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PREFACE

T-^

Many recent analyses of the long-term prospects for man-^

'

kind have produced gloomy conclusions. Promptly, they f\},

were called doomsday prophecies. Yet the rapid succession J^j:

of crises which are currently engulfing the entire globe are

the clearest indication that humanity is at a turning point
j

in its historical evolution. And the way to make doomsday i

prophecies self-fulfilling is to ignore the obvious signs of
\

perils that lie ahead—^which indeed are already felt—and
|

rely solely on "faith." Our scientifically conducted analysis

of the long-term *vorld development based on all available
]

data points out quite clearly that such a passive course leads
\

to disaster. It is most urgent that we do not avert our eyes
\

from the dangers ahead, but face the challenge squarely and i

assess alternative paths of development in a positive and
j

hopeful spirit. Starting early enough on a new path of de-
\

velopment can save mankind from traumatic experiences 1

vU i
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if not from catastrophes. The concept of the "organic

growth" of mankind, as we have proposed in this report, is

intended as a contribution toward achieving that end. Were

mankind to embark on a path of organic growth, the world

would emerge as a system of interdependent and harmonious

parts, each making its own unique contribution, be it in

economics, resources, or culture.

The concept of the organic growth of the world system

is not to be construed as a simphstic one-world "monolithic"

concept of world development; indeed a homogeneous one-

world concept is essentially incompatible with a truly global

approach to better the predicament of mankind. Such

an approach must start from and preserve the world's re-

gional diversity. Paths of development, region-specific rather

than based on narrow national interests, must be designed to

lead to a sustainable balance between the interdependent

world-regions and to global harmony—that is, to mankind's

growth as an "organic entity" from its present barely em-

bryonic state.

The conclusions and recommendations reported in this

book are derived from the analysis of alternative patterns

of long-term world development using a flexible computer-

based planning instrument which contains a multilevel

regionalized model of the world system. The model is fun-

damentally different from any previously developed, for it

recognizes the diversity that exists in the world, which is

deeply rooted in the past, and which will undoubtedly pre-

vail in the future; the model also represents the world as

a system—^that is, as a collection of mutually interacting

and interdependent parts. The model is based on available

data and understanding of the developmental processes in

all relevant scientific disciplines. It also reflects the adaptive
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nature and subjective character intrinsic to any system in-

volving liuman elements.

Several critical problem areas have been investigated, in

particular the world food shortage, energy crises, popula-

tion growth, and disparity in economic development. Two
gaps, steadily widening, appear to be at the heart of man-

kind's present crises: the gap between man and nature, and

the gap between "North" and "South," rich and poor. Both

gaps must be narrowed if world-shattering catastrophes are

to be avoided; but they can be narrowed only if global

*'unity" and Earth's "finiteness" are explicitly recognized.

The scientific foundation for the research, the findings of

which this report attempts to communicate to the general

public, was laid nearly three years ago, when the authors

decided to develop a project concerned with the analysis of

global issues which would realistically take into account

the diversity of the many different world regions and would

deal with issues concretely, rather than in abstract terms.

We hoped thus to furnish political and economic decision-

makers in various parts of the world with a comprehensive

global planning tool, which could help them to act in antici-

pation of the crises at our doorstep and of those that loom

increasingly large in the distance, instead of reacting in the

spirit of short-term pragmatism.

The project, generously supported by the Volkswagen

Foundation, has been repeatedly exposed to the scrutiny of

the scientific community, at two international economics

symposia and, recently, at a week-long conference attended

by more than one hundred scientists of various disciplines

at the International Institute for Applied Systems Analysis

(IIASA) in Laxenburg near Vienna, Austria. For the sci-

ence-oriented reader nearly thirty reports on all aspects of
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the project are available upon request from IIASA. (See

Appendix IV, Bibliography; hundreds of references and

sources not quoted in this general report are also listed in

the IIASA technical reports.)

The language of the general report to The Club of Rome,

presented herewith, is simple rather than technical. It should

be easily understood by the interested layman although

every effort has been made to preserve the precision and

accuracy of our scientific approach.

Our work, which represents the central project of The

Club of Rome's present activities, by no means terminates

with the publication of this report and the scientific and

technical reports referred to above. However, we believe

that our findings and the general insights gained through

intense preoccupation with the model, its data base, and

the pressing issues of our time, not only amply justify

this publication, but even compel us to focus the attention

of the public at large on the urgent problems that lie ahead.

Had we failed to do so, we would have violated one of our

basic premises and conmiitted the same fatal mistake re-

peatedly committed by too many decision-making pro-

cesses: constructive action would be delayed rather than

being undertaken in anticipation of critical future develop-

ments.

We strongly resent the suggestion, frequently made, that

scientists should not publish statements and recommenda-

tions regarding situations in which there are elements of

judgment or uncertainty and for which "scientific tests"

cannot be conducted. This would effectively .^eliminate sci-

entists from any consideration and discussion of mankind's

long-term future, where such a degree of certainty is just

npt attainable. Scientists could t^us be unduly penalized
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and forced to leave the arena of public discussion to those

who have even less information about the world's future

course. This does not imply that we actually question the

intuition, experience, and wisdom of non-scientists. Rather,

we hope that the frank and undisguised exposition of our

views of the worid will encourage fruitful discussion and

cooperation with all those who are daily confronted with

painful decisions in political and economic life.

In this spirit a number of meetings are already planned

with public figures, political leaders from different parts of

the world, and members and guests at The Club of Rome's

1974 plenary session on the "North-South" gap in Berlin,

Germany. A seminar in April 1974 at the Woodrow Wilson

International Center for Scholars, Washington, D.C., was

attended by about seventy public figures. A similar meeting

was held at "Haus Rissen" in Hamburg, Germany. Some

leading technologists will meet at the International Institute

for the Management of Technology (IIMT) in Milan,

Italy, to consider important technological problems that

will arise from the development of the vast regions that

have yet to fully industrialize and that possibly will do so

quite differently than the already industrialized areas have

done.

Finally, we want to comment on certain omissions in this

report. There will be hardly any mention of some crucial

political problems resulting from increased military and

ideological polarizations. This should not be construed as

failure on our part to recognize the seriousness of such

threats to the world community. Indeed, there is obviously

no more effective short-cut to the destruction of iiSankind

than ah atomic war involving the superpowers and their

respective military blocs.;Even barring such aa. event, we



xii Preface

are convinced that the continuous escalation of armament

in an effort to maintain the balance of power is steadily

decreasing the stabihty of other equally delicate world bal-

ances. Political and ideological confrontation are hardly

new problems. The present novelty derives from the vast

scale of the problems which is a result of the enomious

economic power of the nations involved and particularly

of the fantastic advance in destructive technology. We must

therefore find a way to reduce modern armaments in order

to remove the sword of Damocles hanging over the heads

of all of us.

On the other hand, while this is an obvious and unques-

tionable prerequisite for lasting peace, there is a much more

subtle and completely novel threat to man's survival that

looms, every year more menacingly, beside that of an

atomic holocaust: the cluster of worldwide problems—not

only material in nature—growing at an incredible speed

when viewed in historical perspective, and called by The

Club of Rome the "problematique humaine." In fact, we
believe that even without an atomic world war, human
existence as we know it is threatened if no way can be found

to resolve this crisis syndrome. Therefore we have con-

centrated our efforts in this report on a number of vital

worldwide issues whose mastery we consider essential for

man's survival and for an eventual transition into sustain-

able material and spiritual development of humanity. We
believe that unless the issues treated in this book are mas-

tered, there will be no disarmament of spirit and arms, and

.the disparities in the world will eventually drive mankind

over the brink into final destruction.

To all our many collaborators and consultants (see Ap-

pendix I) we should like to extend our deep thanks for their



r
Trejace zui

often decisive contributions to the research that is the back-

bone of this report. For the content of this report the

authors assume sole responsibility, realizing that the views

expressed are not necess^sily shared by all our collaborators

and consultants. J^/^

Mihajlo Mesarovic Eduard Pestel

Cleveland, Ohio Hannover, Germany

August 1974





CHAPTER 1

Prologue: From Undifferentiated

to Organic Growth

The World Has Cancer

and the Cancer Is Man,

A. Gregg*

Suddenly—^virtually overnight when measured on a histori-

cal scale—mankind finds itself confronted by a multitude

of unprecedented crises: the population crisis, the environ-

mental crisis, the world food crisis, the energy crisis, the

raw material crisis, to name just a few. New crises appear

while the old ones linger on with the effects spreading to

every comer of the Earth until they appear in point of fact

as global, worldwide, crises. Attempts at solving any one

of these in isolation has proven to be temporary and at the

expense of others; to ease the shortage of energy or raw

materials by measures which worsen the condition of the

environment means, actually, to solve nothing at all. Real

solutions are apparently interdependent; collectively, the

• A. Gregg,"A Medical Aspect of die Population Problem,** Science

121 (1955). 681.

1



2 Mankind at the Turning Point

whole multitude of crises appears to constitute a single

global crisis-syndrome of world development.

The intensity of the crisis in global world development

and the elusiveness of effective measures to bring about

a solution challenge premises that have long been most

fundamental in guiding the evolution of human society. Al-

though these premises have paved the way for human prog-

ress in the past, they have also, finally, led to the present

conditions. Mankind, therefore, appears to be at a turning

point: to continue on the old road—that is, to follow the

traditional route, unchallenged, into the future—or to start

on a new path. In the search for such a new direction the

old premises must be re-evaluated.

One such premise concerns the phenomenon of growth.

Many of the global crises have been attributed to con-

tinuous and rapid growth. It has been argued, therefore,

that growth must be stopped—or at the very least, delib-

erately retarded. Conversely, it has also been maintained

that solutions of the world crises could be found only

through continued growth. The fact is that both of these

points of view require a great deal of qualification and more

explicit definition before either one can be accepted as

correct on a rational—^rather than an ideological or emo-

tional—^basis. In other words, we need to know what is

meant by "growth," and in what sense that growth is con-

sidered as desirable or undesirable. Growth, after all, is a

process, not an object; it cannot be pointed at physically,

like a chair or table, for the sake of explication; rather, it

must be conceptually defined.

But defining growth (especially in support of positions

"for" or "against" growth) is not necessarily straightforward

—as the confusion characteristic of current debate on
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growth or no-growth indicates. On certain growth issues

there would seem to exist universal agreement. Consider,

for example, the issue of population growth. Few would

quarrel with the position that the global population cannot

and should not be permitted to grow unchecked forever.

That the population must level off some time, i.e., that

population growth should stop, is the view gaining uni-

versal acceptance. On the other hand, none would argue

against the growth in medical services leading to increased

life expectancy and declining mortality rates; but this leads

to increase rather than decline in population. The area of

material consumption provides yet another example of the

complexity of the growth issue and highlights the peril in

taking a stand for or against growth as an abstract concept.

It is a well-established fact that in the world's developed,

industrialized regions materials consumption has reached

proportions of preposterous waste. In those regions there

must now be a relative decline in the use of various mate-

rials. On the other hand, in some other less fully developed

world regions, there must be substantial growth in the use

of some essential commodities, either for food production

or for industrial production. The very existence of the

population in those regions depends on such growth. Hence,

unqualified arguments "for" or "against" growth are naive;

to grow or not to grow is neither a well-defined nor a rele*

vant question until the location, sense, and subject of grow*

ing and the growth process itself are defined.

To appreciate how rich and varied the concept of growth

is one has to recall the growth processes as found in Nature.

(See Brief on Growth.) Two types of growth processes are

of interest here: one is undifferentiated growth, the other

is organic growth, or growth with differentiation. In the
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undijfferentiated type, growth occurs through replication

of cells by cell division: one cell divides into two, two into

four, four into eight, and so on until, very rapidly, there

are millions and billions of cells. For example, if the

doubling time is one hour, the first cell will have become

nearly 17 million cells after twenty-four hours, while after

forty-eight hours there would be more than 280 trillion

(280,000,000,000,000) cells. In undifferentiated growth all

of. the new cells are replicas of the first; growth is in

quantity only. The result is a purely exponential increase

of the cells* numbers. Organic-growth, in contrast, involves

a process of differentiation, which means that various

groups of cells begin to differ in structure and function.

The cells become organ-specific according to the devel-

opmental process of the organism: liver cells become dis-

tinct from brain cells; brain cells are differentiated from

the bone cells, etc. During and after differentiation, the

number of cells can still increase, and the organs grow in

size; but while some organs grow, others might decline.*

The current discussion on the crisis in world develop-

ment centers on growth as though it were necessarily the

undifferentiated type.t There is no reason, however, why
parallels to organic growth should not be drawn upon: in-

deed, our analysis reported in this book, of the options

available to mankind for dealing with the world crisis-syn-

• Th^cquilibrium reached in organic growth is dynamic, not static.

TJiS is so because in a mature living organism, the body is constantly

[^/being renovated. A human body, for example, renovates itself approxi-

mately every s^n years.

t H. Coj^^t al.. Thinking About the Future: A Critique of The Limits

to Growth iChiXXo & Windus, Sussex Uoiversity Press, 1973).
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drome, points out the crucial importance of the organic

growth concept for the future development of mankind.

The analogy between the organic growth of an organism

and that of the world system is, of course, only an analogy.

It refers to the specialization of various parts of an organic

system and to the functional interdependence between its

constituent parts in the sense that none of them is self-

contained but rather each has to fulfill a role assigned

through historical evolution. However, the analogy shows

vividly the immensity of change in magnitude and in kind

which is needed for mankind to start on a new course of

global world development.

In the past the world community was merely a collection

of fundamentally independent parts. Under such conditions

each of the parts could grow—for better or worse—as it

pleased. In the new conditions, exemplified by the global

crises-syndrome, the world community has been transformed

into a world system, i.e., a collection of functionally inter-

dependent parts. Each part—whether a region or a group of

nations—has its own contribution to make to the organic

development of mankind: resources, technology, economic

potential, culture, etc. In such a system the growth of any

one part depends on the growth or non-growth of others.

Hence the undesirable growth of any one part threatens not

only that part but the whole as well. If the world system

could embark on the path of organic growth, however, the

organic interrelationships would act as a check against un-

differentiated growth anywhere in the system.

If the concept of growth were restricted solely to undif-

ferentiated growth, there would be no question but that the

growth process—practically all growth processes—would

have to stop. One does not need any complicated analysis
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to arrive at that conclusion. It is easy to see why. If, for

example, an economy grows at a 5 percent annual rate, it

would, by the end of the next century, reach a level more

than 500 times greater (or 50,000 percent higher) than the

current level. Even if the use of materials were to decline

sharply in relation to the rise in economic output, the

problems of acquiring, processing, and disposing of the

materials would be staggering. Even the leaders of growth-

oriented enterprises realize this. As the former board chair-

man of a major U.S. bank has written recently: "It has

become popular to speak of the energy crisis as only the tip

of the iceberg, and indeed it is. But those who use that

figure of speech are usually referring to the shortage of

other things (plastics, for example) because plants have not

been built to meet the booming worldwide demand. That is

not the real problem: the real problem is that all those

shortages combined are truly the tip of a much larger, much
more profound iceberg. Under the surface of the waters we
are sailing is the cold hard fact that we are using up irre-

placeable resources at a rate that simply cannot be sustained.

Building more plants to use them up faster is not the answer.

So the energy crisis provides us with a dress rehearsal—the

trial run of a drama that.we must someday see enacted on

a much larger stage." * Growth for growth's sake in the

sense of ever increasing numbers and larger size simply

cannot continue forever.

On the basis of that irrefutable diagnosis, a prescription

of no-growth administered immediately and worldwide might

seem to be indicated. And, indeed, such a prescription might

serve admirably—// the world were a uniform entity, which

• Los Angeles Times, December 1973.
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iit is not; and // the world could be counted on to evolve into

a uniform, one-world entity, which cannot and ought not

to happen; and // growth and development could be mea-

sured along a single dimension for the entire world, which

cannot be done. In fact growth occurs at varying rates along

different paths in different parts of the world. While undif-

ferentiated growth is assuming truly cancerous qualities

in some parts of the world, the very existence of man is

threatened daily in some other part by lack of growth; e.g.,

in regional food production.

It is this pattern of unbalanced and undifferentiated

growth which is at the heart of the most urgent problems

facing humanity—and a path which leads to a solution is

that of organic growth.

In Nature organic growth proceeds according to a "master

plan," a "blueprint." According to this master plan diversifi-

cation among cells is determined by the requirements of the

various organs; the size and shape of the organs and, there-

fore, their growth processes are determined by their func-

tion, which in turn depends on the needs of the whole

organism.

Such a "master plan" is missing from the processes of

growth and development of the world system. The master

plan that regulates the growth of an organism has evolved

through the process of natural selection; it is encoded in the

genes and is given from the start to the growing organism,

so that development of the organism is specified by it; the

plan and the organism are inseparable. But the organic

growth of mankind is not inherent in the present trend of

world development. There is nothing to suggest that the

transition from undifferentiated to organic growth will re-

sult from the present direction of development. Nor can it
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rief on Growth

Figure A Exponential Growth
Exponential growth takes place in many
commonplace situations, e.g., when sav-

Ings grow with a constant rate of com-
pound Interest, or when population grows
with birth rate larger than the death rate,

the concept of "doubling time" It

Important. This Is the period of time In

which the population doubles. For exam-
ple, at e7 percent annual growth rate the

doubling time Is about 10 years. In gen-
eral, If the constant annual growth rate

/s equal to g, then the doubling time in

years is, with rathe^ood approxjmatiort,

equal to 70/g. V./

Figure B Growth of an Oak Tree
contrast to mammals, such as man,

''plants grow throughout their lifetimes.

However, towards the end of their lives

their growth rate decreases. An oak tree,

even after a lifetime of 150 years, grows
about 3 Inches per year. In the beginning,

es with a human embryo, plant growth
appears to t>e exponential. But after hav-
ing achieved a certain critical living mass,
this phase Is over, and organio-"tapered"'
growth sets In,

Figure C Logistic Growth
Inrp^y Instances, growth is very rapid at

pf^t, but It tapers off as time progresses.

\ yjhis Is the case, for example, for growth
^^ of almost all animals. In the embryonic

stages, growth Is rapid, and there Is little

structure to the embryo. But In the original

cell there Is a master plan which controls

the organism's growth. As the structure

increases In Its complexity, the pattern of

growth becomes different, slower — and
In mammals even ceases — as the orgarh

Ism reaches Its lull adult complexity.

gure D Growth of Human
Mammals, Including man, grow in their

childhood and youth, after which they stop

growing. In no phase of normal develop"
ment does exponential, undititfentiateiJt

growth take plac9m
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A

i)e assumed that such a plan will be injected by a deus ex

machina. The master plan has yet to evolve through the

exercise of options by the people who constitute the world

system. To this extent the options facing humanity contain

the genesis of an organic growth. And it is in this sense that

mankind is at a turning point in its history: to continue

along the path of cancerous undifferentiated growth or to

start on the path of organic growth.

