilege of knowing thousands of people
in every part of the world who are working in' the same direction, in
their own ways, with their own talents, in their own countries. When we
act at the offidial, institutional level and when we listen to political lead-
ers, we often feel frustrated. When we work with individuals outside
the boundaries of institutions, we usually feel encouraged.

Everywhere we find people who care about the Earth, about other
people, and about the welfare of their children and grandchildren.
They recognize the human misery and the environmental degradation
already apparent in the world, and they question whether current poli-
cies that promote growth can make things better. They are willing to
work for a sustainable society, if they could only believe that their ef
forts would make a useful difference. They ask: What can I do? What
can governments do? What can corporations do? What can schools, re-
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ligions, media do? What can citizens, producers, consumers, pareits
do?

We think that committed experimentation guided by those ques-
tions is more important than any particular answer, though answers
abound. There are “fifty simple things you can do to save the planet.”
Buy an energy-efficient car, recycle your bottles and cans, vote knowl-
edgeably in political elections—if you are one of the people in the world
who have cars, bottlés, cans, or elections. There are also notso-simple
things to do: work out your own conserving lifestyle; have at most two
children; work with love and partnership to help one family lift itself
out of poverty; earn your living in “right livelihood”; care responsibly
for one piece of land; do whatever you can to avoid supporting systems
that oppress people or abuse the earth.

Al these actions will help. They are all necessary. And, of course,
they are not enough. We are talking about a revolution here, not in the
political sense, like the French Revolution, but in the much more pro-
found sense of the Agricultural or Industrial Revolution.? Recycling

- bottles and cans is a good idea, but by itself it will not bring the world

to that kind of revolution. :

What will? In search of an answer to that question, we have found it
helpful to try to understand the first two great revolutions, insofar as
historians can reconstruct them,

The First Two Revolutions: Agriculture and Industry

-About 8000 years ago, the human population, after eons of slow ac-
cumulation, had reached the enormous (for the time) number of about
10 million. These people lived as nomadic hunter-gatherers, but their
numbers had begun to overwhelm the useful plants and game that had
until then been abundant all around them. To adapt to the problem of
disappearing wild resources they did two things. Some of them intensi-

fied their migratory lifestyle. They starting moving out of their ances-
- tral homes of Africa and the Middle East and populating the rest of the

game-rich world.
. Other people started domesticating animals, cultivating plants, and
as a consequence staying in one place. That was a totally new idea.

219 ’



Beyond the Limits

Simply by staying put, the proto-farmers altered the face of the planet
and the thoughts of humankind in ways they could never have fore-
seen.

For example, for the first time it made sense to own land. Further-
more, people who didn’t have to carry all their possessions on their
backs could accumulate things. Some people could accumulate more
than others. The ideas of wealth, inheritance, trade, money, and power
were born. Some people could live on excess food produced by others
and become full-time potters, toolmakers, musicians, scribes, priests,
soldiers, or kings. Thus arose, for better or worse, cities, experts, enter-
tainers, armies, and bureaucrats.

As its inheritors, we think of the Agricultural Revolution as a great
step forward. At the time, however, it was apparently a mixed blessing.
Many anthropologists think that agriculture was not a better way of life,
but a necessary one to accommodate increasing human’ populations.
Settled farmers got more food from an acre of land than hunter-gather-
ers did, but the food was of lower nutritional quality and less variety,
and it required much more work. Farmers became vulnerable in ways
nomads never had been to weather, disease, pests, invasion by outsid-
ers, and oppression from their own emerging ruling class. Since settled
people did not move away from their own wastes, they experienced hu-
mankind’s first chronic pollution.

Agriculture was a successful response to wildlife scarcity. It per-
mitted continued slow population growth, which added up over cen-
turies to an enormous increase, from about 10 million people to about
800 million by 1750. By that time the larger population had created
new scarcities, especially in land and energy. Another revolution was
necessary.

The Industrial Revolution began in England with the substitution
of abundant coal for vanishing trees. The use of coal raised immediate
practical problems of earth moving, mine construction, water pumping,
transport, and controlled combustion. It required greater concentra-
tions of labor around the mines and mills, and it required the elevation
of science and technology to prominent positions in human society.

Again everything changed in ways that no one could have imag-
ined. Coal led to steam engines. Machines, not land, became the cen-

e,
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tral means of production. Feudalism therefore gave way to capitalism
and to capitalism’s dissenting offshoot, communism. Roads, railroads,
factories, smokestacks appeared everywhere. Cities swelled. Again the
change was a mixed blessing. Factory labor was even harder and more
demeaning than farm labor. The environment near the new factories
turned unspeakably filthy. The standard of living for most people in
the industrial work force was far below that of a yeoman farmer. But
work in a factory was better than starving on the crowded land.

It is hard for people alive today to appreciate how profoundly the
Industrial Revolution changed human thought, because we still think
its thought. Historian Donald Worster has described the philosophical

impact of industrialism perhaps as well as any of its inheritors and prac-
titioners can:

The capitalists . . . promised that, through the technological domi-
nation of the earth, they could deliver a more fair, rational, effi-
cient and productive life for everyone. . . . Their method was
simply to free individual enterprise from the bonds of traditional
hierarchy and community, whether the bondage derived from
other humans or the earth. That meant teaching everyone to treat
the earth, as well as each other, with a frank, energetic, self-as-
sertiveness. . , . People must . . . think constantly in terms of mak-
ing money. They must regard everything around them—the land,
its natural resources, their own labor—as potential commodities
that might fetch a profit in the market. They must demand the
right to producc, buy, and sell those commodities without outside
regulation or interference. . . . As wants multiplied, as markets
grew more and more far-ﬂung, the bond between humans and the
rest of nature was reduced to the barest instrumentalism.3

That bare instrumentalism led to great material productivity and a
world that now supports, partially anyway, more than 5 billion people.
The far-flung markets led to environmental exploitation from the poles
to the tropics, from the mountaintops to the ocean depths. The success
of the Industrial Revolution, like the more limited successes of hunting-
gathering and of agriculture, eventually led to further scarcities, not
only of game, not only of land, not only of fuels and metals, but of the
absorptive capacity of the environment.