The transition from the present undifferentiated and un-

balanced world growth to organic growth will lead to the

creation of a new mankind. Such a transition would repre-

sent a dawn, not a doom, a beginning, not the end. Will

mankind have the wisdom and will power to evolve a sound

strategy to achieve that transition? In view of historical

precedents, one might, legitimately, have serious doubts

—

unless the transition evolves out of necessity. And this is

where the current and future crises—in energy, food, mate-

rials, and the rest—can become error-detectors, catalysts

for change, and as such blessings in disguise. The solutions

of these crises will determine on which of th^ two paths

mankind has chosen to travel.,.^



CHAPTER 2

Nature of Global Crises

Crises are not new to human society. In fact, mankind has

never been crisis-free for any substantial period of time.

And history shows that sooner or later man has always been

able to overcome the crises of his day. In retrospect it seems

that all crises in modem times were solved soon enough to

prevent a reversal of the triumphant march of progress.

Is there any reason to believe that the crises of our era

will not be resolved as successfully as the crises of the past

were resolved? Is there any reason why we should not go

about our business as usual, confident that the precedents

of the past will apply to the future, and that all our crises

will be taken care of in due time?

The answer to these questions is yes, there is ample

reason to believe that the problems of our time will not be

solved in the routine course of events. For one thing, the

numerous crises of the present exist simultaneously and

10
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With a Strongly woven interrelationship between them. We
do not have the luxury of dealing with one crisis at a time.

Furthermore, the scale and global character of the present

crises differ from the nature and scale of most past crises.

The most important factor, however, that separates the

current series of crises from the crises of the past is the

character of their causes. In the past, major crises had

negative origins: they were caused by the evil intentions of

aggressive rulers or governments, or by natural disasters re-

garded as evil according to human values—^plagues, floods,

earthquakes, and so on. In contrast, many of the crises of

the present have positive origins: they are consequences

of actions that were, at their genesis, stimulated by man's

best intentions. To reduce human labor by exploiting the

non-human energy sources in Nature, for example, was

a goal no one quarreled with but it led to the present energy

crises. Strenthening of the group—^be it the family, commu-

nity, or nation—^by having a large number of children was

commendable; but it led to the population crises. To reduce

human suffering and prolong human life by conquering

disease was certainly a noble aim; but it led to a substantial

increase in the population. Large construction projects,

'such as building roads, dams and canals, agriculture and

forestry practices, hunting and breeding of animals, mining

and industrial engineering, etc.—in other words the im-

position of man*s design on the natural environment for

man's own good—was man's way of "taming" Nature; but

it led to the environmental crises. Today it seems that the

basic values, which are ingrained in human societies of all

ideologies and religious persuasions, are ultimately respon-

sible for many of our troubles. But if future crises are to

be avoided, how then should these values be readjusted?
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Should traditional "good** become "revisionist "bad"? Is it

necessary to abandon the values which have, so far, served

man so well, as evidenced by his continuous progress?

In the last three centuries, human progress can be mea-

sured in terms of man's triumphs over Nature. Our successes

have been so great that man's supremacy over Nature has

been taken for granted: Nature has not yet been defeated,

but it certainly has appeared to be in irreversible retreat.

Where Nature has still held out, man has considered his

ultimate control simply a question of time. The "war on

cancer," for example, was not really launched as a war—
for a war is a struggle that may be lost—but as an expe-

dition to liquidate the remnants of an enemy who may hold

out for a while, but whose ultimate defeat was assumed ta.

be inevitable. In the new crises, however, there is evidence

that the adversary is Nature once again, an adversary who

is not at all beaten, and who is in some ways more elusive

and more formidable than we ever imagined.

Consider, for example, our attitude toward natural

resources. In an unrestrained pursuit of economic and ma-

terial growth, we have put faith in the presumably inex-

haustible supply of natural resources: food, energy, raw

materials, etc. But now we have discovered that these essen-

tial resources are by no means infinitely available. Even if

we accept as plausible that substitutions will be found -as

the supply of presently essential resources dwindles, .we

can by no means be certain that the substitutions will be

found exactly when they are needed and in the precise

quantity that is needed. Given this uncertainty, we cannot.

be sure that progress will continue uninterrupted. And conf

sidering the complexity of the systems that govern the course;

of human society, any interruption is bound to have serious;

and perhaps disastrous, consequences.
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Man's dependency on Nature goes very deep indeed; his

use and misuse of resources is only part of the picture. As

man has become the dominant force in the shaping of life-

systems on the Earth, his ascent has been accompanied by

a reduction of the biological diversity in Nature. Species

not perceived to be in the service of man have been system-

atically reduced in number or eliminated. Should this trend

continue. Earth will soon be inhabited by a diminished

number of species. Today we understand much better than

our ancestors that the existence of all life on Earth—our
own included—depends on the stability of the ecological

system. An Earth with less diverse inhabitants might not

continue to possess the stability essential for adaptation and

survival. And if our ecosystem breaks down—even if only

temporarily—the effect on mankind will be calamitous.

The ultimate irony confronting technological man may
well reside in the fact that Nature's most potent threats to

human welfare are not her destructive power—earthquakes,

tornadoes and hurricanes—^but the fragility of the web
of life, the delicacy of those skeins which bind species

to species and which comprise the dynamic bonds which re-

late the animate and inanimate realms so inextricably in the

processes of life.

BRIEF ON MAN'S INTERFERENCE
IN NATURE

BeingJif6ut a part of nature" man has always affected and
tiasy^ways been affected by tiis environment. However,
d^teto the disproportionate increase in numbers and due to

\^^creased sophistication of man's Intervention in natural

processes, the interference of man is taking on a com-
pletely new dimension with unpredictable and potentially
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catastrophic consequences: this is beginning to cause con-
cern from an unsuspected source: the scientists who origi-

nated and developed such techniques of intervention. A
good example is the most recent appeal by a group of

microbiologists to the world scientific community at large

to refrain from conducting the experiments that involve in-

serting into bacteria the genes which are resistant to anti'

biotics or the genes of viruses. The potential danger to

which the appeal specifically addresses itself is due to the
fact that the bacteria often used in scientific experiments
of this kind is a common inhabitant in the human intestine.

A prospect of such a resistant bacteria escaping and infect-

ing the papulation must be taken into account; it implies

the pospfbility of loosing new plagues upon the world. The
event/was properly hailed by the scientists themselves as
a historical landmark of restraint to conduct experiments

irely for the sake of scientific curiosity. It represents a
'^reversal of the cherished tradition that nothing should inter-

fere with the sciences' search for truth. However, even If

the experiments in which new, resistant bacteria are created
are foolproof, there exists a real danger in: (1) the potential

of using such a new technique for biological warfare; (2)

the possibility of such experiments being conducted outside

of a properly controlled laboratory. Although the use of this

less-than-a-year-old technique is still in the hands of ex-

perts, it will be a "high school project within a few years."
*

The solemn high-level warnings against conducting such ex-

periments whose consequences cannot be predicted could
hardly be considered as a sufficient deterrent then. But
there are many others, even if considered less spectacular,

examples of unknown and potentially harmful consequences
of man's intervention in nature.

When man imposes his own design on Nature, he inter-

feres with the process of natural selection. The conse-

quences of such interventions cannot be predicted. In his

pursuit of short-term gains, man is introducing into the

ecosystem a large number of inadequately tested new chem-

icals, which may have serious and widespread biological

implications. Countless living organisms could be affected,

including man himself. In the interest of his own comfort in

* Paul Berg et al., "Potential Biohazard/of Recombinant ONA Molecules."

Science. Vol. 5. No. 4148. July 1974. /
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the present, and in the name of progress, man may thi^s-]

degrade the quality of his own species in the futurey^ N^

\The ever-widening gap between man and Nature—^his

physical isolation and his mental estrangement from Nature

—is the logical consequence of the traditional concept of

progress; for progress in world development has led in-^,A
creasingly to a process of undifferentiated growth, based

on man's erroneous assumption that Nature's supporting
j

system was inexhaustible in every respect. The modem i

crises are, in fact, man-made, and differ from many of
\

their predecessors in that they can be dealt with. The
\

choices are complicated, but they exist. Obviously, we
|

cannot clean up the air by turning off all the machinery
i

(since that would instantly create other sorts of crises),
|

but the fact is that modern man at least has that option,
\

and that know-how. Medieval people had no choice but to

allow the plague to run its course; they could not "turn '\

off" disease-carrying rats.
]

\ 11 we are to deal effectively with the crises of the present, ;

we must understand their origin and nature, their linkages
\

and interactions. It is our intention in this book to analyze ;

the crises in the world development in concrete rather than j

abstract terms; otherwise our analyses will be just another ^

academic exercise, of which there is no shortage. Specifi-
]

cally, we shall ask the following questions:
\

1. Are the crises—energy, food, raw materials, etc.—
j

persistent, or are they aberrations due, possibly, to oversight

or neglect?
\

\ 2. Can the crises be solved within local, national, or re- '\

gional boundaries, or must truly lasting solutions be effected \

within a global framework?
\

3. Can the crises be solved by traditional measures which
i
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have always been confined to an isolated aspect of social

development, such as technology, economics, politics, etc.

—or must the strategy for solution be more comprehensive,

involving all aspects of social life simultaneously?

4. How urgent is the resolution of the crises? Will delay

buy time and make the implementation of solutions less

painful? Or are solutions made more elusive by delay?

5. Is there a way to solve the total crises by cooperation

without undue sacrifice on the part of any of the constitu-

ents of the world system; or is there the danger that some

could gain permanently by seeking confrontation with their

partners in the global context?

Whenever one deals with the sort of problems and ques-

tions outlined above, a decision concerning the time-horizon

of the study has to be made. Most of the so-called "long

looks" into the future do not extend beyond the year 2000.

If things seem manageable by then, everything is proclaimed

satisfactory. Granted, the degree of uncertainty grows with

each extension of time. But, as will be demonstrated time

and again in this report, the dynamics of the world system

require twenty years or more for the effects of change to

be accurately measured and fully revealed. Moreover, the

delays involved in the implementation of decisions can be

formidable. To construct a power plant takes five to ten

years from the decision to build a plant to its actual opera-

tion. And this length of time is merely the product of tech-

nological and administrative requirements; when basic

human attitudes must change and social adjustments must

be made, implementation takes much longer. Given these

delays, a twenty-five-year period cannot accurately reveal

the dynamics of the system: basic and important trends

simply cannot be assessed within such a "short" time period.



liature of Global Crises 17

What appears to be a minor deviation in a twenty-year

assessment can become a major upset after forty years

—

that is, after the evolution has been subjected fully to the

momentum of change. An example of the dynamics at work

will be found in Chapter 9, in the analysis of the supply and

demand for food. By the year 2000 the demand for food

in South Asia will be about 30 percent greater than the

supply—an alarming but conceivably a manageable gap.

With advanced planning, the gap could be reduced to as

low as 10 percent. However, if the same projections are

extended another twenty-five years, the deficit rises to over

100 percent—clearly a catastrophic disparity.

The analyses in this book extend over a period of fifty

years. If, during this coming half-century, a viable world

system emerges, an organic growth pattern will have been

established for mankind to follow thereafter. If a viable

system does not develop, projeqpions for the decades there'

after may be academic.



CHAPTER 3

Emerging World System

Change in the course of world development from undif-

ferentiated to organic growth would have been a matter of

choice and good will rather than necessity if the world had

not evolved into a state in which nations and regions from

all over the globe not merely influence but strongly depend

on each other. Contributing to this transition, in addition to

the traditional political, ideological, and economic ties, are

new global world problems specific for our era such as

worldwide dependence on a common stock of raw materials,

problems in providing energy and food supply, sharing of

the common physical environment on land, sea, and air,

etc. The world community appears as a "system" by which

we mean collection of interdependent parts rather than

merely a group of largely independent entities as was the

case in the past. And as a consequence a disturbance of the

normal state of affairs in any part of the world quickly

18
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spreads all over the world, as many recent events unmis-

takably show. Let us briefly trace the developments in such

an event.

The winter 1971-72, with its prolonged low temperatures

and strong icy winds all over Eastern Europe, effectively

destroyed one third of the Russian winter wheat crop. Sur-

prismgly, the government bureaucracy ignored the situation,

and the spring wheat acreage allocation remained un-

changed. Since the direct per-capita consumption of wheat

in that region is rather high (three times higher than in

i yiotth America), it was urgent that the deficit be eliminated.

In July 1972 the U.S. government extended a $750 million

credit to the Soviet Union for the purchase of grain over a.

three-year period. Actually, the value of the purchase in-

creased significantly before the delivery got underway since

food prices soared all over the world. The price of wheat

doubled m North America—^hitherto a bastion of cheap

food supply. Public resentment arose because people felt

that in effect they were being made to pay for a transaction

that did not involve the ordinary citizen. More important,

and much more unfortunately, that same year's late mon-

soon heavily damaged the crops on the Indian subcontinent,

resulting in a disastrous loss in food supply, which came in

the aftermath of a tragic war. Nowhere was wheat to be

iound, for most of the world's surplus had been sold. Then a

drought hit China and Africa and while China was acquir-

ing whatever foodstuffs were left on the market, hundreds of

thousands of Africans faced starvation. In a similar situation

several years earlier, millions of tons of wheat had been

rushed from North America to avert disaster; but this time

only two hundred thousand tons could be made available.

. . The most outstanding lesson which can be drawn from
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these events is a realization of how strong the bonds among
nations have become. A bureaucratic decision in one region,

perhaps the action of just one individual—not to increase

the spring wheat acreage—resulted in a housewives' strike

against soaring food prices in another part of the world

and in tragic suffering in yet another part of the world. If

the world is already interdependent to that extent, and inter-

dependence is certain to increase, should regional or na-

tional decisions still be made in isolation, in total ignorance

of their effects on other parts of the world system?

The world cannot be viewed any more as a collection of

some 150-odd nations and an assortment of political and

economic blocs. Rather, the world must be viewed as con-

sisting of nations and regions which form a world system

through an assortment of interdependences.

However, such interdependence is not the only new fea-

ture of the emerging world system. A subtle and very funda-

mental transformation is taking place. In earlier eras of

lesser complexity different cultural or economic aspects,

including their effects on technical development and natural

environment, could have been considered separately. Today,

many of these phenomena have become interdependent

which greatly complicates any search for the solution of vari-

ous critical problems. Traditionally, in order to understand

what appeared to him to be diverse aspects of reality, man
has developed different scientific disciplines: physics, chem-

istry, biology, technology, economics, the social and political

sciences, philosophy, ethics, theology, etc. And in solving

different problems man has relied on experience and ex-

pertise in relevant disciplines. But today's problems require

knowledge from a number of, if not all, disciplines. For ex-

ample, the solution of the world food supply crisis is a ques-
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tion not just of agronomy and economics, but of ecology,

the physical and social sciences, and many others. How to

increase the fertility of the soil, and the acreage of arable

land, the question of landownerships, the organization of

agriculture, etc., all are now critical and interdependent

issues. Furthermore the solution depends on the population

growth, since the problem is not in producing foodstuffs as

such, but in producing food in the arnount required by the

existing population. Eventually, the availability of food in

one part of the world and the desperate need for food in

another will create a new international political situation;

the very daily existence of the people in the needy parts of

the world will depend on the decisions in other parts and

over a long period of time, perhaps indefinitely. Then, the

basic individual human values and attitudes of the members

of the world community will become a determining factor

in deciding whether specific tradeoffs and necessary sacri-

fices will be made. Apparently, the emerging world system

requires a "holistic" view to be taken of the future world

development: everything seems to depend on everything else.

Such a holistic approach is also referred to as the "systems

approach," meaning that one looks at the totality of all

aspects of a problem rather than focusing attention on an

isolated phenomenon, as is the case in the analytic approach

traditionally used in scientific inquiry. "You cannot do

merely one thing," as G. Hardin has put it A good example

is pollution brought about by anti-pollution devices. The

sequence of events started with the explosive growth of

industry on the eastern coast of the United States and

in Western Europe. Jungles of smokestacks created air-

pollution and particle-removing air-cleaning devices were

installed to combat that pollution. As a result, smoke
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pollution was cut down considerably. However, the gases

up the smokestacks did not carry solid particles and the

various nitrogen oxides and sulfur dioxide could freely com-

bine with water in the atmosphere forming sulfuric and

nitric acid. Had the escaping gas contained solid particles

the acids would not be formed. So now the rain from the

supposedly cleaned atmosphere carried the acids on build-

ings and crops; a case was reported in which the rain was

alleged to have been as acid as pure lemon juice: 1000

times the normal level.

Events surrounding other contemporary crises give

equally strong indications of the emergence of a global and

increasingly complex world system. The energy crisis quite

readily provides another such illustration. When the oil

crisis broke out in October 1973 efforts were directed

toward resumption of supply flow to meet whatever demands

would develop. But that turned out not to be the real prob-

lem. The real problem is only appearing now when a con-

tinuous increase in consumption coupled with an increased

price for oil is bringing a major transfer of wealth and

economic power. Iran has already acquired what amounts to

a "minority" control of Krupp industries—a major steel-

producing and engineering company in Germany. The an-

nual excess of revenues to the oil exporting countries will

amount to 60 billion dollars, which is about two thirds of

all overseas investment which United States firms have ac-

quired up to this date. Using such a one-year surplus they

could acquire control of an amazing number of companies

in the Western developed world including such U.S. giants

as American Telephone and Telegraph, Dow Chemical,

General Motors, IBM, ITT, U.S. Steel, and Xerox. And
what can be acquired in ten years? The oil exporting coun-



Brief on Emergence of World Resources Systemt

The developed nations and regions are becoming increasingly

dependent on the non-renewable resources from the rest of

the world. This can perhaps be best illustrated for the United

States which traditionally has been a nation with the most ad-

vanced industry and abundance of resources. Until the late

1940's the United States was a net exporter of materials. Start-

ing in the early 1950's the situation changed considerably.