Therefore it has created the necessity for another revolution.
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The Next Revolution: Sustainability

It is as impossible for anyone now to describe the world that could
evolve from a sustainability revolution as it would have been for the
farmers of 6000 BC to foresee present-day Iowa, or for an English coal
miner of 1750 to imagine a Toyota assembly line. The most anyone can
say is that, like the other great revolutions, a sustainability revolution
could lead to enormous gains and losses. It too could change the face
of the land and the foundations of human self-definitions, institutions,
and cultures. Like the other revolutions, it will take centuries to de-
velop fully—though we believe it is already underway and that its next
steps need to be taken with urgency, so that a revolution is possible in-
stead of a collapse.

- Of course no one knows how to bring about a sustainability revolu-
tion. There is not and will never be a checkoff list: “To accomplish a
global revolution, follow the twenty steps below.” Like the revolutions
that came before, this one can’t be planned or dictated. It won't follow
a list of fiats from a government or from computer modelers. The
Sustainability Revolution, if it happens, will be organic and evolution-
ary. It will arise from the visions, insights, experiments, and actions of
billions of people. The burden of making it happen is not on the shoul-
ders of any one person or group. No identifiable person or group will
get the credit, though some may get some blame. And everyone can
contribute. '

Our systems training and our own work in the world have brought
home to us two properties of complex systems that are important to
the sort of thoroughgoing revolution we are discussing here.

First, information is the key to transformation. That does not nec-
essarily mean more information, better statistics, bigger databases. It
means information flowing in new ways, to new recipients, carrying
new content, and suggesting new rules and goals (rules and goals are
‘themselves information). With different information structures, the sys-
temn will inevitably behave differently. The policy of glasnost, for exam-
ple, the simple opening of information channels that had long been
closed, guaranteed the rapid transformation of Eastern Europe. The
old system had been held in place by tight control of information.
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Letting go of that control necessitated some sort of restructuring (tur-
bulent and unpredictable, but inevitable) toward a new system consis-
tent with the new information.

Second, systems strongly resist changes in their information flows,

most especially in their rules and goals. An existing system can con-

strain almost entirely the attempts of an individual to operate by differ-
ent rules or to attain different goals than those sanctioned by the
system, However, only individuals, by perceiving the need for new in-
formation, rules, and goals, communicating about them, and trying
them out, can make the changes that transform systems.

For example, we have learned the hard way that it is difficult to live
a life of material moderation within a social system that expects, ex-
horts, values, and rewards consumption. But an individual can move a
long way in the direction-of moderation, It is not easy to use energy ef-

' ﬁc1cntly in an economy that produces energy-inefficient products. But
one can search out or, if necessary, invent more efficient ways of doing

things. Above all, it is difficult to put forth new information in a system
that is structured to hear and process only old information. Just try,
sometime, to question in public the value of more physical growth, or
even to make a distinction between growth and development, and you
will sée what we mean. It takes courage and dlarity to communicate in-
formation that challcnges the structure of an established system. But it
can be done.

In our own search for ways to encourage the peaceful restructuring
of a systemn that naturally resists its own transformation, we have tried
many tools. The most obvious ones are displayed throughout this
book--rational analysis, data, systems thinking, computer modeling,
and the clearest words we are capable of finding to express new infor-
mation and new models. Those are tools that anyone trained like us in

-science and economics would automatically grasp. Like recycling, they

are useful, necessary, and not enough.
We don’t know what will be enough. But we would like to conclude

- this book by mentioning five other tools we have found helpful, not as

the ways to work toward sustainability, but as some ways that have been
u;eful to us. We are a bit hesitant to discuss them because we are not
experts in their use-and because they require the use of words that do

223 !



Beyond the Limils

not come easily from the mouths or word processors of scientists. They
are considered too “soft” to be taken seriously in the cynical public
arena. They are: visioning, networking, truth-telling, learning, and
loving.

The transition to a sustainable society might be helped by the sim-
ple use of words like these more often, with sincerity and without apol-
ogy, in the information streams of the world.

Visioning

Visioning means imagining, at first generally and then with increas-
ing specificity, what you really want. That is, what you really wani, not
what someone has taught you to want, and not what you have learned
to be willing to settie for. Visioning means taking off all the constraints
of assumed “feasibility,” of disbelief and past disappointments, and let-
ting your mind dwell upon its most noble, uplifting, treasured dreams.

Some people, especially young people, engage in visioning with en-
thusiasm and ease. Some people find the exercise of visioning painful,
because a glowing picture of what could be makes what #s all the more
intolerable. Some people would never admit their visions, for fear of
being thought impractical or “unrealistic.” They would find this para-
graph uncomfortable to read, if they were willing to read it at all. And
some people have been so crushed by their experience of the world
that they can only stand ready to explain why any vision is impossible.
That’s fine; they are needed too. Vision needs to be balanced with skep-
ticism, A

We should say immediately for the sake of the skeptics that we do
not believe it is possible for the world to envision its way to a sustain-
able future. Vision without action is useless. But action without vision
does not know where to go or why to go there. Vision is absolutely nec-
essary to guide and motivate action. More than that, vision, when
widely shared and firmly kept in sight, brings into being new systems.

We mean that literally. Within the physical limits of space, time,
materials, and energy, visionary human intentions can bring forth not
only new information, new behavior, new knowledge, and new technol-
ogy, but eventually new social institutions, new physical structures, and

-
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new powers within human beings. Ralph Waldo Emerson recognized
this strange truth 150 years ago:

Every nation and every man instantly surround themselves with 2
material apparatus which exactly corresponds to their moral state,
or their state of thought. Observe how every truth and cvery error,
Veach a thought of some man’s mind, clothes itself with societies,
houses, cities, language, ceremonies, newspapers. Observe the
ideas of the present day . . . see how each of these abstractions has
embodied itself in an imposing apparatus in the community, and
how timber, bﬁck, lime, and stone have flown into convenient
shape, obedient to the master idea reigning in the minds of many
persons. . . . It follows, of course, that the least change in the man
will change his circumstances; the least enlargement of ideas, the
least mitigation of his feelings in respect to other men . . . would
cause the most striking changes of external things.*

A sustainable world can never come into being if it cannot be envi-

~sioned. The vision must be built up from the contributions of many

people before it is complete and compelling. As a way of encouraging
others to join in the process of visioning, we’ll list here some of what

~we see, when we let ourselves imagine a sustainable society that we

would like to live in.5 This is by no means a definitive list or a complete

“vision. We include it only to invite you to develop and enlarge it.

. Sustainability,_:;;é:fﬂciency, sufficiency, justice, equity, and community
as high social values. '

Leaders who are honest, respectful, and more interested in doing
their jobs than in keeping their jobs. (Remember, this is a vision,
not what we have come to expect.)

» Material sufficiency and security for all. Therefore, by spontaneous
choice as well as by communal norms, low death rates, low birth
rates, and stable populations.

» Work that dignifies people instead of demeaning them. Some way
of providing incentives for people to give of their best to society
and to be rewarded for doing so, while still ensuring that people
will be provided for sufficiently under any circuomstances.

¢ An cconomy that is a means, not an end, one that serves the wel-
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fare of the human community and the environment, rather than
demanding that the community and environment serve it.6

Efficient, renewable energy systems; efficient, cyclic materials sys-
tems.

e Technical design that reduces pollution and waste to a minimum,
and social agreement not to produce pollution or waste that nature
can’t handle.

Regenerative agriculture that builds soils, uses natural mechanisms
to restore nutrients and control pests, and produces abundant, un-
contaminated food.

Preservation of ecosystems in their variety, with human cultures liv-

ing in harmony with those ecosystems—therefore high diversity of -

both nature and culture, and human tolerance and appreciation for
that diversity.

Flexibility, innovation (social as well as technical), and intellectual
challenge. A flourishing of science, a continuous enlargement of
human knowledge.

Greater understanding of whole systems as an essential part of each
person’s education.

Decentralization of economic power, political influence, and scien-
tific expertise. :

Political structures that permit a balance between shortterm and
long-term considerations. Some way of exerting political pressure
on behalf of the grandchildren.

High skills on the part of citizens and governments in the arts of
nonviolent conflict resolution.

Print and broadcast media that reflect the world’s diversity and at
_ the same time bind together the cultures of the world with relevant,
accurate, timely, unbiased, and intelligent information, set into its
historic and whole-system context.

» Reasons for living and for thinking well of oneself that do not re-
quire the accumulation of material things.
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Networking

We could not do our work without networks. Most of the networks
we belong to are informal. They have small budgets, if any, and few of
them appear on rosters of world organizations. They are almost invisi-
ble, but their effects are not negligible. Informal networks carry infor-
mation in the same way as formal institutions do, and often more
effectively. They are the natural home of new information, and out of
them can evolve new system structures.

Some of the networks important to us are very local some are in-
ternational. They are simply collections of people who stay in touch,
who pass around data and tools and ideas and, most important of all,
encouragement. One of the important purposes of a network is sirply
to remind its members that they are not alone.

A network is by definition nonhierarchical. It is 2 web of connec-
tions among equals. What holds it together is not force, obligation, ma-
terial incentive, or social contract, but rather shared values and the
understanding that some tasks can be accomphshcd together that could
never be accomplished separately.

We know of networks of farmers who are exploring organic meth-
ods and sharing their experience. There are networks of environmental
journalists, of “green” entreprencurs, of computer modelers, of game
designers, land trusts, consumer cooperatives. There are thousands and
thousands of networks. They spring up naturally as human beings with
common purposes find each other. Some networks become so big and
busy and essential that they evolve into formal organizations with of-
fices and budgets, but most just come and go as needed.

Networks dedicated to sustainability seem to be forming most ac-
tively at the local and the global levels. New organizations at these lev-
els may be especially needed to create a sustainable society that
harmonizes with local ecosystems while keeping itself below global lim-

its. About local networks we can say little here; our localities are differ-

ent from yours. One role of local networks is to help reestablish the
sense of community and of relationship to place that has been largely
lost since the Industrial Revolution.