1970/(he deficit due to import of materials reached $4 billion

ariffis projected to climb up to $60 billion annually around

Jne year 2000 (Figure A) assuming no dramatic change in rela-

tive prices for materials. Meanwhile the material consumption
in the United States as a portion of the total world consumption
has declined from 42 percent in 1950 to 27 percent in 1970
(Figure A); so the situation in other developed regions as
Western Europe and Japan is getting relatively even worse.

irt- /w



Figure B shows what percentage of requiremeryts for some
basic r)on-1errous metals (namely, aluminum, beryllium, copper,

lead, magnesium, mercury, platinum, tin, titanium, zinc) and
ferrous metals excluding iron, (namely, chromium, cobalt, co-

lumbium, manganese, nickel, tungsten, vanadium) has been
covered by imports from 1950 to 1970 and the projected in-

crease in import needs through the year 2000. Figures C-F
show the past and projected supply and demand relationship

tor some basic materials. Clearly, without major effort at an
unknown cost, which also might be accompanied by the Intro-

duction of new economic and production controls and a rela-

tive decline in the standard of living, no region can be fully

independent.
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tries will accumulate $500 billion in less than ten years;

an amount which can buy twice the total output of the

Japanese economy in the ' mid-sixties and is of the same
order of magnitude as the total world monetary reserves. •

The developed world could consider interfering in the

apparent transfer of economic power if it were not in

dire need of both oil and capital; increasing size and com-
plexity of industrial plants, specifically in energy-related

sectors, make investment programs more difficult for private

companies. Only in May 1974 two major U.S. utilities

have announced cancellation of previously planned projects

for the construction of nuclear power plants. The estimated

cost of such a plant has reached $1.5 billion. With the high,

interest rates imposed to control inflation and an uncertain

economy a long-range investment program going into

billions of dollars is simply outside the reach of many
companies. The alternative to private investment could be

government investment programs, which would require in-

creased taxation and would lead to control or nationaliza-

tion of the energy industry. Another alternative, however,

is foreign investment. In such conditions of interdependence

neither of the two sides, oil-exporting or oil-importing coun-

tries, can plan long-term development without taking into

account the development in other regions and indeed the

entire globe.

Global interdependence also appears in other areas of

material resources. A confrontation between the raw ma-
terial producers and consumers on a broader front seems

to be in the making amid clear signs of ever closer inter-

dependence between the two sides. The United States, which

up to the 1940s was a net exporter of materials, will depend

by the year 2000 on imports of around 80 percent for all
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ferrous metals, excluding iron, and 70 percent for all non-

ferrous metals. In late 1973 Morocco increased the price of

phosphate exports threefold, while in spring 1974 Jamaica

increased the taxes on bauxite exports severalfold. The

objective was not to inflict economic damage on the bauxite-

importing nations but rather to redress the damage done to

the balance of payments due to increased oil and food prices.

The reality of the emergence of the world system and its

integrative effect on all facets of world development can

be also seen by extending the view to the less developed

world. The oil import bill of the developing countries will

reach $17 billion in 1974, a level more than five times that

of 1970. Such an outflow of foreign currency will reduce

their total imports by a sizable fraction, cutting into the

import of capital goods to build up their industry, and

thus hitting where it hurts most: slowing progress to-

ward the goal of reaching the economic takeoff point.

Unlike the developed world, the developing countries use

imported oil not for the luxuries of individual transportation

and home heating, but primarily for agriculture—^in mech-

anization and fertilizer production—and for industry.

Whereas the shortage of oil is primarily an inconvenience

for the affluent, for underdeveloped countries it means a

direct and immediate cut in industrial output and food sup-

ply. The shortage in oil has already reduced fertilizer pro-

duction in South Asia in 1973 by hundreds of thousands

of tons while over the next three years the tight oil supply

situation would certainly lead to an even more dramatic

deficit in that region. Regional food production would

thereby be curtailed at the time when the demand will have

increased considerably. Ten gallons of gasoline, which an

average Western citizen uses in one month of pleasure
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driving—is sufficient to produce the food necessary for the

survival of one adult. In a situation of worldwide limited

supply an increase in oil use decreases food availability. To
be sure, the tradeoffs are global, not local. But can one

really ignore that when taking a pleasure ride? Energy and

food crises, population growth, and economic developments

are all becoming tightly intertwined.

In addition to such a tremendously increased complexity

of the emerging world system there is yet another charac-

teristic of that system which makes the search for solutions

of various global problems increasingly difficult; namely,

the necessity of considering much longer time-horizons,

looking twenty, thirty, or even fifty years ahead, rather than

one, two, and five years as has been customary in the past.

This creates a need to act very much in advance of the full

development of a crisis, if its potential impact is to be

counteracted successfully.

Historically, crisis situations could be looked upon dif-

ferently. In the first place, the world system was so weakly

coupled that local, national, or regional solutions were

feasible. Second, once a problem was recognized, there was

sufficient time to find a solution, because the rate of change-

was slow. Even if a full implementation of a solution were

to require ten, twenty, or thirty years, the problem was still

essentially the same in quality and magnitude as at the time

when the solution had been designed. For example, the

population in Europe began to grow faster in the early

nineteenth century and the specter of eventual starvation

was written on the wall by Malthus; but the agricultural

yield could be raised by the introduction of fertilizer suf-

ficiently fast so that the problem was solved even before

there was a real food crisis. Today, however, the clocks run
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faster. Knowledge acquired in school of university and ex-

perience gained in practice become quickly obsolete. In

an exponentially growing situation change develops in much

less time thai! the equivalent changes did in. the past. For

example, if the annual economic growth is 3.3 percent, the

next sixteen years will produce the same change as the past

forty years. This might help to explain why political and

economic decision-makers have consistently underesti%

mated * future change, for they too have often marched into

the future with their eyes on the past. We are indeed living

in a very dynamic world in which we have to look decades

ahead when making decisions concerning many vital issues.

Such a need cannot but require at least some adjustments

within a political system based on a four-year election cycle.

All contemporary experience thus points to the reality of

an emerging world system in the widest sense which de*

mands that all actions on major issues anywhere in the

world he taken in a global context and with full consider^

ation of multidisciplinary aspects. Moreover, due to the

extended dynamics of the world system and the magnitude

of current and future change, such actions have to he antiC'

ipatory so that adequate remedies can become operational

before the crises evolve to their full scope and force.

• With an annual 3.3 percent increase the change in the next forty

years will be five times greater than the change in the past forty years

under the same annual growth conditions. /,



CHAPTER 4

Multilevel Model of World System

\ Analysis of the future evolution of the world system

—

any

system as a matter of fact—has, in principle, two aspects:

objective and subjective. The objective aspects are those

based on the relationships describing a system's function-

ing which are established through experience and scientific

analysis as well as the data measured or observed in the

past. For example, for an economic system we know that

an increase in investment will increase capital stock and,

assuming normal economic conditions, will result in an in-

creased economic output; similarly, for a population system

it is known that an increase in fertility rates, assuming there

is no increase in mortality rates, will result in due time in

a faster increase in population level. The subjective aspects

are those which refer to the uncertainty that is always present

when looking into the future and when dealing with people

32
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since their choices on an individual or social level cannot

be fully predicted.

The objective aspects of world development are repre*

sented in terms of a model, in this particular case a com-

puter model. By a model we simply mean a coherent and

systematic set of descriptions of the relevant relationships.

The model represents an image of the relevant aspects of

reality as we perceive it. Such a model does not have to be

given in terms of numbers; it might only indicate what is

related to what and possibly in which sequence. Everybody

uses models of this kind repeatedly in a variety of situa-

tions whenever a decision or choice is to be made. For

example, a person is scheduled to fly from Cleveland to

Hannover. In the morning he looks out of the window

and sees fog completely enveloping the city. His men-

tal image, based on his own experience and what he has

heard from others regarding the relationship between

fogs, airline schedules, etc., tells him that in such a fog

there would be no flights going out. He might decide to

go back to bed. On the other hand, if the trip is important

he would call the airport to check whether the flight was, in-

deed, canceled or postponed. This latter decision is also

made on the basis of a model which relates the weather con-

ditions at the moment and how they might be at the time of

the flight; it also assumes a more precise model developed by
technical experts who use actual measurements of various

weather parameters and quantitative relationships between

them. The difference between the two models lies in the

respective degree of precision of each, but they both serve

the same purpose, namely, to help decide what future course

of events would be most desirable.

We also use a model of the world system in order to
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analyze the future evolution of that system. Such a model

must, of course, be precise and, because of the enormous

complexity and large number * of relationships involved, a

computer must be used to determine and calculate all the

changes which take place as the system evolves. Hence, we

have constructed a computer model which means a set of

relationships represented within the computer.

The subjective aspects of world development are dealt

with in the way the world system computer model is used

to analyze possible future patterns in the evolution of the

system. Uncertainty in the analysis of the future is due to the

impossibility of predicting exactly all conditions under which

the system will evolve and all choices which will be made

within the system that will influence its evolution. For ex-

ample, in the illustration considered above, an increase in fer-

tility rates results in a faster increase in population level oy-

suming there is no increase in mortality rates, as could hap-

pen if an epidemic or mass starvation were to occur. Simi-

larly, an increase in capital stock results in an increase in

economic output assuming there is a normal supply of labor

and normal demand for goods. To assess the future evolution

of the system various assumptions must be made regarding

possible future events and the computer model then indi-

cates the consequences of such occurrences, i.e., the future

evolution of the system under these conditions. A sequence

of possible events and sociopolitical choices is termed a

scenario and the method is termed scenario analysis. Future

evolution of the system is analyzed in reference to a set of

scenarios. In principle, in such an analysis, we are not trying

to predict the future—an effort of rather doubtful value

• In our mod(rf about 100,000 relationships are stored in the com-

puter, as coni^red to a few hundred in other well-known world models.
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when one is concerned with very long time horizons—^but

to assess alternative future developments. The likelihood of

any future evolution depends on the likelihood of events,

which constitute a given scenario taking place in reality. The

scenario analysis methodology is apparently more realistic

than forecasting or predicting types of methodologies. How-

ever, it might appear as "too flexible," i.e., as not leading to

define enough conclusions. This is not the case! For instance,

if the system's behavior has certain characteristics over an

entire set of scenarios, i.e., these characteristics appear

for every alternative sequence of events, the likelihood

of the system having such attributes in the future is con-

siderable. Indeed, if the set of alternative scenarios is

broad enough, and if the system has certain attributes per-

sistently in all scenarios, it can be considered as inevitable

that these attributes will be observed in the future. For

example,, assuming that there is no change in fertility and

mortality rates, the population in South Asia will increase

by one billion people by the end of this century. Assuming,

however, a more effective population control program

which would bring the fertility rates down to equilibrium

level in thirty-five years, the population level would be in-

creased only by some 800 million by the end of the cen-

tury. Proceeding in the same direction, we conclude by

analysis of the model that even the most stringent popu-

lation control program will still result in an increase of

more than a half billion people in that region. It can there-

fore be considered as certain that in the year 2000 the

South Asian population will have increased by more than a

half billion people. Furthermore, analysis of a whole set of

scenarios from most optimistic to most pessimistic, shows

that the increase in regional agricultural production, barring
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massive foreign aid for agricultural development, would not

be commensurate with the population increase. A deficit in

food supply in that region can therefore be considered as a

certainty.

It is not possible in a general report of this kind to fully

describe the model or the methodology of scenario analysis

as used in the study.* However, it is helpful to grasp at

least the basic structure of the model and the framework

in which scenario analysis has been conducted in order to

appreciate the results of the analysis as reported in the rest

of this book. After all, a key feature which distinguishes

our study from many other treatises concerned with the

prospects and alternatives for humanity is that our study

is not based on ideological considerations, i.e., verbal in-

ferences, but on scientific methodology and actual data.

Our approach possesses the following major structural char-

acteristics:

1. The world system is represented in terms of interde-

pendent subsystems, termed regions. This is essential to

account for the variety of political, economic, and cultural

patterns prevailing within the world system.

2. The regional development systems are represented in

terms of a complete set of descriptions of all essential

processes which determine their evolutionary, i.e., physical,

ecological, technological, economic, social, etc. These de-

scriptions are related through a multilevel hierarchical

arrangement reflecting the relevant scientific disciplines.

3. Account is taken of the apparent capability possessed

by the world development system to adapt and change

* Such a description can be found in the reports listed in Appendix IV

and are available from the International Institute for Applied Systems

Analysis (IIASA), Laxenburg, Austna, on request



imits and World View
Based On Diversity

/////////////
In the "one-world" or homogeneous view of the world develop-
ment in which differences between various parts in the world
are suppressed and one talks only about global indicators and
variables, the entire system reaches its limits at one time and
either collapses or not. In the world view based on diversity

there is no such concept as one limit for the entire system;
rather, different parts of the system face different limits at dif-

ferent times with the traumatic experiences for the entire
system depending on the interrelationship of the constituent
parts. In a most simplified analogy, the homogeneous world
concept resembles a swinging pendulum, which, in order to

avoid collision with a limit, has to reduce speed and accelera-
tion immediately. In a similar analogy the diversified view of
the world could be represented with a set of balls connected
by a spring system; any of the balls might encounter its own
limits, but others might still be a distance away from their
own constraints. The effect of such a collision will propagate
through the system in relation to the strength of interaction
developed up to that point, that is, depending on the spring
system. At any rate the collapse, if it occurs, would be regional
rather than global, even though the entire global system would
be affected.
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through processes by which calamities which appear to be

on the path of future evolution can be averted or mini-

mized.*

The regional view is not antithetical to the concern for

comprehensive global development; on the contrary, it is

necessary for dealing with the important issues with which

the world is and/or will be confronted. Viewing the world

system as homogeneous, i.e., describing it in retererice

to population growth in the entire world, the income per

capita as averaged over the entire world, etc., as has been

done in earlier world modeling efforts t led to an inac-

curate representation of the "mechanism" how the system

operates and can be misleading, i.e., lead to the formu-

lation of problems not based on reality and therefore to

the prescriptions for solving these problems, which are

erroneous (see Brief on Limits). It is essential to acknowl-

edge the fact that the world community consists of parts

whose pasts, presents, and futures are different. Hence,

the world cannot be viewed as a uniform whole, but must

v^The difference between viewing a system as a mechanical device or

as a living system (or containing living system parts) can be best seen in

the implications of taking such different views. As an illustration, let us

consider the movement of a car on a highway, some distance from and

approaching a barrier. If the car is viewed from "outside" simply as a

moving physical object, the recommendation for action would be an.

immediate reduction in speed. On the other hand, if the "internal con-

struction" of the system is appreciated, that is, if it is acknowledged that i

the car has a driver, the action recommendation will be to alert the driver.
j

In the first case the action is taken to change the system's overall func-

tioning. In the second case the action is taken to change the system

internal strategy. If the system has living parts, as the world system most i >

certainly does, any reconmiendation for change must take that fact into W^

;

account. r—^)
t For example, see Meadows et al.. The Limits to Growth (Potomac

i

Associates: Washington, D.C., 1972).

y
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instead be seen as consisting of distinct, though inter-

connected, regions. In our study the world system is divided

into ten regions as shown in flfe. 4-1: (1) North America;

/(2) Western Europe; (3) Japan^4) Australia, South Africa,

and the rest of the market economy developed world; (5)

Eastern Europe, including the Soviet Union; (6) Latin

^jyf; America; (7) North Africa and the Middle East; (8) Tropi-

'^^cal Africa; (9) South and Southeast Asia; and (10) China.*

^n For the sake of simplicity shortened titles will be used on
' occasion for some regions; in particular Region 4 will be

jy^simply referred to as "Rest of Developed," Region 5 as

^^ "Eastern Europe," Regipif? as "Middle East" and Region

^ 9 as "South Asia.- \J^
I I ihe regionahzarron was made in reference to shared

Aj tradition, history and style of life, the stage of economic
^ development, socio-political arrangements, and the com-

ifcahonality of major problems which will eventually be en-

t*>couiitered by these nations. The model does not presuppose

J *^ ally formal or informal regional supranational arrange-

yments, although our analysis indicates quite strongly that

/ there exists a need for the establishment of larger commu-
nities of nations in the developing world to create a better

balance of political and economic power as well as of cul-

tural influence among the world-regions. t Some compro

^Sec Appendix II for the listing of the nation-states included in the

Viinerent regions.

t By-way of example, can a balanced formulation of long-term inter-

interests and policies be reached by direct negotiations between

sLjjrfi different partners as the United States and Dahomey (2.5 million

habitants)? In our opinion, certainly not. Just as the European Eco-

nomic Community was formed to make the European countries a part-

ner with an economic weight equal to the United States, analogous regional

communities should also be considered in other parts of the world.
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i

mises had to be made in the process of regionalization and i

some changes will appear desirable for analysis of specific

issues. For example, Region 9 should be subdivided into '

South Asia, containing Pakistan, India, Bangladesh and j

Srilanka, and Southeast Asia for detailed consideration of

long-term food supply issues. In analyzing some other types j

of problems, the world system is represented in terms of ;

some clusters of regions obtained from the original ten re- j

gions by aggregation. For example, the Developed World

(Regions 1, 2, 3, and 4), the Socialist World (Regions 5

and 10), the Less Enveloped World (Regions 6, 7, 8, and

9). For still other issues only two regions are identified: the

"North"—consisting of the Developed World and Eastern

Europe, and the "South," consisting of the Less Developed y*

World and China (Regions 6, 7, 8, 9 and 10).
^-^

The multidisciplinary set of descriptions of regional de- :

velopmental processes is structured in a hierarchical arrange-
\

ment with the levels termed "strata." The stratification in the I

present version of the world system model is shown in Fig.
\

4-2. The environmental stratum incorporates (a) the %to- \

physical states and processes which are included in what is !

called man's physical environment: climate, land, water, air,
\

physical resources, etc., and (b) the ecological processes in \

man's living environment, the plant and animal kingdoms on

whose support man's very existence depends and of which

man might very well be considered only a part, no matter

how prominent. The technology stratum embraces all hu- j

man activities ranging from agriculture to satellite com-

munication—those which in biological, chemical, or physical

terms involve mass and energy transfer. The demo-economic
j

stratum includes the "accounting systems" humanity has ^

designed to keep track of its numbers and the goods man 1



Figure 4-2 Computerization of
the World System Model
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produces and uses—that is, to keep track of demographic

and economic processes. T/r^ group stratum represents the
;

system of institutional responses and societal processes of

man as a collectivity. The individual stratum reflects man's '

inner world, his psychological and biological makeup.

We cannot give full justice to a detailed description of !

the model here. However, an indication of how detailed the
\

model is and how submodels on different strata are con-

nected is shown in the Brief on World System Computer ^

Model.
\

Our representation of the world system development is
\

obviously man-oriented, since on the final, highest level of
j

the hierarchy we consider the individual's needs and con-
'

cerns. This does not imply, however, that man can, or even >
ought, to be the sole arbiter of his destiny. Indeed, his

environment on whatever level—economic, ecological, or

I any other—can very well preempt all the choices he may try
\

I

to exercise. In other words, no matter what his goals or his
j

I

actions, the future might be determined solely by the in- ;

evitable internal momentum of developmental processes.