When it comes to global networks, we would like to make a plea
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that they be truly global. The means of participation in international
information streams are as badly distributed among the world’s people
as are the means of production. There are more telephones in Tokyo,
it is said, than in all of Africa. That must be even more true of comput
ers, fax machines, airline connections, and invitations to international
meetings.

It could be argued that Africa and other underreprescnted parts of
the world have urgent needs for many things other than telephones
and fax machines. We suggest that those needs cannot be effectively ex-
pressed in the world, nor can the world benefit from the contributions
of underrepresented peoples unless their voices can become part of the
global conversation. Some of the greatest gains in material and energy
efficiency have come in the design of communications equipment. It
should be possible within the throughput limits of the carth for every-
one to have the opportunity for global as well as local networking.

If you see a part of the sustainability revolution that interests you,
you can find or form a network of others who share that interest. The
network will help you discover where to go for information, what publi-
cations and tools are available, where to find administrative and finan-
cial support, and who can join you for specific tasks. The right network
will not only help you learn but will allow you to pass your learning on
to others.

Truth-telling

No, we are no more certain of the truth than anyone is. But we
often recognize an untruth when we hear one, coming from our own
mouths or those of others, and most particularly coming from advertis-
ers and from political leaders. Many of those untruths are deliberate,
understood as such by both speakers and listeners. They are put forth
to manipulate, lull, or entice, to postpone action, to justify selfserving
action, to gain or preserve power, or to deny an uncomfortable reality.

Lies distort the information stream. A system cannot function, es-
pecially in time of peril, if its information stream is confused and dis-
torted. One of the most important tenets of systems theory, for reasons
we hope we have made clear in this book, is that information should
not be deliberately distorted, delayed, or sequestered.

e
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“All of humanity is in peril,” said Buckminster Fuller, “if each one
of us does not dare, now and henceforth, always to tell only the truth
and all the truth, and to do so promptly—right now.”” Whenever you
speak in public, even to a public of one other person, you can counter
a lie or affirm a truth, as best you can see truth. You can deny the idea
that having more things makes one a better person, or you can endorse
it, You can question the idea that growth for the rich will help the
poor, or you can accept it. The more you can use your voice to counter
misinformation, the more manageable your society will ultimately be,

Here are some common biases and simplifications, verbal traps, un-
truths that we have run into frequently in discussing limits to growth.
We think they need to be pointed out and avoided, if there is ever to

be clear thinking about the human economy and its relationship to the
earth.

« Not: A warning about the future is a prediction of doom.
But: A warning about the future is a recommendation to follow a
different path. ' ‘

* Not: The environment is a luxury or a competing demand or a com-
modity that people will buy when they can afford it.
But: The environment is the source of all life and every economy.

¢ Not: Change is sacrifice.
But: Change is challenge and it is necessary.

= Not: Stopping growth will lock the poor in their poverty.
But: Present patterns of growth are locking the poor into poverty;
they need growth that is specificaily geared to serve their needs.

» Not: Everyone should be brought up to the material level of the
richest countries,

But: All material human needs should be met materially and all
nonmaterial human needs met nonmaterially.

= Not: All growth is good, without question, discrimination, or investi-

gation.
And not: All growth is bad.
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Bui: What is needed is not growth, but development. Insofar as de-
velopment requires physical expansion, it should be equitable, af-
fordable, and sustainable.

« Not: Technology will solve all problems, or technology does nothing

but cause problems.

But: What technologies will reduce throughput, increase efficiency,
enhance resources, improve signals, end poverty, and how can sod-
ety encourage them?

And: What can we bring to our problems as human beings, beyond
our ability to produce technology? ‘

« Not: The market system will automatically bring us the future we

want.
But; How do we use the market system, along with many other or-
ganizational devices, to bring us the future we want?

« Not: Industry is the cause of all problems, or the cure.

Nor: Government is the cause or the cure.

Nor: Environmentalists are the cause or the cure.

Nor: Any other group (economists come to mind) is the cause or
cure, _

But: All people and institutions play their role within the large sys-
tem structure. In a system that is structured for overshoot, all play-
ers will deliberately or inadvertently contribute to that overshoot.
In a system that is structured for sustainability, industries, govern-
ments, environmentalists, and most especially economists will play
essential roles in contributing to sustainability.

*

Not: Unrelieved pessimism.

And not: Sappy optimism,

But: The resolve to discover and tell the truth about the successes
and the failures of the present and the potentials and the obstacles
in the future. :

And above all: The courage to admit and bear the pain of the pre-
sent world, while keeping a steady eye on a vision of a better fu-
ture.

¢ Not: The World3 model, or any other model, is right or wrong.
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But: All models, including the ones in our heads, are a litte right,
much too simple, and mostly wrong. How do we proceed in such a
way as to test our models and learn where they are right and
wrong? How do we speak to each other as fellow modelers, with the
appropriate mixture of skepticism and respect? How do we stop
playing right/wrong games with each other, and start designing
right/wrong tests for our models against the real world?

That tast challenge, the sorting out and testing of models, brings us
to the topic of learning.

Learning

Visioning, networking, and truth-telling are useless if they do not
lead to action. There are many things to de to bring about a sustainable
world. New farming methods have to be worked out. New kinds of
businesses have to be started and old ones have to be redesigned to re-
duce throughputs. Land has to be restored, parks protected, energy sys-
tems transformed; international agreements reached. Laws have to be
passed, and others repealed. Children have to be taught and so do
adults. Films have to be made, music played, books published, people
counseled, groups led.