Also, in certain regions of the world, the social and group
\

norms and goals take precedence over individual strivings. I

This might be a result of historical developments or be a i

deliberate choice by the people of the regions. The hierarchy l

we have used in our model is not designed to promote any
]

particular view or preference as to the existing or develop-
j

ing priorities between individual and social norms in any
'

region. Rather, it is intended solely to account for the

variety which prevails in reality.

Finally, accounting for the adaptive behavior of the
\

world system is intimately related with the objective-subjec-
[

live dichotomy in the assessment of possible future occur-
\
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SIMPLIFIED EXAMPLE OF VERTICAL INTERCONNECTION OF STRATA (D)

MIC • Regional Microeconomic Substratum
MAC = Regional Macroecononuc Substratum

G = Gross Regional Product
TM «= Trade Matrix

See explanatorf captions on fotowing pages.



Brief on World System Computer Model

The objective of this rather complicated looking diagram is

to give an impression for the technically minded reader as to

how the computer model is structured and also to provide a

glimpse of its real complexity. The reader not interested in the

model per se can safely skip this brief without losing the

continuity of the report.

The model has 10 regions (Figure A) each represented on
six different strata (Figure B). The interdependence of all

regional models is expressed through appropriate intercon-

nections and exchange mechanisms. For some strata several

representations with different degrees of resolution, i.e., dif-

ferent amounts of detail, are used. For instance, on the eco-

nomic stratum (Figure C) there is a regional macro economic
model given in terms of gross regional product, GRP, and
major expenditure components: consumption, investment, gov-

ernment expenditure, etc., and also a micro economic model
which specifies the economic output and expenditure com-
ponents in terms of nine production sectors.

An illustration of how different strata are integrated into

an (^erall world system model is shown in Figure D which

presents the interconnections between three submodels —
Dbpulation, economics and agricultural production — for the

.purpose of food supply analysis. Each of these submodels is

/quite complicated in itself and only some components and
variables of key importance for the interconnections are shown
in the figure.

The individuals stratum model determines deficiency in

diet for individuals (DD) on the basis of population level (POP),

the food diet needs (FDN), and food available given in terms

of dietary components: protein (PT), animal protein (PTA), calo-

ries (CAL) and fats (FT).



The population model determines the population (POP) in

various age groups and labor available for agriculture (LA)

and non-agriculture (LNA). The population change is inflU'

enced by diet deficiency.

For the sal(e of simplicity only a portion of the economic
model dealing with the production functions is shown in the

figure and in terms of only two sectors: agriculture and hon-
agriculture. The production function for the non -agricultural

sector is given in purely economic terms, as the so-called

Cobb-Douglas type function, with the non-agricultural labor

and capital as the inputs (LNA and KNA) and the level of pro-

duction of the sector (YNA), as the output respectively.

The production function for the agricultural sector, how-
ever, is represented in physical terms on the technological

stratum because of interest in the assessment of alternative

technologies of food production. It has two basic parts: food
production and land development. The main inputs come from

the rest of the economic model, namely, investment in land

development (LI), investment in agricultural production (lAP),

allocation of economic output for technical inputs to agriculture

— fertilizer, seeds, etc. — (YAP), available capital (KA) and labor

(LA). There are two basic outputs: arable land available (LD),

and the food produced expressed in terms of grain (GR), non-
grain (NG), livestock (LV) and fish (FS). The level of food import

(FM) is determined by the economic output allocated for food
import (MAF), food available for world trade (WFT) and world
food prices (WFP). The total available food in the region is

then analyzed in terms of basic diet components and fed back
to the individual stratum model. Finally, the economic value of

the regional agricultural output (YA) is obtained from the phys-
ical quantities produced and the pricing mechanisms. The sum
of outputs of all production sectors gives the total economic
output, i.e., the gross regional product (Y).

To appreciate the complexity of the model it should be
noted not only that each of the boxes in the diagram, e.g.,

"population model," is in itself a complicated model but also

that an analogous structure is given for all regions and that

other submodels, ^^uch as energy, are also interrelated in a
similar fashion.

T
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Fences. The stratified representation as shown in Fig. 4-2(A)

is conceptual and cannot be entirely "objectified," i.e., repre-

sented by a computer model. This is particularly true for the

higher, i.e. group and individual, strata. Only some of the

major trends and constraints on these strata could be pro-

grammed by means of cause-effect type relationships leaving

a good portion to be specified by the scenarios (Fig. 4-2[B]).

Also, we have extended our computer model of the world

system still further to reduce the subjective domain of the

overall model. This is done in two ways which can be use.

either in conjunction or separately:

/I. The individual and group strata are essentially pur-

yposive systems rather than consisting only of cause-effect,

/ mechanistic type processes. We have programmed on the

computer some of the decision-processes which constitute

the purposive system and the norms which govern the de-

cision, or selection, processes. In this fashion the objective,

computerized, part of the overall model has been extended

still further by modeling on the computer those options

which are available as well as the constraints and conditions

under which the decisions must be made.

2. In scenario analysis the future inputs and parameters

are specified over the entire time period. In most computer

modeling of the future the analyst is but a passive observer

during the evolution of the system. This can be remedied

by the interactive mode sometimes called "conversational

analysis," in which the analyst becomes actively involved

during the system's evolution and contributes to a better

representation of the adaptive characteristics of the world

system. A description of these two important features of

our modeling methodology are too technical to be presented

here. However, for the interested reader we have briefly

described them in Figs. 4-3, 4-4, and 4-5.
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In conclusion, several points about our view of the world

as reflected in the model and the modeling approach used

should be reiterated.

First, the difference between the methodology employed

here and prevailing techniques used in other types of com-

puter modeling* should be noted. Our approach is not

jased solely on a numerical representation of the system

nor on an optimization, algorithm for narrowly defined

criteria. Rather, it includes qualitative and logic-type re-

ationships whenever appropriate, and also relies on the

kieuristic or interactive approach to decision-making within

a framework of institutional, economic, technological, and

Dther constraints. It should be emphasized that the conclu-

sions which one can derive from a study regarding future

development of the world system is conditioned in an im-

portant way by the methodology used and in particular by

the assumed structure of the model (see Brief on Eiffect of

World Model Structure).

Second, the construct we have developed represents in

reality a computer-based planning and decision-aiding tool,

rather than a computer model in the traditional sense, though

to be sure, a model consisting of numerous submodels is

part of this instrument. However, it is not a "predictor" but

rather serves as an instrument not only to cope with the

immense numerical material, but also to extend the user's

logic and assess the consequences of implementing his vision

of the future.

Finally, some remarks on the behavior of complex sys-

tems is in order. It is often stated in reference to the present

energy or environmental crises that it looks as though

"everything depends on everything else," and, furthermore.

For example: systems dynamics, linear programming, etc



Figure 4-3 Extended Version of
the World System Computer Model
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Figur^44 Refinement of Decision-Making Model
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Figure 4-5 Scenario and Interactive Mode Analysis
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/n th9 scenario analysis a sequence of possible events—termed
a scenario — is selected which determines the inputs that are

asiplied to the computer model in order to assess the likely

Consequences if such events indeed take place. In the inter-
' active or conversational mode the input to the computer is

applied incrementally over time. The interactor — a planner,

a decision-maker, or a policy analyst — evaluates the effect of

previous incremental inputs before selecting the new incre-

ment. The analysis is the outcome of a rpan-machine symbiosis
based on a suitable division of labor/between them: man de-
cides on priorities, costs, and risks /6 be taken, while the com-
puter specifies the breadth of ppiions and indicates the likely

consequences of decisions, ^y
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that this feature of the system is a consequence of its com-
;

plexity; a complex system thus is considered to be "counter-

intuitive," meaning that the system responds differently than i

what one would expect under usual circumstances; e.g., a
\

measure aimed at improvement would lead in reality to ;

deterioration. From the viewpoint of hierarchically orga-

nized or "stratified" systems, however, "counter-intuitive"

behavior of a system is not the consequence of its com-

plexity but of disorder in the system which, as a corol-

lary, leads to a loss of intuitive understanding of relevant
^

portions of the system which the individuals concerned with j

that portion of the system have developed through experi-

ence and scientific inquiry. Counter-intuitive behavior is >

therefore a sign that the system is in a crisis and is display- ^

ing abnormal behavior. In normal circumstances the strata
\

in a hierarchical system are by and large independent and j

remain so, as long as the behavior of each of them is satis- i

factory. In crisis conditions, however, when various strata
\

cannot independently cope with the changes in their environ- 1

ment, they merge together—with the result that every vari-

able on any level becomes dependent on "everything else," '

i.e., on variables from other levels too and the total system j

thus becomes counter-intuitive, meaning it behaves differ-

ently than in normal conditions from which our intuition is
i

derived. It is only because strata are more loosely coupled in

normal conditions that the world appears comprehensible.

(How else would progress over so many centuries have been I

possible?) This observation is important when considering :

the remedies needed to bring the system out of crisis and

into a "normal" condition. What is needed is not to change j

the path of development by "outside" steering into the di-

rection of further growth or no-growth. What is needed |
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is an internal restructuring of the system to restore the

"normal" condition where the subsystems are in mutual

harmony so that each of them, by solving its own prob-

lems, is contributing to the solution of the whole. Such a

restruct;ifring leads to the path of organic growth. The analy-

sis of/problcms and crises as reported in subsequent chap-

ter/indicate that: (1) a "horizontal" restructuring of the

^;i^rld system is needed, i.e., a change in relationships among

nations and regions and (2) as far as the "vertical" struc-

ture of the world system is concerned, drastic changes in

the norm stratum—that is, in the value system and the goals

of man—are necessary in order to solve energy, food, and

other crises, i.e., social changes and changes in individual

attitudes arc needed LMhe transition to organic growth is

to take place. \^ .^^JjZ£,

BRIEF ON
EFFECT eff WO^LD MODEL STROCTURE ON
PROGNOSIS FOR FUTURE DEVELOPMENTS

/

The conclusions drawn from the analysfs of the world future

development depend on the view of the world as embodied
in the structure of the computer model. In an earlier pub-
lished 'Version of a world system computer model ' the

world is viewed as a homogeneous system with a fully pre-

determined evolution in time once the initial conditions are

Specified. Our view of the world is based on regional diversi-

ties, multilevel (stratified) representation of the world system
and with evolution in time dependent on socio-political

choices as constrained by the prevailing conditions. Each
view results in different "prognoses" for the global world

future development as embodied in the following theses:

* J. Forrester. World Dynamics. Wright-Allen Press. 1971; Meadows et al.,

The Limits to Growth (Potomac Associates: Washington, D.C., 1972).
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/
y i Fon^ester-Meadows Theses

/he world cimbe viewed as one system.

The system will collapse some time in the middle of the

next century if present trends continue.

To prevent collapse, an immediate slowdown of eco-

nomic growth must be initiated leading to equilibrium in

a relatively short period/of time.

\Qfur Theses

1. The world can be viewed only in reference to the pre-

vailing differences in culture, tradition, and economic

development, i.e. as a system of interacting regions; a

homogeneous view of such a system is misleading.

2. Rather than collapse of the world system as such, catas-

trophes or collapses on a regional level could occur,

possibly long before the middle of the next century, al-

though in different regions, for different reasons, and at

different times. Since the world is a system, such catas-

trophes will be felt profoundly throughout the entire

world.

3. The solution to such catastrophes of the world systenr}

is possible only in the global context and by appropriate

global actions. If the framework for such joint action is

not developed, none of the regions would be able to

avoid the consequences. For each region, its turn would

come in due time.

4. Such a global solution could be implemented only

through a balanced, differentiated growth which is anal-

ogous to organic growth rather than undifferentiated

growth. It is irrefutable that the second type of growth is

cancerous and would ultimately be fatal.

5. The delays in devising such global strategies are not only

detrimental or costly, but deadly. It is in this sense that

we truly need a strategy for survival.
'



CHAPTER 5

Too Littie, Too Late

Having described the world system model used in the analy-

sis of long-range world development, we can now turn to

reporting selected results of that analysis. We shall be con-

cerned with the questions posed in Chapter 2 on the strate-

gies for solutions to the crises besetting mankind. How these

crises are met will determine whether the emerging world

system will be launched on a path of organic growth or will

stumble from one crisis to another, and finally into global

catastrophe.

In this chapter we shall deal chiefly with the questions

relating to the persistency of the crises and to the cost of

delays in facing them squarely. We shall consider these ques-

tions here in reference to a problem high on the current

world agenda: the economic gap between the already indus-

trialized regions (the developed regions), and the regions in

56
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the process of industrialization and development (the devel-

oping or underdeveloped regions).

i fiistorically, evolution of any human society has been

marked by the growth and decline of various gaps between

different social groups. If a society is to preserve its in-

tegrity, widening of such gaps simply cannot persist; sooner

or later the gaps will either be sufficiently narrowed or the

fabric of the society will yield to centrifugal forces. Analo-

gously, mankind cannot enter even the first stage of organic

global growth if the economic gap between various worid

regions increases continuously; it is the question of survival

of the worid as such. The hopes were nurtured at the end

of the colonial era that from then on time would be working

in favor of narrowing the gap between colonizer and colo-

nized; the vital question is whether these hopes were founded

and what, if anything, could be done to speed the narrow-

ing process.

We shall provide answers to these questions by means of

a selected set of scenarios depicting alternative paths of

future development of the world system. The first, or

standard, scenario depicts how the gap would change if the

historical pattern of development were to prevail. In this

scenario the relative level of foreign aid does not substan-

tially increase over the presently prevailing level. To avoid

biases that might be introduced by the predominance of

population growth factors, we have made a somewhat opti-

mistic though reasonable assumption concerning the suc-

cess of population policies: namely, it was assumed that the

fertiUty rate in all regions in the world will reach an equi-

librium rate >^in no more than thirty-five years.

"Equilibmim fertility rate" denotes the rate that, if unchanged,

would leajr to an equilibrium in the population level after an appropriate
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The results of the first scenario computer analysis are

rather disquieting. Not only does the economic gap between

rich and poor regions not narrow, but it increases consider-

ably in terms of ratios and appallingly in absolute terms. The

gap between the average per-capita incomes in the Western

industrialized countries grouped according to our classifica-

tion in the Developed World Region (Regions 1, 2, 3, and 4)

and in Latin America (Region 6) will increase from 5 to 1

to almost 8 to 1 or, in absolute terms, from about $2000

to more than $10,000 per capita. The situation in South

Asia would be even worse. The per-capita income gap be-

tween the Developed World and South Asia (Region 9)

and similarly Tropical Africa (Region 8) would increase

in absolute terms from nearly $2500 to $13,000 while

in relative terms the per capita income ratio will remain

above 20 to 1. If one relies on the prevailing economic

patterns, trying to close this gap might as well be for-

gotten (Fig. 5-1). The present trends and attitudes are

apparently loaded heavily against narrowing. The crises

inherent in the economic gap are clearly not only persistent

but even worsening.

Now, to the second question: What can be done to narrow

the gap, at what cost, and when? An obvious means would

be to provide investment aid to the needy regions. A target

proposed by Professor Tinbergen * could be to reduce the

gap to 5 to 1 in the more underdeveloped regions, such as

tran*ftion p)eriod, that is, the total otimber of people will thereafter re-

\ D<ain constant at the populatiqo' equilibrium level, pfovided also the

^mortality rate does not change.' /
• J. Tinbergen, Two "Clubs' of Rome," presen^^d at the Symposium

'Toward a Global Vision pf Human Problems.'/'Tokyo, 1973.



Interregional Gap as Projected by

Historical Developments

Scenario 1: The diagram shows the tremendously wfderting

economic gap, particularly in absolute terms of income per
capita, between the developed regions and Latin America as
well as South Asia, as two different representatives of the

developing world under the assumption that the present trends
continue without change. Due to the very large population
increase the ratio of the per capita income in Latin America
and in the developed world declines from 1 to 5 to almost 1 to

6 during the next 50 years. In South Asia the per capita income
remains at less than 5 percent of that in the developed regions.
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Tropical Africa and South Asia, and to approximately 3

to 1 in the economically more advanced regions, such as

Latin America. To achieve that by the year 2000 would be

completely out of the question in view of the amount of aid

needed, of the corresponding load such a goal would impose

on the Developed World, and also in view of the limited aid-

absorbing capacity of the developing regions.

In order to assess in more realistic terms the effort needed

to narrow the gap, we have designed the second, continuous

aid, scenario in which it is assumed that continuous aid is

provided for the developing regions starting at 1975 over a

period of fifty years in order to achieve the Tinbergen target

by 2025. The computer analysis of the second scenario

shows that the amount of necessary aid * would not be

trivial nor could it be given without a certain sacrifice on the

part of the developed world. The annual aid would have to

reach $500 billion toward the end of the period so that the

accumulated amount of aid would reach $7200 billion over

the fifty-year period (both figures are in deflated 1963 prices

without interest). The load on the developed region would

be reflected in an annual loss of almost $3000 per capita in

comparison with what could have been achieved otherwise

by the year 2025.

Can the political will power of the developed nations be

marshaled for such an act? One cannot help but have serious

doubts. Perhaps it could be at a later date, when the con-

sequences of the increasing gap become more obvious.

What would be the cost of such a delay? To assess that cost.

Given to Smith Asia, Tropical Africa, and Latin America (i.e., Re-

gion 9, 8, an4'6 respectively) by North America, Western Europe, Japan,

and the "Rest of the Developed World" (i.e.. Regions 1, 2, 3, and 4).



/
Figure 5-2 Closlpd^the Gap Between Developed

and Developing J^egions Through Investment Aid

Scenario 2: investment aid !s given on a continuous basis lor

ttie next 50 years, in order to achieve in Latin America a con-

stant economic growtti rate of 7 percent and in Soutli Asia a

growti) rate of 8.2 percent and thereby reduce by 2025 the per

capita income ratio to 3 to 1 and 5 to 1, respectively.

Scenario 4: The same goal is reached at 2025 by massive aid\^

provided only during the 25 years from 1975 to the year 2000,

and none thereafter. The investment aid reduces in general

the income per capita in the developed world.
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Figure 5-3 Total Annual Investment Aid Provided
by the Developed World to Latin America,

South Asia and Tropical Africa
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In each of the three scenarios considered here, the aid fs

giv/n with the purpose of cutting the per capita income ratio

b/tween the above — named developing regions and the c/e-

feloped world (Regions 1-4) to 1 to 3 for Latin America and
5 to 1 for South Asia and Tropical Africa. In Scenario 2 aid is

given continuously for 50 years, in Scenario 3 the beginning
aid is delayed until the year 2000, while in Scenario 4 aid is

given only during the last quarter of this century. The enor-
mous advantage of giving aid on a large scale as early as pos-
sible (Scenario 4} is only too obvious.
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we have designed the third, or delayed action, scenario in

which it is assumed that the historical pattern of develop-

ment prevails up to year 2000 and that the attempt is then

made to achieve the Tinbergen target by the year 2025. The

computer analysis shows that the total necessary aid would

be $10,700 billion—more than $3500 billion above the

aid level which was necessary in the second scenario. It cer-

tainly would be a most expensive delay. It simply does not

"pay" to wait.

If delay is costly, would more intensive early action be

beneficial, and if so, to what degree? Through such an early

action, could the load on the developed world be reduced

while achieving the same goal? To investigate that case, we

designed the fourth, or early action, scenario in which an

Increased amount of aid is provided in the period from 1975

to 2000 so that no aid is needed thereafter and the Tinber-

gen target can still be reached by 2025. The results of

the computer analysis show that the maximal annual cost

reaches "only" $250 billion, while the cumulative cost totals

somewhat less than $2500 billion. This means that the total

cost of the early action scenario is barely one third of the

cost under the continuous aid scenario and little more than

one fifth of the cost under the delayed plan scenario. This

result is truly stunning: late action costs nearly five times

as much as early action. If the investment needs of the de-

veloping regions are to be met, the time to act, apparently, is

now. However, perhaps the most important aspect of the

development aid plan in the fourth scenario is that the de-

veloping regions would become fully self-sufficient by the

year 2000. The globally beneficial political and economic

effect of their early arrival at the economic takeoff point

cannot be overestimated.



Figure 5-4 Accumulated Investment Aid (1975 - 2025)
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^he great superiority of the development aid schedule accord-
ing to Scenario 4 is impressive. It shows how important and,
at the same time, cost saving it is to help the developing coun-
tries as quickly as possible to gain their economic takeoff point.

The cost of aid as measured by the accumulated investment in

the case of early action is less than one fourth the cost in the
case of delayed action.
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We cannot leave these considerations without comment-

ing on the "air of unreality" that surrounds this kind of

purely economic calculation. First of all, there is the use of

the gross regional produce as a measure of economic—and

by implication other—achievements of the societies. There

is no need here to discuss the inadequacy of a reliance on

this criterion as a sole measure of national and regional

progress. Alas, no alternative operational measure has yet

been designed. Second, in a time of multiple crises, as the

period under consideration will most certainly be, one can-

not consider any one of the strata in the multilevel world

system as fully independent of others.* For example, a

change in the raw material demand-and-supply situation

will change the technology and pricing structure of indus-

trial and agricultural production so that even if income rises

in what might be termed deflated dollars, the real purchas-

ing power, in terms of material goods, will lag significantly

behind. The people in the developed world would then not

be able to acquire as many additional material goods as the

indicated increase in per capita implies. Such restructuring

of production cost is already underway as a result of the

energy shortage, and it acts as the prime fuel for the current

inflation. The inflation spiral might very well persist and

even increase in intensity until society is ready to accept

the necessary restructuring of production cost, assigning ay

greater share to the material input, leaving less for Izbotj

even at the sacrifice of some individual consumer power. '-^

With such purely economic considerations one only

scratches the surface of the real problems in development.

• See also the Brief on Need for Systems Approach in Chapter 3.
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Under the surface are the real problems whose solutions are

as yet not fully perceived, even assuming that the industrial

regions arc fully willing to provide the necessary assistance.

Actually, present measures of economic development, such

as those based on highly capital-intensive industry, might

worsen the plight of the poor in underdeveloped regions by

increasing the ranks of unemployed and displaced people in

large urban areas. What is actually needed is what is called

an "intermediate technology," * which requires capital per

new job opening approximately equal to the annual income

per employee; furthermore, such a technology should not

be conditioned by the availability of high quality materials

nor should it demand high accuracy, large organizations

or long and elaborate training for potential employees. Such

a development cannot be realized by a transfer of technol-

ogy from the developed regions but by the development of

a new technology suitable for the process of development

as it takes in presently prevailing conditions in the currently

developing nations.

Last, but not least, we must question whether such de-

velopment, as already described in purely economic terms,

can take place at all in view of organizational, political, and

resources constraints. These questions, again, cannot be

analyzed solely within the economic framework; other strata

of our world system's hierarchy must certainly be involved.

t

The change in the availability, location, and cost of various

• E. F. Schumacher, Small Is Beautiful, A Study of Economics as if

People Mattered (London: Blond and Brigs, Ltd., 1973).

+ In this connection see the results of the "squeeze" scenario in Chap-

ter 8 which shows considerable decline in income per capita in case of

iDAterial, i.e., oil, shortage. ' '
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resources will be of such magnitude that even the very

notion of developed and underdeveloped economies will

have to be revised in at least two ways: First is the question

of whether the raw materials and other support for a de-

veloped world economy at a 500 percent increase in average

per-capita income level will be forthcoming. For example, an

economy fully dependent on an increasing flow of certain

raw materials that could be cut off on short notice can be

considered "overheated" but not properly developed—as

"obese" but not as healthy. In traditional economic calcu-

lations, material used in production processes is concerned

as an output, as e.g., labor, and is treated differently than

capital stock, which needs to be "replenished" to keep pro-

duction going. However, if a material is in a finite supply,

it is more appropriate to consider it as a "stock" that is

being depleted and, therefore, whose value increases as the

remaining stock becomes low. Such an approach would

lead to a new approach to economic considerations of pro-

duction processes. The second question relates to the very

notion of "developed" and "underdeveloped" economies

which implies that all support is available at any time to

bring the undeveloped part to the developed part level.

If that were not the case, i.e., if the resources market and

other support could sustain the total world economy only at

a level below the developed world level, then one has to

talk about the overdevelopment of some regions in conjunc-

tion with the underdevelopment of others. An example of

this dilemma is provided by the oil crisis.

Total energy need in any region is a function of the level

and the structure of economic activities. To achieve in the

region "South" by the year 2025 even the low level of per-
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capita income indicated in the scenarios in this chapter,

very substantial amounts of energy will be needed because

of those regions' population growth rale. It is apparent,

then, that the "South" will become a serious competitor for

energy resources; for example, the needs of South Asia

alone will then be approximately equal to five times those

of Western Europe in 1970. But where are these resources

to be found at that time and at what cost? Will the most

convenient energy source, oil, even be available? The in-

dications are that it won't. Our model shows that if oil

demand follows the historical pattern of development, even

with optimistic estimates of the reserves, natural oil will be

completely used up sometime early in the next century.*

New sources of energy will surely be developed by then. But

the indications are, in the absence of a major scientific and

technological breakthrough, that the substitutes will not

only be more costly but also much less adaptable to the

needs of the yet undeveloped nations. Meanwhile, the de-

veloped nations will use the natural oil during the remaining

decades at an excessive rate and fully out of proportion to

to the rest of the world, buying time for the development

of substitutes without undue economic penalty. If every na-

tion were to use oil at the same per-capita rate as the devel-

'

oped world, our computer simulation indicates that the

entire world reserves would be used up by 1982; if oil dis-

coveries continued at the same rate as in the preceding

decades, the reserves would be exhausted by 1985, much

too early to have energy substitutes ready to take the place

of oil.

The industrialized world is thus granted the time to dC'

• Sec Appendix 111(B), "Brief on Fossil Fuel Reserves.**
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Jelop alternative energy sources only by using nearly the

mtire world oil reserves and by that action preempting the

•upply of the most efficient and convenient energy source

irecisely when the developing nations need it most.

Should that not be taken into account in the current re-

issessment of allocation of oil consumption and of materials

consumption in general? Isn't it legitimate to ask, as repre-

jentatives of the developing countries, whether there should

De maximum limits on consumption of materials which have

finite reserves, such as oil? A more equitable long-term al-

location of global world resources would require that the

industrialized regions put a stop to further overdevelop-

ment by accepting limits on per-capita use of finite resources,

[f development aid is to lend a truly helping hand to the

hungry billions who must find a way out of their poverty,

more than investment capital is needed. Unless this lesson

is learned in time, there will be a thousand desperadoes ter-

rorizing those who are now "rich," and eventually nuclear

blackmail and terror will paralyze further orderly develop-

ment. Now is the time to draw up a master plan for organic

sustainable growth and world development based on global

allocation of all finite resources and a new global economic

system. Ten or twenty years from today it will probably be

too late, and then even a hundred Kissingers, constantly

crisscrossing the globe on peace missions, could not prevent

the world from falling into the abyss of a nuclear holocaust.



CHAPTER 6

Deadly Delays

'They die so gracefully

The analysis of the economic gap in the preceding chapter

showed the persistence of the present crises and the cost of

postponing the actions necessary for their solution. Yet

this is not the only worry, nor is the economic cost the only

cost incurred. Whether or not to embark on the path of

organic growth is a question of mankind's very survival and

delays in acknowledging this are life-and-death issues.

Nowhere else can this be seen so clearly as in the dilemma

involved in population growth.

The greatest danger in the path of a population crisis

solution is the tendency to delay the necessary action. "A
problem postponed is a problem half solved," Churchill is

quoted as saying at the height of the Battle of Britain. He
was confronted with apparently imminent defeat, and as

long as defeat could be postponed, there remained a chance

of winning or at least surviving. However, not all disastrous

70
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situations are so clear-cut. Too often the conditions are more

subtle, and while postponement of a solution to the problem

indeed delays the effort of facing up to the unpleasant

choices, time so gained only compounds the problem which

becomes increasingly difficult to solve. Such an approach is

taken with some logic by too many officials elected or ap-

pointed for a limited time. If one invests time and resources

in a crisis solution that will bear fruit only after one's term

of office is over, the likelihood is that one will get no credit

and all the blame; the credit will go to the successor during

whose term the benefits accrue, while the blame will be put

on the early period during which, in spite of all the resources

committed, the solution did not materialize. The fine thread

connecting early action and much later fruit is too often

lost. The tendency therefore prevails to postpone consider-

ation of the problem until one's term in office has ended

and it becomes somebody else's worry. In personal life, how-

ever, we know better. We learn, sooner or later, that the

choices we face are invariably limited and diminish with

time. The opportunity one misses at a given time can be re-

gained only at substantial cost at a later date, if at all. In

the life of nations, on the other hand, we assume that some-

thing, somehow, sometime later, will turn out to save the

day. Indeed, it is felt too often that the future will certainly

bring increased choices and new opportunities. That is un-

doubtedly a legacy of an era in which the steady march of

progress was taken as an article of faith. In subscribing

to such a religion one tends to overlook that there is abso-

lutely no evidence that similar progress will occur "automat-

ically"—by necessity. While the optimism is based on past

successes, the past must be taken only as a guide for the

future. The past is not the future, and what has happened
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in the past is not to be assumed to be likely in the future.

As Heraclitus stated: "It is not possible to step into the same

river twice"; the river flows and the water is constantly

changing.

We will consider two questions in the context of the

population crisis: Are the choices increasing with time and

should we therefore postpone the search for a solution?

Granted that we have to be mindful of the things to come,

should we not wait until the signs are unmistakable and

only then act? Unfortunately, the answer to both questions

is no! The reason for the negative answer to the first ques-

tion is the magnitude of the ensuing crises and the rate at

which they multiply; the reason for the negative answer to

the second question is the presence of delays in the world

system that require actions of "anticipatory" rather than

"feedback" nature. That is, actions must be taken even be-

fore the contours of the outcome are fully visible, else it

becomes too late. We shall prove the validity of these an-

swers by the scenario analysis of the population crisis using

our world system computer model.

The incredible acceleration of growth in total world popu-

lation is perhaps best illustrated by pointing out that if the

present rate prevails, more people will be added during one

year in the middle of next century than during the fifteen

hundred years after Christ's birth (Fig. 6-1 ); and that will

be an annual addition becoming even larger as time pro-

gresses.

However, the development of the total world population

is still a somewhat abstract concept. For too many of us it

just means that somewhere else and sometime in the future

there will be many more people. The issue is, in fact, much

more immediate, for the present pace of population growth



Figure 6-1 World Population Growth

It took more than the first sixteen centuries after Christ's birth

for the world's population to increase from 200-300 million to

the half billion mark, that is, to double in size. In the next two

hundred years another half billion was added and yet another

full billion in a mere hundred years, with the population reach-

ing 2 billion at about 1930. In less than a half century, 45 years

to be more accurate, the population will have increased by
another 2 billion. To add 2 billion more it will only take another

twenty years, with the world pqpuljtHon overshooting the 6
billion mark in the year 2000.X
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Figure 6-2 Population Density Related

to Area of Cultivated Land
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means that the world population would double even within

the lifetime of those who are presently in their middle years.

In order to gain a better understanding of the meaning of

such a population growth and the pressure it creates on the

economic, social, and ecological supporting system, one has

to look where these additional people will be located, that

is, at the change in population density. To assess these

changes by using today's population growth rates would

yield hair-raising numbers that, it is to be hoped, are too

pessimistic. More realistically, therefore, we have assumed

that some population policy is being implemented. Specifi-

cally, we have assumed that in all world regions the fertility

rate declines to an equilibrium level within a fifty-year pe-

riod, which means that if the fertility rate does not change

thereafter the population level will reach equilibrium after

an appropriate delay. To focus on the population issue as

such, we have also assumed that all support necessary for

the increasing population will be forthcoming, that is, there

will be no large-scale food shortages to cause massive star-

vation. The computer analysis indicates that under such con-

ditions at the end of the present century there will be, com-

pared to the year 1970, an additional four people per square

kilometer in North America, but 140 people will be added

to the same area in South Asia (Region 9). This m-
crease alone is more than 60 percent higher than the

present population per square kilometer in "overpopu-

lated" Western Europe, where there are at present eighty-

five people per square kilometer. How that will strain

regional resources is indicated by the fact that in the year

2000, for each square kilometer of cultivated land in South

Asia there will be 390 additional people to feed—compared

with an additional thirty-seven people per square kilometer



F\guT^'3 Growth of Urban Population
(> 20,000 inhabitants)

The growth of urban population will increase in thejieveloping

countries especially after the turn of the century when the

rural areas will no longer be able to absorb local population

increases. This will have the most serious repercussions in

'the urban labor market, where in the next 50 years nearly one
/ billion new jobs will have to be created in order to absorb

the increase in urban population. If the industrial growth rate

should be only 4 percent per year, for example, in South Asia

(Region 9) alone the number of unemployed urban people
would rise to 100 million in the year 2000, and to more than

a half billion in 2025^ should the present population growth
rates persist.
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of cultivated land in North America. To top all this, the

rate of growth of urban population in South Asia is twice

the growth rate of the total regional population. According

to Tarzie Vittachi, the Executive Secretary of World Popu-

lation Year for the United Nations, ".
. . if Calcutta grows

at its present rate—there would be sixty million people just

struggling for survival on the banks of the Hooghly at the

end of this century."

What is to be done? Is this a Churchillian-type situation

in which delay is pregnant with the solution or, at least, it

can open an easier or less painful way of solving the prob-

lem? Unfortunately, quite the opposite is true. The longer

we postpone the necessary adjustments, the more costly the

penalty will be in human suffering and lives.

To illustrate this crucial point we have designed several

scenarios with alternative population policies which enabled

us to assess the consequences of various delays as they might

occur. A quite detailed population model is used in which

the distribution of population by one-year age increment is

taken into account for each of the regions and fertility and

mortality is represented also in references to the region-

specific age distribution.* Such a model enables us to assess

the effectiveness of various population policies in a quite

realistic manner. The results of our analysis we shall present

here in reference to the two most aggregated regions: the*

"North," which comprises the industrialized part of the

world (North America, Western Europe, Eastern Europe

including the Soviet Union, Japan, Australia, Oceania, and

South Africa), and the "South," which comprises the rest

of the world,

• See also Appendix III(D}, "Age Structure and Population Growth."
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According to the first, standard scenario projected on the

basis of the historical pattern of development, by the end

of this century there would be more people in the "South"

region than in the entire world today; in another twenty-five

years there would be more than three times as many as in

the world today. The population figures thereafter, if the

historical pattern continues, are so astronomical as to be

almost ridiculous to consider. There is no question whether

such development will take place or not. Most certainly it

will not! The only questions are whether the slowdown of

population growth would be the result of a deliberate popula-

tion policy or the result of Malthusian checks and what

would be the relative cost of the two outcomes.

To investigate a more realistic situation, we have designed

the second scenario in which a fully effective population

policy is applied starting in 1975 and aimed at bringing

the fertility rate over the entire region "South" to aa

equilibrium level in thirty-five years and to maintain it at

that level. Two important conclusions resulted from the

analysis of this scenario: first, the equilibrium in "South"

is reached only seventy-five years after the initiation of the

population policy and forty years after the goal of equilib-

rium fertility has been reached; second, the equilibrium level

is more than twice as high as the level when the policy is

initiated. The need to look at least fifty years ahead when

considering the development of the world system is amply

demonstrated.