Fach person will find his or her own best role in all this doing. We
wouldn’t presume to prescribe that role for anyone but ourselves. But
we would make one suggestion about kow to do whatever you do. Do it
humbly. Do it not as a declaration of policy but as an experiment. Use
your action, whatever it is, to learn, '

The depths of human ignorance are much more profound than
most humans are willing to admit. Especially at a time when the global
society is coming together as a more integrated whole than it has ever
been before, when that society is pressing against the dynamic limits of
a wondrously complex planet, and when wholly new ways of thinking

.are called for, no‘one really knows enough. No leader, no matter how

authoritative he or she pretends to be, understands the situation. No

policy can be declared as The Policy to be imposed on the world.
Learning means the willingness to go slow, to try things out, and to

collect information about the effects of actions, including the crucial
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but not always welcome information that an action or policy is not
working. One can’t learn without making mistakes, telling the truth
about them, and moving on. Learning means exploring a new path
with vigor and courage, being open to other peoples’ explorations of
other paths, and being willing to switch paths if new evidence suggests
that another one leads more efficiently or directly to the goal.

The world’s leaders have lost both the habit of learning and the
freedom to learn. Somehow a cultural system has evolved that assigns
most people to the role of followers, who expect leaders to have all the
answers, and assigns a few people to the role of leaders, who pretend
they have all the answers. This perverse system does not allow the de-
velopment of either leadership capablllty in the people or learning ca-
pability in the leaders.

It's time to do some truth-telling. The world’s leaders do not know
any better than anyone else how to bring about a sustainable society;
most of them don’t even know it’s necessary to do so. A sustainability
revolution requires each person to act as a learning leader at some
level, from family to community to nation to the world. And it requires

each of us to support leaders at all levels in their learning by creating .

-an environment that permits them to admit uncertainty, conduct exper-
iments, and acknowledge mistakes.

No one can be free to learn without patience and forgiveness. But
in a condition of overshoot, with possible collapse on the horizon,
there is not much time for patience and forgiveness; there is a need for
action, determination, courage, and accountability. Finding the right
balance between the apparent opposites of urgency and patience, ac-
countability and forgiveness is a task that requires compassion, humil-
ity, clear-headedness, and honesty.

In the quest for a sustainable world, it doesn’t take long before
even the most hard-boiled, rational, and practical persons, even those
who have not been trained in the language of humanism, begin to
speak, with whatever words they can muster, of virtue, morality, wis-
dom, and love.
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Loving

One is not allowed in the modern culture to speak about love, ex-
cept in the most romantic and trivial sense of the word. Anyone who
calls upon the capacity of people to practice brotherly and sisterly love
is more likely to be ridiculed than to be taken seriously. The deepest
difference between optimists and pessimists is their position in the de-
bate about whether human beings are able to operate collectively from
a basis of love. In a society that systematically develops in people their
individualism, their competitiveness, and thelr cynicism, the pessimists
are in the vast majority.

That pessimism is the single greatest problem of the current social
system, we think, and the deepest cause of unsustainability. A culture
that cannot believe in, discuss, and develop the best human qualities is
one that suffers from a tragic distortion of information. “How good a
society does human nature permit?” asked psychologist Abraham
Maslow. “How good a human nature does society permit?”$

The sustainability revolution will have to be, above all, a societal
transformation that permits the best of human nature rather than the
worst to be expressed and nurtured. Many people have recognized that
necessity and that opportunity. For example, John Maynard Keynes
wrote in 1932:

The problem of want and poverty and the economic struggle be-
tween classes and nations is nothing but a frightful muddle, a tran-
sitory and unnecessary muddle. For the Western World already
has the resource and the technique, if we could create the organi-
zation to use them, capable of reducing the Economic Problem,
which now absorbs cur moral and material energy, to a position of
secondary importance . . . . Thus the . . . day is not far off when
the Economic Problem will take the back seat where it belongs,
and . . . the arena of the heart and head will be occupied . . . by
our real problems—the problems of life and of human relations, of
creation and behaviour and religion.?

Aurelio Peccei, the great industrial leader who wrote constantly
about problems of growth and limits, economics and environment, re-
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sources and governance, never failed ‘to conclude that the answers to
the world’s problems begin with a “new humanism”:

The humanism consonant with our epoch must replace and re-
verse principles and norms that we have heretofore regarded as
untouchable, but that have become inapplicable, or. discordant
with our purpose; it must encourage the rise of new value systems
to redress our inner balance, and of new spiriiual, ethical, philo-
sophical, social, political, esthetic, and artistic motivations to fill
the emptiness of our life; it must be capable of restoring within us
. . . love, friendship, understanding, solidarity, a spirit of sacrifice,
conviviality; and it must make us understand that the more closely
these qualities link us to other forms of life and to our brothers
arid sisters everywhere in the world, the more we shall gain 10

It is difficult to speak of or to practice love, friendship, generosity,
understanding, or solidarity within a system whose rules, goals, and in-
formation streams are geared for lesser human qualities. But we try,
and we urge vou to try. Be patient with yourself and others as you and
they confront the difficulty of a changing world. Understand and em-
pathize with inevitable resistance; there is some resistance, some cling-
ing to the ways of unsustainability, within each of us. Include everyone
in the new world. Everyone will be needed. Seek out and trust in the
best human instincts in yourself and in everyone, Listen to the cynicism
around you and pity those who believe it, but don’t believe it yourself.

The world can never pass safely through the adventure of bringing
itself below the limits if that adventure is not undertaken in a spirit of
global partnership. Collapse cannot be avoided if people do not learn
to view themselves and others with compassion, We take our stand as
optimists. We think people can find that compassion within themselves
if they are given the opportunity, without ridicule, to do so.

Is any change we have advocated in this book, from more resource
efficiency to more human compassion, really possible? Can the worid
actually ease down below the limits and avoid collapse? Is there enough
time? Is there enough money, technology, freedom, vision, community,
responsihility, forésight, discipline, and iove, on a global scale?

Of all the hypothetical questions we have posed in this book, those
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are the ones that are most unanswerable, though many people will pre-
tend to know the answers. The ritual cheerfulness of many uninformed
people, especially many world leaders, would say the questions are not
even relevant; there are no meaningful limits. Many of those who are
informed and who worry about the problem of overshoot are infected
with the deep public cynicism that lies just under the ritual cheerful-
ness. They would would say that there are severe problems already,
with worse ones ahead, and that there’s not a chance of solving them.

Both those answers are based, of course, on mental models. The
truth is that no one knows.

We have said many times in this book that the world faces not a
preordained future, but a choice. The choice is between models. One
model says that this finite world for all practical purposes has no limits,
Choosing that model will take us even further beyond the limits and,
we believe, to collapse. '

Another model says that the limits are real and close, and that
there is not enough time, and that people cannot be moderate or re-
sponsible or compassionate. That model is selffulfilling. If the world
chooses to believe it, the world will get to be right, and the result will
also be collapse. )

A third model says that the limits are real and close, and that there
is just exactly enough time, with no time to waste. There is just exactly
enough energy, enough material, enough money, enough environmen-
tal resilience, and enough human virtue to bring about a revolution to
a better world.

That model might be wrong. All the evidence we have seen, from
the world data to the global computer models, suggests that it might be
right. There is no way of knowing for sure, other than to try it.
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preparation of World3.

Meadows, Donella I, John Richardson, and Gerhart Bruckmann. Groping in
the Dark, The First Decade of Global Modelmg New York: John Wiley & Sons,
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" UNEP. Enmronmmtal Data Report. Oxford: Basil Blackwell, Ltd., published an-
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On the Sustainable Society
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lively global discussion at any point. These books will lead to you others.
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Berry, Thomas. The Dream of the Earth. San Francisco: Sierra Club Books, 1988,
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viable mode of human presence upon the earth.” This is -a collection of
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science, and with a sustainable society.
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Clark, Mary E. Aviadne’s Thread: The Search for New Modes of Thinking. New
York: St. Martin's Press, 1989. A comprehensive and courageous book that
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arose out of a course on the global future taught by faculty from fifteen dif-
ferent disciplines at San Diego State University The book explores new
thmkmg toward sustainability not only in energy and ecology and eco-
nomics, but also in psychoelogy, anthropology, religion, and government.

Daly, Herman. Steady-State Econormics, Washington, DC: Island Press, 1991. A
collection of essays by the foremost theoretician of the economics of the
sustainable society. Easy to read, written for the most part for the general
public, and very thought-provoking.

Daly, Herman, and John Cobb. Fer the Common Good. Boston: Beacon Press,
1989. A more technical and thorough book than the one listed above, writ-
ten for people familiar with the language of professional economics. It ana-
lyzes in depth the reasons why current economic theory does not deal with
the wholesystem requirements of either the human society or the enviren-
ment, and, without discarding the achievements of modern economics, it
begins to lay the groundwork for the additions and corrections that will es-
tablish the more complete economics of community and sustainability.

Ehrlich, Paul R., and Anne H. Ehrlich. Healing the Planet. Reading, MA: Addi-
son-Wesley, 1991. This husbandwife team has been documenting global
problems and pointing toward solutions for decades. Their latest work is a

_readable and comprehensive summary of how to read the danger signals
coming from the planet and what kinds of actions can restore the planctary
system and ensure the human future.

Gever, John, Robert Kaufimann, David Skole, and Charles Vorosmarty. Beyond
Oil: The Threat to Food and Fuel in the Coming Decades. Cambridge: Ballinger,
1986. A fascinating analysis of the degree to which the United States is ap-
proaching or has exceeded its carrying capacity, especially with respect. to
energy and agriculture. The siudy is based upon painstaking use of data and
on computer modeling.

IUCN, UNEP, WWF. Caring for the Farth: A Strategy for Sustainable Living. Lon-
don: Earthscan Publications, 1991. A compendium of principles and actions
for sustainable living, based on the World Conservation Strategy published
in 1980 by the same three international organizations. An excellent sum-
mary of the state of global thinking on the nature of the sustainable society
and the steps to bring it about.

Lovelock, J. E. Gaia: A New Look at Life on Earth. Oxford: Oxford University
Press, 1979. A controversial and thought-provoking hypothesis about the
earth-as a whole system. It has spawned on the one hand a field of serious
scientific inquiry into earth systems and on the other hand a new religion
worshipping the earth as a being, and a goddess.

Lovins, Amory B. Soft Energy Paths. Cambridge: Ballinger, 1977. The book that
introduced the central concepts of an energy system for a sustainable world.
The numbers in this book are now out of date~improving technology has
made the soft energy path much more feasible and economically favorable
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than it locked in 1977. But the arguments are still valid, and the book is still

. aclassic.

Mathews, Jessica Tuchman, ed., Preserving the Global Environment: The Challenge
of Shared Leadership. New York: W. W. Norton, 1991. Essays about policy by
some of the world’s leading thinkers in the fields of population, deforesta-
tion, energy, economics, regulation, and international cooperation.