How about the urgency of action? What would be the

consequence of delaying the action until a more opportune

time, and what would be the cost of such a delay? To in-

vestigate this, we have designed a third scenario, in which

the same population policy is applied as in the second, but
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Population in the developing regions has undergone an accel-

erated growth in the sixties. Were this growth to continue

(Curve 1) at the present pace, only 50 years from now the

population of the Third World would amount to 10 billion peo-

ple and even an effective equilibrium policy would not then

stop population growth before the 20 billion mark was reached;

of course, provided these masses of people could be fed and
cared for so that starvation, malnutrition and disease would
not stop such growth long before. The effect of an equilibrium

policy beginning in 1975, 1985 and 1995 was investigated and
the results are depicted by the solid curves 2, 3 and 4, respec-

tively. Due to the age structure of the population in the devel-

oping countries (see Appendix III on "Age Structure and
Population Growth") population equilibrium is then achieved

at a level more than 100 percent higher than the population

size at the initiation of such policy. Were a policy with a 35

year transition period to equilibrum fertility initiated now, in

the population in the developing world would increase even-

tually to 6.3 billion, an increase of about 110 percent over

today's population. (This is to be compared with only a 30 per-

cent increase in the developed world with the same equilibrium

policy, see broken curves.) A delay of 20 years in the begin-

ning of such a population policy would lead to an equilibrium

population of 10.2 billion people, i.e., nearly 4 billions larger;

at approximately 3.5 times the present population. Depending
on the beginning date of the equilibrium policy, the ratio of

population in the developing world to that of the industrialized

countries (see broken curves) will change from the present 2J5

to 1 to 4 to 1, 5 to 1, or 6 to 1, respectively.
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Starting with a ten-year delay, that is, 1985 rather than]

1975; finally, a fourth scenario was designed in which the'

same population policy starts at 1995. The analyses of the

computer runs show that a ten-year delay will increase the

equilibrium population in the region "South" by 1.7 billion,

up to 8 billion people, while yet another ten years will push

the population in the "South" over 10 billion. This all is to

be contrasted with the slightly more than 2 billion popula-

tion level in that area in 1950. But the cost that will have to

be paid for the luxury of postponing the beginning of action

cannot be adequately grasped by looking at abstract popula-

tion numbers. We are talking about humans, and the cost

must be assessed with reference to specific locations and in

human rather than economic terms. In South Asia alone the

present increase of the potentiariabor force amounts every

week to more than 350,000 people, a number that would

have risen by the end of the century to 750,000 per week or

40 million people in a year. That is a number twice as large

as the total present population of Canada. Ten year later the

potential labor force of South Asia would increase by 1 mil- >

lion people per week. The pressure which such a develop-

ment would put on the socio-political and economic systems

is only too obvious, especially if the trend toward urbaniza-

tion continues to swell the urban areas with a population

not only without work but possibly without any hope of

improving their lot. To quote T. Vittachi again, "To cope

with the population increase, India needs to build 1000 new

schoolrooms every day from now on for the next twenty

years, 1000 new hospital wards every day from now on

for the next twenty years and 10,000 houses every day from

now on for the next twenty years."

But this trend could not continue unchecked either. Indi-
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vidual sufferings, most likely coupled with socio-political

breakdowns, will be the preventive force. An "indicator" of

such sufferings would be the number of additional deaths of

children attributed to malnutrition and starvation and which

will result from a delay in implementation of an effective

population policy. To examine this we have designed a fifth,

sixth, and seventh scenario in which South Asia, by the logic

of world political development or because of the deliberate

political decision of her leaders, relies almost completely

on her own resources to support the growing population.

In the fifth scenario it is assumed that an effective popula-

tion policy starts at 1990, while in the sixth scenario the

same policy is initiated with an additional five-year delay,

i.e., in 1995. The impact of such a delay on the total num-

ber of child deaths is quite significant. In cumulative terms,

about 170 million additional children would die until the

year 2025, if the same population control policies went

into effect only five years later. On the other hand, advanc-

ing the starting time to 1975, the sum of child deaths would

be decreased by more than 500 million.

Perhaps the most shocking aspect of such analysis is that

these "overall statistics" hardly portray the truly tragic state

of affairs. By letting the "natural feedback" mechanisms of

malnutrition and starvation check population growth, the

same result, that is, the same overall level of population,

could be achieved as through a successful population policy.

But what a tragic difference for individual families as well

as for the collective quality of the survivors' lives.

The answer to the second question posed at the beginning

of this chapter is therefore only too apparent. The delays in

coming to grips with the world problematique are truly

deadly. In Calcutta there is a hospital where special care is
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provided for children who are found dying of starvation.

All eflorts are made to ease their last days. "They die so <

gracefully," the head nun has been quoted as observing. But

they die nevertheless. The death of an individual is a tragedy,

while the death of a million is statistics—so cynics have

been saying. But the death of hundreds of millions could

very well mean unprecedented tragedy for the entire world.

The increasingly strong interactions in the world system will

provide for precisely that kind of outcome.



CHAPTER 7

Tug of War for Scarce Resources

By now we have established the persistency of the world

crises and the urgency of action if the cost of bringing

about desired solutions is to be kept at a reasonable level

in economic and in human terms. There remains the ques-

tion of the nature of the relationships between various parts

in the emerging world system. Will the system be charac-

terized by dominance or genuine partnership? The con-

straints imposed by the various crises cannot but create

Conflicts. Must these conflicts be resolved by confrontation,

or is cooperation possible?

These questions will be considered in the present and fol-

lowing chapters. It should be realized that the conflicts con-

sidered here result from competition for resources—ma-
terials, energy, food, land, water, air, etc.—in the broadest

possible sense. If the resources were unlimited, there would

be a chance to avoid conflict. The very phenomenon of

83
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growth on our finite planet, however, implies competition

for resources; therefore growth can only create circum-

stances conducive to conflict.

Until the very recent past the fate of people and nations

was determined in large measure by the availability of re-

sources necessary for the survival or preservation of the

prevailing style of life. Nomads moved constantly in pursuit

of food, the most precious of all resources. Advancement in

transportation allowed certain societies to extend their hold,

by trade or conquest, and to bring the necessary materials

home rather than having to move in endless pursuit of them.

Frontiers were constantly opened to extend their hold on

these necessities. Yet, this period has ended and now the

rules of the game have undergone change again. Today,

throughout the world, the sites of essential resources and

the locations where these resources are most needed are

within the boundaries of societies with different, even con-

flicting goals and objectives. For example, Japan imports

99 percent of its oil, primarily, from the Middle East, to

satisfy 65 percent of its total energy needs. In a slightly less

dramatic position, Western Europe is still very much depen-

dent on the Middle East, and this dependence will increase

substantially and rapidly in the years to come. Even with its

great size and the diversity of its geography, the United

States is requiring more and more resources from without

Twenty years ago the United States was virtually self-suffi-

cient in the essential raw materials needed for industrial

production. According to the National Materials Policy

Commission, the United States will, by the year 2000, de-

pend on imports for more than 80 percent of these materials.

At the same time, some regions of the world—South Asia

and Tropical Africa in particular—will depend to a critical
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degree on North America and Australia to produce their

food.

For a short time in history it seemed—at least in some

parts of the world—as if man had finally mastered the fun-

damental problem of resources development, and was enter-

ing a long era of abundance. But now the world is again

approaching an era of scarcity. Two types of conflicts are

emerging: the first between the short-range and the long-

range view of the situation, the second between users and

suppliers.

There is always a tendency, fueled by immediate needs,

to seek short-term gains even at the expense of long-range

benefits. Grave consequences can result, also, if a satis-

factory short-range situation is mistaken for a long-range

one. For example, the abundance of food, which was her-

alded several years ago, has proven to be very short-lived.

The assumption of this abundance allowed the population

to increase, skyrocketing the food need and bringing back

the prospect of scarcity. Similarly, the abundance and avail-

ability of cheap energy sources, particularly of oil in the

1960s, was taken as a permanent and irreversible state. That

misperception inevitably led to the present energy crisis.

Regarding the users* and suppliers* conflicts, two kinds

of participants have emerged: those who have resources and

almost nothing else, and those who have everything except

resources. In the past the dice were heavily loaded in favor

of those with knowledge and power—brains and swords:

what they could not invent they took. But that is changing.

National and regional needs have increased in kind and
quantity to the extent that neither inventions nor conquest

by force or trade can satisfy these needs. A primary reason

for this development was reliance on a pattern of economic
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thinking which heavily discounted future costs and there-

fore did not prepare for future scarcities. Thus, the developed

world used cheap oil to spur its economic growth, resulting

in a greater demand for oil, which in turn, by remaining

cheap, pushed growth to still higher levels. The spiral con-

tinued without regard for safety. The developed world now
seems to be "hooked" on oil; to kick the habit can only be

painful. No substitutes were seriously developed since oil

was deceptively cheap. Allocations and use of oil were gov-

erned solely by the immediate cost of getting the oil out of

the ground. No notice was taken that the quantity of oil was

finite and that we were burning, in a split second, often for

frivolous reasons, resources which took nature millions of

years to produce. This situation provides a perfect illustra-

tion of arrogance in the contemporary man-nature relation-

ship, t Now that the positions of supplier and user regions

i
• Assjjme an interest rate of 7 percent. Then, the expenses for anticipa-

tory^iffcasures to be taken in order to avert a crisis, that is expected to

ur in the "distant" future, could apparently be reduced to only twenty-

five percent of the present outlay, if one would wait 20 years with their

implementation.

t More examples of the discounting of long-term costs and of the same

disregard for natural processes can be found in the use of many other

essential commodities. Take, for example, medicine as an essential com-

modity. The present stale of medical art has been attained through a

long and ex^cmcly costly evolution of medical knowledge and scientific

discoveryi-r full of success and failures. And what has been squeezed

out^^if nature, often with painful effort, is now used to interfere with

I processes, frequently without regard for the total and long-term

effects. Medical advancements obtained through a long process have

been used to reduce mortality almost overnight, historically speaking,

without considering the fertility side of the equation; that opened the

gap between fertility and mortality which is leading to a soaring popu-

lation—an explosion which, if unchecked, can truly lead to collapse.
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have been reversed, the industrial world will have to pay

for their former attitude, and not only in the form of high

oil prices.

The resolution of conflicts of resource allocation depends

on the mechanism used for conflict resolution, which in turn

depends on the seriousness of the situation, and the degree

of dislocation in the "normal operation of the system." In

this chapter we shall consider the least upsetting type of

crisis: one whose resolution could be based solely on eco-

nomic considerations. Implicitly, this presupposes that sub-

stitutes for scarce or depleted resources can always be found

in time to prevent major technological and economic dislo-

cations. The solution of the resources allocation problem

can then be obtained by means of the pricing mechanism. In

the subsequent chapters, which deal with more intense con-

flict, the need for a more comprehensive attack on such

situations will become apparent. Indeed, nothing short of a

complete integration of all strata, from individual values to

ecology and mineral resources—and on a global scale—will

suffice for the solution of the world food crises considered in

Chapter 9. If mankind is to proceed on the path of organic

growth, and if we are to avoid excruciating pains in the

transition process—in the form of regional catastrophes for

ultimately defeating the whole purpose for medical intervention in the

first place: the saving of lives. What good is it to save a human from

disease only to watch him die of starvation? Cynics have calculated that

for every child saved from starvation today there will be three who will

die from the same cause later in this century. Of course such calculation^

are revolting and fully unacceptable! But the facts behind them should

not be ignored either. Help is meaningful only if it is given fully and

completely; an intervention in the natural processes should be made only

after the full range of side effects has been assessed. -

^
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example—conflicts on all levels of intensity ought to be re-

solved through cooperation, rather than confrontation.

We shall present here the case of oil as a cause celebre of

non-renewable resources. For a considerable period the

worldwide allocation of oil was essentially regulated by a

buyers' market. Now the pendulum has swung, and the

market strongly favors sellers. During the buyers' market

era, high pressure was exerted by the entire world economic

system to keep the price of oil down. Should the situation

become completely reversed in the newly created sellers'

market conditions? Should the oil-exporting regions raise

the price of oil to the limit? In the long run, would a further

price increase over the present level really hurt anyone, and

conversely, would an endless increase in price benefit any-

one? How strong a "squeeze"—for example, by withholding

production—should the resource-rich regions apply in pur-

suing their own best interest? It is the emphasis on the "long

run" that is crucial when considering these questions; while

the "short run" situation is often fairly clear, the real di-

lemma is whether the pursuit of short-term gains leads to the

sates for long-term losses or to the long-term gains. Al-

though these questions have been posed with reference to

the "oil crisis," the same dilemma exists in connection with

any other scarce resource; the lesson learned from the oil

Crisis will thus have an implication for food and other

scarce resources.

To analyze the prospects for dealing with the oil crisis, we

have used our world system computer model. In any given

year, the energy needs for each of the regions are deter-

mined by the desired economic growth and intended indus-

trial development. The regional oil needs are then computed

as a fraction of the total energy requirements according to
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the historical pattern of oil use and postulated technological

changes. The difference between production capacity and

needs determines whether the given region is a net exporter

or importer of oil. The allocation of the available world

supply is achieved through a world oil market model. Each

scenario is determined by one of the options that the region

may exercise in pursuit of its own goals.

The goals of the oil-exporting regions are assumed to be:

1. Achievement of maximum economic growth. This de-

pends not only on the region's ability to produce oil, but to

absorb investment.

2. Maximization of the amount of excess revenues that

can be used to accumulate wealth outside the region.

3. Increase in the lifespan of the total oil reserves.

The range of alternative actions available to the export-

ing regions includes:

1. Increase in oil prices during sellers' market conditions.

Both the maximum price achieved during the period of con-

sideration and the rate of increase must be evaluated.

2. The withholding of oil supplies by limiting production

to a level below the demand. This could be done in a num-

ber of different ways—by imposing a ceiling of, say, 10 or

15 billions of barrels per year; by reducing the production

to satisfy only a certain percentage of the total demand; by

the combination of these and other measures.

3. The use of excess revenues—those which remain

after essential imports are paid for—as an economic and

political instrument. These funds could be used for invest-

ment in other regions, including the oil-importing regions,

or could in fact be deliberately withheld from the importing

regions.

In the oil-importing regions, as far as the oil crisis is
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concerned, the goal is to ensure continued economic growth

without interruptions caused by oil import fluctuations, due

to actions, such as Hsted above.

The range of options available to the importing regions

include:

1. Increase in regional oil production.

2. Development of alternative sources of energy as sub-

stitutions for oil.

3. Reduction of energy demand through conservation

measures.

4. Increase in the cost of goods—in particular the capital

investment goods—needed by the oil exporting countries.

Such an increase can result from competitive pressures

for those goods on the world market; or it can be a delib-

erate act of retaliation for the oil price increase. This

latter option could, among others, take the form of export

taxes applied selectivelv^o goods imported by the oil-,

producing regions. 'J
-^""^

'"Based on the comparative goals and options available to

the producers and users of oil enumerated above, a very

severe conflict could quite easily appear and lead to serious

dislocations in the world economy. In the realities of the

world political situation, conflict can be avoided only if

preventative measures do not require lopsided sacrifice on

the part of either the oil-exporters or -importers; solutions

must be mutually beneficial. Since our concern was with

long-range rather than temporary advantages, we used a

fifty-year time period to evaluate the possible gains to the

exporting regions, namely:

1. The level of their economic attainment, as reflected in

the gross regional product, GRP, in the year 2025.

2. The total wealth accumulated abroad by the exporting
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regions over the entire fifty-year period, or between 1975

and 2025.*

We shall present the results of the computer analysis

relevant to the Middle East, i.e., the Region 7. The gross re-

gional product which the Middle East can achieve by 2025

is a function of the maximum oil price attainable during the

next fifty years. To investigate the behavior of this function,

we designed a set of scenarios in which the price of oil is

increased yearly until it reaches a level specific for any given

scenario and then remains constant for the rest of the period.

For each scenario there is therefore a characteristic maximal

oil price that is assumed to be reached during that period.

The results from the entire set of such scenarios can be

simmiarized as follows (Fig. 7-1 )

:

If the price of oil remains at the initial level, the gross

regional product of Region 7 reaches about 1.2 trillion U.S.

dollars in 2025. As the scenario specific maximal oil price

increases the region 7 GRP in 2025 increases too—^but

only up to a point. In the scenario with the maximal oil

price around 50 percent greater than the initial value, the

GRP in 2025 becomes $2.7 trilHon—or more than double

of what was in the scenario with no price increase. How-
ever, in the scenario with still higher increase in oil price,

the output of our world systems model indicates a decrease

in 2025 GRP in the Region 7. This decrease reflects the

fact that too great a price rise would make oil prohibitively

expensive; consumer-nations would have to find substitu-

tions or do without. If, for example, the maximal oil price

• Economic output is measured heft in terms of prices deflated to the

1963 level so as to eliminate the e^cts of inflation and account only for

real economic changes. -.^^
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jure 7-1 Economic Growth and Accumulated Wealth
of Middle East (Region 7) as Function of Oil Price

An incnas9 ot price tor a raw materiel under sellers' market
condlMons seems to otter nothing but gains tor the party in

• monopolistic position. However, a deeper analysis ot the
¥/orld system shows that this situation exists only tor a very
short period. A number ol counteracting lorces — due to llml-

talion ot resources, substitution, development ot alernative

sources, change in technology, the change in economic con-
ditions, etc — prevent more than a reasonable gain in the long
run and a definite loss it the price is increased beyond an
Ofitimal range.

Diagram A shows the growth in the economy of the Middle
Best Region, Diagram B the accumulated outside wealth ol the
same region as functions ol the oil price, given in relative

terms. The existence ol an optimal price from the viewpoint
of the exporting region is quite apparent.
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increases fourfold, the 2025 GRP in Region 7 falls back

to $2.4 trillion.

Another criterion that can be used in considering oil

price increases is the wealth which the Region 7 can ac-

cumulate during the 50-year period, by using excess oil

revenues. Had the price of oil remained constant at the in-

itial level, sales would have been quite high, and the Middle

East would have been able to acquire considerable capital

abroad. In the scenarios with higher maximal oil prices, the

accumulated wealth increases but only in the scenarios

where the maximal price is up to around 50 percent higher

than the initial oil price (Fig. 7-1 B). Here again, if the

price rises too much, demand will taper off. If the price

increases twofold the potential for accumulated outside

wealth comes to less than one half of the value attainable

In the scenario best for the Regiort 7.

The message of these studies apparently is that the sky

is not the limit for increases in the price of oil. To achieve

maximum growth and maximum accumulated wealth, the

Middle East should arrive at a "most beneficial" price for oil

somewhere around 50 percent greater than the initial price.

Obviously the price cannot be increased that much in one

step—that would have the same effect as too great an

overall increase and would reduce demand. So the next

question for the Region 7 exporters is over what time span

the increases should be made, and when should the "most

beneficial"—from the Middle East's own viewpoint—price

be reached? Then, there is the question of how the optimal

price depends on various factors which determine oil

substitution. Analysis of all these questions shows that varia-

tions of the optimal price are comparatively small; the world

jystem is not really seriously disrupted unless the optimal

price range is ignored;
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But what of the importing regions? How do they fare in

the scenarios favorable to the exporters? Will these "bene-

ficial" price increases dislocate or perhaps even ruin their

economies?

Finally, can the conflict be viewed from both regions'

sides—exporting and importing—in order to assess how
they both fare under different scenarios? Two kinds of an-

swers could result from such an assessment:

1. It might appear that there are some scenarios that

strongly favor one of the two sides. The world system would

then be facing an intrinsic conflict (for the resolution of

which there would have to be some extraneous considera-

tions).

2. The conflict might appear to be of such a nature that

there exist some scenarios that are preferable for all con-

cerned—that is, are optimal for exporting and importing

regions. If either side deviates from the conditions specified

by these scenarios, it would lose in comparison to what it

could maximally gain otherwise. The only motivation to

deviate from what appears to be an optimal scenario would

be a negative one—that is, the expectation that the other

side would lose even more. However, if the motivation for

all participants is positive—that is, each is concerned only

with its own maximal gains—there exists a ground for

rational conflict resolution.