Meadows, Dennis L., ed., Alfernatives to Growth-I. Cambridge: Ballinger, 1977,
Distributed by Heronbrook Publications, P.Q. Box 844, Durham, NH
05824, In this book seventeen chapters describe the ways society could exist
in harmony with the planet’s limits to growth. Four sections of the book
focus on “Nutrition and Energy in the Steady State,” “Economic Alterna-
tives in an Age of Limits,” “The Politics of Equity and Social Progress in a
Finite World,” and “ Life-styles and Social Norms for a Sustainable State.”
The book presents the winning papers that were submitted to the George
and Cynthia Mitchell International Competition on sustainable futures.

Meadows, Donella H. The Global Citizen. Washington, DC: Island Press, 1991,
A compilation of newspaper columns written from 1985 to 1990 on the is-
sues raised by growth, limits, and sustainability. Subjects range from per-
sonal lifestyle to global policy, from specific issues of energy, agriculture,
waste management, and pollution control to concerns about leadership,
ethics, and vision. There is a special attempt to include “good news” case
studies.

Milbrath, Lester W. Envisioning a Sustainable Society. Albany: State University of
New York Press, 1989, A detailed description of the sustainable society, as
far as anyone can see it now, but with emphasis on the fact that it cannot be
fully foreseen and certainly not dictated—it will require, above all, learning.

Orr, David W. Ecological Literacy. Albany: State University of New York Press,
1992, This collection of penetrating essays on the kind of education needed
for sustainability also contains a much more complete “sustainability read-
ing list” then we can include here ‘

Sagoff, Mark. The Economy of the Earth. Cambridge: Cambridge University
Press, 1988. A philosopher’s critique of welfare economics. Thoughts on
ethics, potitics, law, and economics as if the earth mattered.

Schumacher, E, F. Small is Beautiful. New York: Harper & Row, 1973. A classic
work of clear thinking about poverty and development, economics in gen-
eral and resource economics in particular, laced with a welcome thread of
philosophical detachment and moral commitment.

Swimme, Brian. The Universe Is ¢ Green Dragon. Santa Fe: Bear and Company,
1984. A beautiful interpretation of Thomas Berry’s teachings; a new story
and new vision of humanity’s role on the earth and in the universe.

Wilson, E. O., ed., Biodiversity. Washington, DC: National Academy Press,
1988. A collection of papers written by many of the world’s experts on bio-
diversity for a National Forum on Biodiversity, sponsored by the National
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Academy of Sciences and the Smithsonian Institution. If you want to know
what ecologists are seeing as they monitor the ecosystems of the world and
how they feel about it, this is an excellent volume to read.

Woodwell, George, ed., The Earth in Transition: Paiterns and Processes of Biotic
Fmpoverishment. Cambridge: Cambridge University Press, 1990. Another col-
lection of papers from a congress of field ecologists, held at about the same
time as the National Forum described in the entry above. The papers in this
volume are on.the whole longer and more scholarly than the ones in the
book edited by Wilson. Together they add up to a stunning documentation
of the erosion of biotic resources in every part of the world, from the tun-
dra to the tropical forest, from the coral reefs to the lakes of Canada, and
from the Great Basin of the U.8, West to the eucalyptus forests of Australia.

World Commission on Environment and Development. Our Common Fulure.
Oxford: Oxford University Press, 1987. This is the report of the prestigious
international panel that conducted a twoyear study and held hearings all
around the world on the issues of environment and development. The two
primary contributions of this study were the definition and popularization
of the idea of sustainability and the strong linkage of the issues of environ-
ment and development. The book is full of interesting -data and also of
poignant quotations from people who testified at the hearings.

Some Works by and for The Club of Rome

There have been numerous reports io The Club of Rome by research groups
commissioned by them, as we wére commissioned twenty years ago, lo investi-
gate some aspects’ of what the Club calls the “global preblematique”™ A few
books have been vritten & The Club of Rome or by some of its prominent

‘members in the Club’s name. Some of the most recent and important exam-

ples of the latter we list here.

King, Alexander, and Bertrand Schneider. The First Global Revolution. New
York: Pantheon Books, 1991, From the problematique to the resolulique. A
“blueprint for the twentyfirst century” by the Council of The Club of
Rome.

Peccei, Aurelio, The Human Quality. Oxford: Pergamon Press, 1977, In the first
chapter of this book the founder of The Club of Rome writes a short autobi-
ography, which is a testament to the nobility of the human race, and a grip-
ping story of a man who experienced everything from Fascist torture
chambers to the boardrooms of major corporations. The rest of the book is
his account of the founding of the Club, the preparation of The Limils fo
Growth, and the human revolution he believed was both necessary and possi-
ble.

Peccel, Aurelio. One Hundred Pages for the Future. New York: Pergamon Press,
1981. Less personal than The Human Quality, more focused on the state of
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the world and what to do about it. Peccei consistently points out that the so-
lutions to the world’s problems are to be found within ourselves.

Peccei, Aurelio, and Daisaku Ikeda. Before It Is Too Late. Tokyo: Kodansha In-
ternational, 1984. A conversation on global issues between the founder of
The Club of Rome and a Buddhist lay Ieader. The last publication of Aure-
lio Peccei before his death in 1984.