In order to study the possibility of such a rational resolu-

tion, we aggregated our regions into four groups: (1) the

Developed World consisting of North America, Western

Europe, Japan and Rest of Developed (Regions 1, 2, 3, and

4); (2) the Socialist World comprised of USSR, Eastern

Europe and China (Regions 5 and 10); (3) the Middle

East (Region 7); (4) the Rest of the Developing Regions
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(Regions 6, 8, and 9). As the basis for our evaluation we

have taken the gross regional product achieved in the year

2025 by each of the aggregated regions. The results of the

analysis can best be represented in terms of two scenarios

(Fig. 7-2).

In the first low price scenario—it is assumed that the oil

price remains at the level of the early 1970s: $1.35 per bar-

rel in 1963 prices. The world system model indicates that

isuch an extremely low level of oil prices would hinder the

I

development of alternative resources until the total world

oil reserves are almost completely exhausted around the year

2000. Somewhat surprisingly, the most seriously affected re-

gion would be the Developed World, which initially had

benefited most from the low oil prices and which, if pursuing

always the short-term objectives, would never favor an in-

crease in oil price. The Developed World would have to face

a decline around the year 2010, followed by a recovery to-

ward the end of the period, reaching a gross regional product

level of "only" $5.5 trillion in 2025. The Middle East and

Less Developed Regions fare rather poorly, the former

reaching only a little over $300 billion in gross regional

product by 2025, with stagnation in the second decade of

the next century due to depletion of its major resource, oil.

Actually, the situation appears much more dramatic if the

regions which constitute the Developed World aggregate

are examined separately. For example, North America is

much less affected by the depletion of the oil resources in

the Middle East than are Western Europe and Japan: If the

total Developed World were to have a 1 percent annual de-

cline due to oil shortage. Western Europe would have a 3

percent annual decline and Japan even more. Were that con-

dition to persist over a five-year period, the social pressures
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and massive unemployment accompanying such a develop-

1

ment would be hard to bear for the societies where the pop- •

ulation is accustomed to a high material living standard.

Political consequences would most probably lead to a strong

pressure to change the social arrangements that constitute

the prevailing system, with unpredictable consequences.

In fact the price of oil could not have remained at the

low level of the early 1970s. The Middle East could not

have permitted the only source of income jieeded for its

development to be depleted; therefore the price would have

to go up to slow the outflow of oil. And the later that in-

crease takes place, and the smaller the reserves at the time,

the steeper and more disastrous the increase would have

tp_be-

An increase in price, according to traditional wisdom, is

generally presumed to hurt the consumer—in this case the

oil-importing regions. To see whether, in the long run, this

is necessarily the case, we designed the second, or "optimal

price" scenario, in which we assume that the price of oil

follows a 3 percent annual increase until it reaches

the optimal level determined in earlier analyses. Using

vastly increased oil revenues, the Middle East reaches a

gross regional product of almost $2.5 trillion (more than

five times the GRP of the first scenario) in 2025. The rest

of the Developing World reaches a combined GRP of more

than $4 trillion (compared with less than $2 trillion in the

first scenario). The Socialist World also fares better in the

second scenario, reaching a 2025 GRP of $6.3 trillion.

But the most surprising is the performance of the De-

veloF>ed World. In spite of considerably higher oil prices,

the economic level reached at 2025 is higher in the second

than in the first scenario, reaching close to $8 trillion.
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In other words, the higher prices paid by the principal

consumer turned out to have been beneficial also to that

consumer—a seemingly counter-intuitive conclusion. In

the closer analysis, however, this makes perfect sense. The

economies of the Developed World would have been sig-

nificantly dislocated by the exhaustion of the oil reserves

projected for 2010—exhaustion stimulated by the Devel-

oped World's heavy usage of oil at low prices. The higher

prices, moreover, will force the Developed World to intro-

duce alternative energy sources. The growth of the Devel-

oped World is also much steadier in the second scenario,

although some leveling in the economic output around 2000

occurs due to depletion of some oil reserves.

In conclusion, then, the oil price of the early 1970s,

though based on immediate production costs, was at an un-

healthy low level. Because of it, economic growth in the

Developed World—especially in Japan and Western Europe

—was fueled at a rate that could not have been sustained

over a long period of time. A continuation of this state of

affairs would have led to either the stoppage or decline of

economic growth in the Developed World; or, if that could

have been avoided, it would have produced a fundamental

change in the Developed World's economic system. Eco-

nomies would have been controlled by directives rather than

by prevailing market mechanisms.

The most important conclusion that can be drawn from

our analysis of the oil situation is this: the conflict between

the two sides in the dilemma over finite resources is more

apparent than real. In the long run, when all important

factors are accounted for and the long-range benefits con-

sidered, cooperation is the only sensible and the most bene-

ficial path for all participants. Attempts by one side to take
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up to the 'optimum* levef. Such a policy would bring in the

substitutes in a more regular fashion while prolonging the re-

serves. Both exporting and importing regions would fare better-,

(see B). It is only by takii}g a global and long term view that

such a course of d^elop6)ent, most beneficial to all concerned,
can be identified.Ufied. \/
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(significant advantage over the other backfire; they, reduce

th^enefits to all.

: This conclusion, of course, refers to the long run. Shorty

term advantages gained by quick, one-sided action wil

not only prove not to be advantageous; they will mala

solutions more elusive later. The real solution to the re-*

sources dilemma must be based on global and long-range

considerations.

The conclusion applies not just to oil, but to all of the

finite resources—food, fertilizer, copper, and so forth. The

"most beneficial'* price range and the proper rate of increase

differ for each commodity, but the optimal level exists for

all and should be determined and then on a global basis

maintained worldwide by all participants in the world sys-

tem—if recurrence of the world economic crises due to

resources-constraints is to be prevented. ^^-^^



CHAPTER 8

Limits to Independence

As competition persists and conflicts deepen, confrontation

between protagonists moves from the level of a mere

"quarrel" to that of a "fight." The normal economic measures

to resolve conflicts are no longer sufficient, and measures

of retaliation have to be used. Will such an escalation lead

to a decisive advantage for one of the combatants?

To analyze such a worsened situation, we shall continue

to use the worldwide oil crisis as our example. It stands

repeating, however, that in this new age of scarcity, what

is true of energy is also true of other finite resources. If we
can further bolster the thesis that global, interregional co-

operation is the only sound means for dealing with pro-

spective energy shortages, we are of course implying that

cooperation is the only sound means for approaching other

shortages too.

In the preceding chapter we concentrated mostly on prio

101
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ing as the mechanism by which potential conflicts between

oil producers and consumers could be averted or resolved.

In the reality of the modern world, however, the pricing

mechanism is but one of the moving parts that regulate the

flow of oil. During the Arab oil embargo, the pricing mech-

anism was all but discarded as the oil producers applied

supply restrictions; thus, the exporters intervened directly

in the development processes of the importers. If such an ad-

verse situation were extended, genuine shortages would

emerge: on the one side there would be an energy shortage,

and on the other a shortage of capital goods. No manipula-

tion of prices could overcome these physical shortages. The

economies of each of the regions affected by its shortage

would have to slow down to adjust to the shortage; then vari-

ous economic and political measures would have to be ap-

plied to stimulate the economies and eventually to restore

conditions to the point where the shortages could be allevi-

ated. In the world based on modern technology, the possi-

bility of a region's learning to live with the shortage and to

continue to develop is not very great; thus, the alleviation of

shortages becomes a process of competitive bargaining, re-

taliation, and blackmail, all of which deepen the confronta-

tion aspects of world system. The manipulation of the

pricing mechanism for resolving conflicts generated by

severe shortages of resources does not suffice. To find out

what developments would take place if more restrictive

measures are taken, we have analyzed a large number of

scenarios, which we have grouped into three sets: the

"squeeze" scenarios, the "retaliation" scenarios, and the

"cooperation" scenarios.

For the sake of simplicity we shall restrict our findings

to the two most directly affected world-region aggregates:
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the Developed World (Regions 1 through 4) and the Mid-

dle East (Region 7). The performance indicator of the

Developed World will be the gross regional product attained

in the year 2025. The performance indicator for the Mid-

dle East will be the gross regional product in 2025 plus

the outside wealth accumulated by that yeari-Jr"""^ —
The principal options that the Middle EasTcan exercise

in its competition with the Developed World are price

changes and production regulation. The options for the

Developed World include a set of "peaceful" measures

—

such as the development of alternative energy sources and

a reduction in oil consumption—as well as "retaliatory"

measures—such as raising the prices and taxes of export

goods needed in the Middle East to correspond to increases

in the price of imported oil.

In the first, or "squeeze," scenario, we assume that the oil

exporters are withholding the supply of oil, as they did late

in 1973 (Fig. 8-1). The oil embargo of that year, however,

was to a significant extent politically motivated in order to

achieve a temporary objective. In the first scenario we take

the view that constraints on production are introduced as a

matter oi^ long-term economic policy aimed at securing maxi-

mum ftonomic gain in absolute terms. In other words, we
assume that production constraints are used for the long-

term benefit of the producing region.

But in the first scenario production constraints are not

applied immediately. Eventually, they must be applied, lest

the Middle East deplete all of its reserves, which would

not, of course, be in the best interests of the region. But in

the first stages of the scenario, the Middle East does supply

what the world demands from it in oil. Profiting from the

optimal price policy (a 3 percent annual price rise until
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the optimal price level of about 50 percent greater than the

initial price is attained), the Middle East receives a flow of

capital sullicient to ensure regional economic growth; the

region also is able to secure a "healthy" accumulation of

foreign capital. When the annual demand reaches 14 bil-

lions barrels,* production level is kept constant, since a fur-

ther increase would rapidly deplete the remaining oil re-

serves. At this point, according to our computer analysis, a

real oil shortage develops and persists until the user's tech-

nology makes adjustments (such as the development of

mass transportation systems) to compensate for the short-

age, and until new energy sources (nuclear, coal gasifica-

tion, geothermal, solar, etc.) can be introduced. While the

Middle East proceeds on an apparently regular path of

growth, the Developed World is hit badly.

The Developed World suffers because its economy, which

adapts to steady increases in prices rather well, responds

very poorly to a sudden reduction in physical inputs,

especially energy resources. When a physical shortage per-

sists, a relatively long period of little or no growth occurs

until a balance is restored, or the shortage is compensated for

by other developments. If the Middle East cuts off its oil

production at 14 billion barrels per year, the gross regional

product of the Developed World would reach "only" $7

trillion at the end of the 1975-2025 period. At the same

time the Middle East will achieve a respectable GRP of $1.8

trillion—almost the same as it would be without a produc-

Tfiis production restriction is relatively fnild. Without restriction

Middle East oil production would, according to our analysis, reach about

17 billion barrels per year in 2015. Thereafter, ymough, it would rise

quickly, reaching nearly 25 billion barrels in
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tion ceiling. Of course, the sluggishness of the Developed

World's economy will cause the Middle East to lose much

of its accumulated wealth, but the larger amounts of oil

remainingjn th^.gK)und must be considered a compensating

factor. _^^ -

—

^

The first scenario (Fig. 8-1) assumes that the Developed

World adjusts to increased prices as well as to supply restric-

tions by purely internal mechanisms; it takes no initiatives,

takes no preventative measures, makes no attempts to antic-

ipate likely future developments in order to influence the

course of events. In other words, the scenario assumes a

purely passive response. Such behavior certainly is plausible;

indeed, history is filled with such examples. Yet purely re-

active measures are not the only possibility. Anticipatory

actions must also be considered.

If the Developed World anticipates price increases and

production constraints on the part of the Middle East, it

may choose to apply retaliatory actions. The Developed

World may try to become self-sufficient in energy resources.

Or, it may increase the cost of exports—of capital goods in

particular—in proportion to the increased price and con-

trolled supply of oil. We have analyzed a number of "retalia-

tory" scenarios with our computer model. Under conditions

prevailing in these scenarios, the oil shortage would not last.

At least in the immediate future, the Developed World

probably eould—at enormous expense—provide for its oil

needs with regional sources. The increase in the cost of-capi-

tal goods coupled with the oil price rise would slow down
the economic development of the Middle East and cut dras-

tically into that region's accumulated wealth. In typical

retaliatory scenarios (Fig. 8-2), the Middle East would lag

only slightly in economic development—reaching $1.6 till-



Figure 8-1 Analysis of World Oil Situation and Its

Economic Impact — Scenario 1

The principal characteristic of this scenario Is a withholding

of oil production by the Middle East Region according to a
schedule that includes a ceiling at about 14 billion barrels per
year. Graph A shows how the price of oil is assumed to change,

reaching an "optimal" level in a 3 percent annual increase,

and how the portion of energy demand covered by oil changes
over_ the years: the total oil world trade and world oil deficit

aS/determined by the model is also shown. Graph B shows how
aOme important oil-producing regions share in the world prO'

\ /Auction. Graph C shows the gross regional product achieved

by the two main protagonists: Region A (Developed World Re'
gions 1, 2,3, and 4 aggregated) shown by Curve 1 and Region
7 shown by Curve 2. Curves 3 and 4 indicate the portion of the

total capital in the developed world which could be acquired

by Region 7 under two extreme assumptions regarding the

management of excess oil revenues.

The scenario indicates a steady economic growth of Region
7 but a setback for/Region A as a result of "oil squeeze" at

different times, y
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F(guro^8-2 Analysis of World Oil Situation and

^

/ Its Economic Impact — Scenario 2

The principal characteristic of this scenario is "retaliation"

by the Developed World Region against oil price increases

imposed by the Middle East Region in the sense that the in-

crease in the cost of export of investment goods is linked with

the increase in oil cost. Graph A gives the price of oil, which
is assumed to reach an "optimal" level in a 3 percent increase,

9nd the portion of energy demand covered by oil together with

Ahe total oil world trade and world deficit in oil as determined

/ by the model. Graph B shows how some important oil-produc-

ing regions share in the world production. Graph C shows
the gross regional product achieved by the two main protog-

onists: the Developed World Region, shown by Curve 1, and
the Middle East Region shown by Curve 2. Curves 3 and 4

indicate the portion of the total capital in the developed world

which could be acquired by the Middle East under two extreme
assumptions regarding the management of excess oil revenues.

The scenario shows that the wealth accumulated by the

Middle East Region will be much less than in Scenario 1.
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lion level by 2025, compared with $1.8 trillion in the first

scenario—but the reduction in the Middle East's accumu-

lated wealth would decline below $1 trillion. '^^ The Devel-

oped World, faring much better thtin in the "squeeze"

scenarios, would surpass the $8 trillion GRP level by 2025.

In fact, it is quite possible that the Middle East, subjected

to the retaliatory actions of the Developed World, would

relax its production restrictions, thus, again, serving its

short-tem^nee^only, and exhausting its oil reserves rather

[uickly.

Thc"''5T!ernative to these two conflict-scenarios, in which

each side in turn attempts to take decisive advantage of the

weakness of the other, is the "cooperation" scenario (Fig.

8-3). In order to assess what either side might have to sac-

rifice by cooperative action, we have specified a scenario

with these characteristics: the price of oil and oil consump-

tion as a percentage of total energy demand follow the same

courses as in preceding cases. The optimal price increase

level is retained. However, in the cooperation scenario, the

Middle East does not resort to a production ceiling, but

rather responds to the demand in correspondence with the

optimal price level. The Developed World does not increase

the cost of capital goods beyond the rise demanded by nor-

mal economic forces. The Developed World does not under-

take a deliberate crash program to establish self-sufficiency

in oil, although it does proceed at a normal pace to develop

regional oil resources and alternative sources of energy.

Finally, the Middle East reinvests all accumulated excess

If thr^iddle East region resorts at the same time to "squeeze" by

withhi^fding production, the accumulated wealth would be even further

r^rfuccd to $400 billion while the Developed World would reach only $7

•inllion.
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oil revenues in the Developed World: this not only prevents

a further currency drain from the Developed World but it

also establishes a real partnership between the economies of

the oil-producing and oil-consuming regions.

The analysis of the cooperation scenario yields rather

astonishing conclusions. The Developed World retains its

relatively high level of growth as indicated in the retaliatory

type scenarios: $8.2 trillion in 2025, while the Middle East

preserves the advantages of the squeeze scenarios reaching

$1.8 trillion and the accumulation of twice the outside capi-

tal as in some conflict scenarios (between 7 and 10 percent

of the Developed World's capital by 2025).

Our computer analysis indicates, as before, that global

cooperation offers much better conditions than conflict for

all concerned. But, no computer can predict whether men
will be rational enough to follow this path; however, the

computer does give rational men all the evidence they need

to convince other men that the emergence of a new world

system is a matter of necessity, not preference, and that that

system must be built on cooperation. Cooperation is no

longer a schoolroom word suggesting an ethical but elusive

mode of behavior; cooperation is a scientifically support-

able, politically viable, and absolutely essential mode of

behavior for the organic growth of the world system.

And cooperation, finally, requires that the people of all

nations face up to an admission that may not come easy. Co-

operation by definition connotes interdependence. Increasing

interdependence between nations and regions must then

translate as a decrease in independence. Nations cannot be

interdependent without each of them giving up some of, or at

least acknowledging limits to, its own independence.

In late 1973 a government spokesman declared, "We



Figure 9-3 Analysis of World Oil Situation and Its

, Economic Impact — Scenario 3

/

The principal characteristic of this scenario is cooperation.

The flow of oil from the Middle East Region is unimpeded and
the export-import between the regions is governed solely by
the economic forces without undue interference from the pO'
litical level. Graph A gives the price of oil, which is assumed
to reach an "optimal" level in a 3 percent annual increase, and
the portion of energy demand covered by oil, together with the

total oil world trade and world deficit as determined by the

,model. Graph B shows how some important oil-producing

regions share in the world production. Graph C shows the gross

regional product achieved by the two main protagonists: the

Developed World Region shown by Curve 1 and the Middle
East Region shown by Curve 2. Curves 3 and 4 indicate the

portion of the total capital in the developed world which could
be acquired by the Middle East Region under two extreme as-

sumptions regarding the management of excess oil revenues.

The scenario clearly shows the advantages of cooperation

. to the Middle East Region in terms of accumulated wealth and
tathe Developed World Region in terms of uninterrupted growth,

^ooperaton is obviously a superior strategy tor all concerned.
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shall bear all sacrifices to preserve our independence. Inde-

pendence is our most sacred heritage in the very foundation

of our nation." Was he referring to a former colony trying

to liquidate the remnants of a colonial age, or to a small

nation dominated economically and trying to stave off neo-

colonialism? No, the nation is one of the world's most

powerful—the United States—and the statement acknowl-

edged, even if unintentionally, the dawn of an era of limits

to independence—evenjdr the strongest and biggest nations

of the world, \ /^S



CHAPTER 9

The Only Feasible Solution

"Morally it makes no difference whether a

man is killed in war or is condemned to starve

to death by the indifference of others."