Pestel, Eduard. Beyond the Limils to Growth. New York: Universe Books, 1989.
Another early member of The Club of Rome, a global modeler himself, pro-
vides his memories of the Club’s activities and sets forth his view of where
to go from here.
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GLOSSARY OF
SYSTEMS TERMS

behavior The performance of a system over time—growth, steady equi-
librium, oscillation, decline, randomness, evolution, chaos, or any
complex combination of these behaviors.

collapse  An uncontrolled decline in a population or economy in-
duced when that population or economy overshoots the sustainable
limits to its environment and in the process reduces or erodes those
limits. Collapse is especially likely to occur when there are positive
loops of erosion, so that a degradation of the environment sets in
motion processes that degrade it further.

delay A time lag between a cause and an effect. It can occur because
of a time-consuming intervening physical process. For example there
is a construction delay between the initial investment in an electric
power plant and its completion, and a delay between the application
of a pesticide to the soil and its eventual percolation into the
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groundwater. Delays can also occur-in information flows—for exam-
ple, the normal “noise” or variation in the weather means that
weather patterns must be averaged over many years before there is
reliable information about whether a climate change has occurred.

equilibrinm  When a stock’s inflows equal its outflows (see stock). A

population is in equilibrium when its births plus inmigrations equal
its deaths plus outmigrations. A lake is in equilibrium when its in-
flows equal its outflows plus evaporation. In equilibrium, the con-
tents of the stock are ‘continually changing, but its overall level is
constant.

erosion A dccline in the resource base supporting a system.that in it-
self can lead to further decline. A positive feedback loop going down-
ward, so that each decrease makes the next decrease likely.

exponential growth Growth by a constant fraction of the growing
quantity during a constant time period, Money in the bank grows ex-
ponentially when interest is added at the rate, say, of 7% of whatever
is already in bank every year. Populations grow exponentially when
they multiply by a fraction of themselves every year, or every month,
or, in the case of microbes, every few minutes. When something
grows exponentially, it continuously doubles—2, 4, 8, 16, 32—with a
characteristic doubling time,

feedback loop A closed chain of causal connections. Generally feed-
back loops proceed from a stock, through a set of decision or actions
dependent on the condition of that stock, and back again to a
change in the stock.

flow A rate of change of a stock, usually an actual physical flow into or
out of a stock. Whatever units a stock is measured in, all flows into
and out of that stock are measured in the same units per unit of
time. Important flows in World3 are human births ‘per year and
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deaths per year, capital investment per year and depreciation per
year, pollution generated per year and absorbed per year, and non-
renewable resources consumed per year.

negative feedback loop A chain of cause-and-effect relationships that
propagates a change in one element around a cirde of causation
until it comes back to change that element in a direction opposite to
the initial change. Whereas positive loops generate runaway growth,
negative feedback loops tend te regulate growth, to hold a system
within some acceptable range, or to return it to a stable state.

nonlinearity A relationship between a cause and an effect that is not
linear, which is to say, not strictly proportional for all values of the
cause or the effect. For instance, suppose you put 2 pounds of fertil-
izer on your garden and your yield went up 10%, and then you put 4
pounds of fertilizer on and your yield went up 20%. So far the rela-
tionship between fertilizer and yield is linear. But it is quite unlikely
that applying 200 pounds of fertilizer would raise your yield 1000%
(it could kill your garden entirely!). Over that range the relationship
between fertilizer and yield is nonlinear,

overshoot To go beyond a target, and in the particular meaning of
this book, it is to go beyond the sustainable carrying capacity of the
environment. Overshoot is caused by delays or faults in feedback in-
formation that do not allow a system to control itself relative to its
limits. Overshoot is also a function of the speed of change or move-
ment of the system—a feedback delay that can be accommodated at
low speed may cause overshoot at higher speed.

positive feedback loop A chain of cause-and-effect relationships that
closes in on itself so that an increase in any one element in the loop
will start a sequence of changes that will increase the original ele-
ment even more. A positive feedback loop can be a “vicious circle,”
or a “virtuous circle,” depending on whether the growth it produces
is wanted or not,
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sink* The ultimate destination of material or energy flows used by a can exhibit dynamic, adaptive, goalsecking, self-preserving, and eve-
system. The atmosphere is the sink for carbon dioxide generated by lutionary behavior.

burning coal. A municipal landfill is often the sink for paper made

from wood from a forest. throughput The flow of energy and/or material from the original

sources, through a system (where it may be transformed), and out to
source* A point of origin of material or energy flows used by a sys- the ultimate sinks.

tem. Coal deposits under the ground are the sources of coal in the
short term; in the very long term forests are the sources of coal.
Forests are sources of wood in the short term; in the intermediate
term soil nutrients, water, and solar energy are the sources of
forests.

stock An accumulation, store, level, or quantity of material, energy, or
information. It represents the current state of the system; it reflects
the history of flows into and out of that stock; and, since stocks typ-
ically change only slowly over time, it can act as a delay in the
system’s response. Important stocks in World3 are population, in-
dustrial capital, service capital, agricultural land, pollution, and non-
renewable resources.

structure The entire set of stocks, flows, feedback loops, and delays
that define all the interconnections of a system. A system’s structure
determines its full range of behavioral possibilities. The actual behav-
jor at any given moment arises from the system’s structure plus its
environment plus its current internal state.

system An interconnected set of elements that is coherently organized
around some purpose. A system is more than the sum of its parts. It

*When you look carefully at sources and sinks, and especially when you look at
them over the long term, you see that they are not things, like buckets that can
be filled or emptied, but processes. They are buckets that are being continually
refifled or emptied by nature at varying rates. Sources and sinks are limits to
systems, but they are ultimately limits to the rates at which things can happen,
not to the amount that can happen.
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