—Willy Brandt

before the United

Nations General

Assembly 1973.

The most precious of all resources is food. Given even the

most optimistic projections for population growth during

the next fifty years, the worldwide demand for this resource

will increase severalfold. But to grasp the seriousness of the

food problem and to comprehend the strain the demand for

food will impose on the world system, one does not have

to look into the future at all: the situation is already critical.

Here are several observations that illustrate the existing

situation:

According to a UNESCO estimate, between 400 and

500 million children suffered from malnutrition and starva-

tion in 1973. Ghastly as that figure is, it describes a state

of affairs that is not new. It has been calculated that the

availability of food per capita worldwide has not increased

since 1936 and actually decreased in the last decade.*

M. Guernier, "Perspectives alimentaires de Van 2000," personal re-

port to the Club of Rome, 1974.
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Ten years*ago, world focxi stockpiles for emergency re-

lief amounted to an eighty-day supply. Today those reserves

are sufficient for only thirty days' consumption—a nearly

threefold reduction."^

Before World War II, the world was about evenly di-

vided into regions that imported food and regions capable

of exporting food. Since the war, some regions—most sig-

nificantly Latin America and Eastern Europe—that were

exporters have become importers. Moreover, according to

present estimates, only North America and Australia re-

alistically can be considered major potential sources of food

supply.

The vital question is whether the precarious world food

situation is a temporary phenomenon—perhaps the result

of an oversight—or a persistent problem. If the latter is the

case, the urgent issue is to determine what alternative strat-

egies are available with which to achieve a sustainable

solution.

We have analyzed the global food problem with our

world model, and our analysis indicates that the historical

pattern of development will make the food supply situation

increasingly worse. And since the present situation is al-

ready producing catastrophic crises (as current develof>-

ments in South Asia and Africa demonstrate), any further

aggravation of the problem can only be regarded as apo-

calyptic.

In order to determine a suitable strategy to deal with

the problem, we have investigated a number of alternatives.

From all of the scenarios we were able to distill some basic

• L. Brown. "An Exchange on Food,** Foreign Policy Association Re-

port No. 14, 1974.
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ingredients that must be incorporated into any strategy

aimed at the solution of the world food crisis. Before pre-

senting our conclusions, however, we should point out some

of the specific features of our world model relevant to the

problem of world food supply.

The diets of the people in various parts of the world differ,

depending, of course, on the availability and type of food in

the various regions, and on climate and even cultural fac-

tors. Our model is region-specific in terms of diet which is

described in reference to twenty-six different types of foods.

The model also evaluates the importance of lack of essential

diet components (such as protein) on the various popula-

tions. Although we are dealing with a *'world food prob-

lem," the regionalized structure of the model is significant

because it allows us to analyze the relationship between the

location of actual food supplies and the location of actual

food and nutrition deficiencies. For example, there may be a

great potential for increasing the production of prime beef

in Latin America, so much so that Latin America could be-

come one of the world's leading exporters of this major

source of protein. South Asia is protein-poor. Now if we were

dealing in raw statistics or on a non-selective worldwide basis

—that is, if we had not used a comprehensive computer

model, or if we had viewed the world as a homogeneous sys-

tem—we might conclude that Latin America's ability to

produce protein-rich food could somehow be applied to

bolstering the diet of protein-poor South Asia. Needless

to say, Latin America's protein is virtually useless in South

Asia, where diets do not include beef. Thus, regionalization

of the food problem is a prerequisite for any realistic treat-

ment.

Our model also permits a comprehensive approach

—
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that is, an approach based on study at every level of tho

world system. Too often the question of world food sup-

ply is considered solely within the confines of economics.

In that context it has been stated that all we need is a 3

percent annual increase in the agricultural output of the

world economy to feed the population. However, one does

not eat dollars but grains; the real question is how much
food can actually be physically produced. Nor can a labora-

tory approach solve problems since the problem is not what

a "wizard" could do, if he could transform all arable land

in the world into a greenhouse. We need rather to determine

what can be produced with land of the type and amount

available and with existing economic and human resources.

We know, for example, what can be done with fertilizer

(Fig. 9-1 ), but as we have mentioned previously in this re-

port, the availability of fertilizer is affected by such seem-

ingly unrelated phenomena as pleasure-driving in the Devel-

oped World. In short, one has to look comprehensively and

carefully into the entire world system. Assessing the devel-

opment of the world food supply on the basis of laboratory

or experimental results leads to rather naive, if not down-

right irresponsible, conclusions. After all, human lives de-

serve better than cavalier treatment. Hence, the laboratory

approach is also fully inadequate.

The conflicts which might arise from the finiteness of

the world food supply are deeper than the conflicts con-

sidered in earlier chapters. It is truly a struggle for sur-

vival. The resolution of the conflicts cannot be limited to

economic means (as was the case in less serious situations

considered in the preceding chapters), but must involve all

aspects of social and individual behavior.

The most critical gap between food need and food supply



\on Increase in Agricultural Yield

Increase iiyihe agricultural production of a given amount of

arable land depends on two types of factors: f. use of tech-

nological inputs such as fertilizers, improved seeds, pesticides,

etc.; 2. increase In agricultural capital, resulting in improved

mechanization, irrigation, infrastructure, etc. To represent this

complex relationship we have used a family of curves (see A).

For a given capitalization the yield increases on a diminishing

return to scale curve as the technological input increases; as

the capitalization changes the yield-technological input curve

changes. The heavy line in A shows an example of the in-

crease in yield as a result of a policy of increased capitaliza-

tion and increased technological input.

The historical data for South and Southeast Asia giving the

increase in yield achieved over the last two decades and the

corresponding use of fertilizer is shown in B.

6 8 10 12 14
Fertilizer, Kilograms per Hectare



Figure 9?? Population Growth and Protein

Situation if( Region 9 (South and South East Asia)

for "Standard" Scenario
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The "Standard" Scenario Is based on the assumption that a
population policy is initiated that leads in about fifty years to

equilibrium fertility. Thereby, the population grows from 1.3

billion in 1975 to 3.8 billion in 2025 (Curve 1) while the growth

rate of this region declines from a little over 2.5 to 1 percent

(Curve 2). It is furthermore assumed that the population is ade-

quately fed. and thus no starvation would slow down the popu-

lation growth. Then the protein needs (Curve 3) of South Asia

would increasingly surpass her own protein production (Curve

4) so tha^fthe end ol the fifty-year period considered, the pro-

tein daffcil (Curve 5) is larger than her own estimated protein

prod^tion of around 50 million tons. The grain import neces-

set-to cover this protein deficit (due to the fact that more than

percent of all the protein consumed in South Asia Is of vege-

^table origin this is also a calorie deficit) would increase to about

a hall billion tons annually by 2025 and would continue to grow.

This amount is twice the present North American grain crop, and
even if it were available tor export to South Asia, It would pose
practically insurmountable transportation and distribution proty-

lems. The increase of the regional production in South Asia

is based on making all potentially arable land available for

cultivation and on achieving a steadily rising yield per heC'

tare. These production levels assume productivity comparable

to that achieved by introduction of improved grains^ the

"Green Revolution" — on the best irrigated land irr4nd^which

is probably an overly optimistic assumption. \jr
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exists today in South Asia and Tropical Africa. Because of

the sheer numbers of people affected, the problem is greatest

in South Asia, and we shall illustrate our findings in refer-

ence to that region. Our conclusions, however, are applica-

ble to Tropical Africa and to any other needy region.

The purpose of the first, or standard, scenario is to pro-

vide a clue to the persistency of the food deficiency problem

during the next fifty years. The scenario assumes that the

historical pattern of development based on a somewhat opti-

mistic view of the past and present situation will continue.

As before, this optimism is reflected in our population esti-

mates. We again assume that an equilibrium fertility level

will be attained in about fifty years. We also assume,

quite optimistically, that the average use of fertilizer per

hectare in the entire region will surpass the present North

American level toward the end of the fifty-year period. At

that time South Asia alone will consume more fertilizer

than the whole world consumed in 1960. Assuming that

the fertilizer is used on every piece of land under cultivation,

the yield per hectare will increase by about 1000 kilograms

—approximately the increase that the Green Revolution

brought to the best lands in India and Pakistan in recent

years, before the supply of fertilizer began to dwindle. Still

proceeding optimistically, we assume that all remaining

arable land in South Asia is quickly brought under cultiva-

tion, and that all technological inputs, such as irrigation

systems (which must accompany the fertilizer to produce

high-yielding grain), will be available as needed. Finally,

we have assumed that no mass starvation takes place. The
difference between the food needs of the region and the

food production in the region dictates the quantity of food

that must be imported and is assumed to have been made
available by other regions.
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Because protein deficiency is already the most serious

aspect of the present food supply situation, we have focused

our attention on the total protein content of the food avail-

able or needed. In more than half the world, the protein

content of the average diet is about two thirds of the daily

need, and the consumption of animal protein is hardly one-

fourth the required.* Furthermore, since the food supply in

South Asia is primarily grain, there is a close relationship

between protein and caloric intake. If one is low, so is the

other.

Our computer analysis, pregnant with optimism, shows

clearly that the food crisis in South Asia will worsen. In

spite of all the advancements assumed, the availability of

fertilizer and land assumed, the lack of intervening disaster

assumed, the protein deficit will continuously increase; by

the year 2025 it will be up to 50 million tons annually. Such

deficits could never be closed by imports: to pay for that

quantity of imports, South Asia would have to spend one

third of its total economic output, and three times what it

earns from exports. But even if South Asia had that kind of

money, the physical problems of handling those quantities of

food would be incredible. In one year the region would then

have to import 500 million tons of grain

—

twice as much as

the total tonnage of all goods now being shipped overseas

from the United States. And that is assuming that that quan-

tity of grain would be grown for export elsewhere—500 mil-

lion tons, after all, is larger than the total grain production of

the entire Developed World. Moreover, these quantities

would have to be delivered every year, in ever increasing

amounts, without end. In sum, it would be impossible.

• See Alexi Pokrovsky in Ceres, Notember-December 1972.
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But what would happen if those imports were not avail-

ible? That question forms the basis of our second, or

tragic," scenario. All of our optimistic assumptions have

emained, except that we assume that importation of grain

vill not be part of the picture. The catastrophe would start

n the early 1980s and peak around 2010: deaths related

the food shortage would be double the normal death

ate.* Thereafter, the death rate will decline, but only be-

:ause the earlier deaths reduced the birth rate for a later

eneration. Or, to put it more cruelly but simply, the peo-

)le who would be having babies died when they were babies,

he number of food-related deaths in the fifty-year period

nding in 2025 would be, in the age 0-15 group alone,

bout 500 million children. With the death rate increased

equal the birth rate, as in medieval times, an equilibrium

)opulation actually would be restored eventually, but clearly

his is no way to achieve that end; there is indeed no reason

assume that the affected peoples would stand for it. In

uch a situation starvation would extend its strangling hold

)ver vast regions inhabited by hundreds of millions of peo-

)le. The population would appear to be trapped, since there

vould be no fertile areas to go to (as the present events in

Africa have shown); vast populations would slowly deteri-

)rate. There is no historical precedent for this kind of slow

iestruction—the massive, agonizing reduction of the popula-

ion of an entire world region once inhabited by several

)illion people! •

In the third scenario we investigated the possibility that

he region could become self-sufficient in food by 2025. To
ichieve this, regional investment would be shifted from, in-

• See Appendix III (E) on "Starvation and Mortality.*'
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Ihe graph depicts with a horizontal straight line (1) the total

daily pro'.ein needs per person ol seventy grams, and by Curve
2 the daily regional per capita protein supply (vegetable plus

very low animal protein, see Curve 4), and the daily per capita

protein deficit. Curve 3, that would exist if South Asia's popu-
lation were to grow (without starvation-induced higher mortal-

ity) from 1.3 to 3.8 billion. If the imports needed to cover this

protein deficit were not forthcoming, starvation would take a
heavy toll,, particularly among children. Curve 5 shows the

number of annual child deaths to be expected then (popula-

tion would grow only to about 3 billion), and Curve 6 the an-

nual number of deaths of children, if sufficient food were pro-

vided through imports. About the mid-1980s Curve 5 begins
to rise steeply over Curve 6. The decline in the number of

child deaths from 2010 exists because, with the exceedingly
large number of child deaths after 1985, the age structure of

the population is changed so that the children's portion of

the total population has drastically diminished, leading, with

a fifteen to twenty year delay, to a considerable decrease in

the number of fertile women. The total aggregate number of

additional child deaths up to the year 2025 amounts to more
than a half billion. Of course, these figures should not be taken

as forecasts: they are given solely to provide the reader with^
a well-considered estimate of the order of magnitude of hurft^
suflering which is in store for South Asia if the prot^lQ/tis of

population growth and food supply are not solved. )(
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dustry to agriculture; virtually all monies now being spent

for industrial development would be invested in farming.

The computer analysis shows that the grain yield per hectare

vyould rise initially more quickly than under normal condi-

tions, reach a peak around the turn of the century, then

decline. By 2025 the grain production of the region would

not be larger than it would have been without the shift in

capital from industry to agriculture. For without an indus-

trial base, the region's economy would be eroded; unem-

ployment would rise to unmanageable proportions; and

social and political chaos would wreck the fabric of the

region long before 2025.

For our fourth scenario we returned to a population pol-

icy to see if a more effective one could help make the food

picture for South Asia less bleak. In this scenario we as-

sumed that an equilibrium fertility rate is achieved in only

'fifteen years. Special attention is given to agriculture, but

not so much that the industrial sector is destroyed. The

analysis indicates that malnutrition could not be avoided

without importation of food. Imports would not be so un-

manageably great as in the earlier scenarios, however, and

would not become essential until later in the period. The
imports would amount to about one fifth the requirements

of the first scenario. The cost of importing so much food

would still be prohibitive. But at least the problem has,

at last, been reduced to economics.

In the fifth scenario, investment aid is provided to South

Asia in sufficient amount and at the time needed to close

the food-supply gap and the export-import imbalance. The

magnitude of such a program will require a concerted effort

by the entire Developed World. The export potential of

South Asia would be increased substantially, and the world
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jconomic system would have to be modified so that South

\sia could pay from exports for most of its food imports,

rhese exports would have to be industrial, since the regional

:ood demands obviously will absorb the local agricul-

:ural output. But to make this scenario feasible, the De-

/eloped World must help South Asia to develop its own

exportable and competitive industrial specialization.

Scenario five—the only way to avert unprecedented di-

;aster in South Asia—requires the emergence of a new

global economic order. Industrial diversification will have

to be worldwide and carefully planned with special regard

for regional specificity. The most effective use of labor and

capital, and the availability of resources, will have to be

assessed on a global, long-term basis. Such a system cannot

be left to the mercy of narrow national interests, but must

rely on long-range world economic arrangements.

In summary, the only feasible solution to the world food

situation requires:

1. A global approach to the problem,

2. Investment aid rather than commodity aid, except for

food.

3. A balanced economic development for all regions.

4. An effective population policy.

5. Worldwide diversification of industry, leading to a

truly global economic system.

Only a proper combination of these measures can lead to

a solution. Omission of any one measure will surely lead to

disaster. But the strains on the global food production ca-

pacity would be lessened if the eating habits in the affluent

part of the world would change, becoming less wasteful.

The situation is more than urgent. Even our "solution"

requires drastic, unprecedented changes in the world system.
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These changes cannot be effected without compromise on

the part of the other regions. Even if there is willingness

to work toward a solution, such compromises require a lot

of time. In this case there is no time. Our analysis shows

that if the population policy is less stringent and the transi-

tion period is extended from fifteen to thirty-five years, the

number of accumulated child deaths in the fifty-year period

will increase by 80 percent. If we wait twenty years to im-

plement a policy with a transition period of 15 years,* there

will be, between 1975 and 2025, an increase in child deaths

of 300 percent!

The most thorough analyses of a large number of scenarios

using our world system computer model lead to the in-

escapable conclusion that mankind's options for avoiding

catastrophe are decreasing, while delays, in implen^^nting

the options are, quite literally, deadly.

* This is a truly stunning differenc^f although both population policies

lead in the year 2010 to an equilibrium fertility rate.

V



CHAPTER 10

Faustian Bargain:

The Ultimate Technological Fix

The human race is getting to he too much for itself

and too much for the world.

—William Saroyan

I

There are many views on the current energy crisis. On one

hand it is argued that the energy crisis is "merely" a techno-

logical problem surely to be solved by yet another of the

technological "fixes" which have always worked wonders;

on the other hand the energy crisis is considered as a prelude

to deep societal problems whose solution will require not

only institutional and social changes but also a change

in the very life-style of individuals and the relationship of

man with nature.

There is little doubt that we are at present deeply im-

mersed in a global energy crisis that will become worse

before getting any better. It has become equally apparent

that the solution to that crisis must be long term, governed

by anticipatory thinking; the sheer size of the new techno-

logical edifice to be constructed will not allow an easy dis-

mantling and a quick change in a new direction if a solution

130
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selected on short-range considerations proves inadequate.

The current decisions regarding which option is taken for

the solution of the energy crises are therefore most impor-

tant since we will have to live with the consequences of

I

these decisions for some time to come. Extra careful plan-

ning and an explicit recognition of all kinds of costs and

risks involved must therefore be undertaken.

A technological optimist's view holds that the solution of

the energy crisis will ultimately be found in nuclear energy.

In twenty-five years, nuclear fission could carry 30 per-

cent of the energy load of the Developed World (Regions 1,

2, 3, and 4), which means that nuclear energy then will

approximate today's total energy requirements in these in-

dustrialized regions. In the short run, liquid fuel must be

reserved for transportation and must not be "wasted" for

heating or other non-essential uses. Gas exploration must

be intensified, and where discovery of gas falls short, coal

should be gasified to fill the gap. While we are waiting for

nuclear energy to bear the entire load, we should be able

to engineer "secondary" extractions from "exhausted" oil

wells and to exploit the potential of tar sands and oil shale.

In fifty years or so, the combination of "fast-breeders" with

high-temperature gas-cooled reactors and hydrogen technol-

ogy should satisfy all of our energy needs; it will even pro-

vide liquid fuel for transportation. Thus, the energy crisis

will create only a slight dent in our economic growth—a bit

of temporary shifting from consumption to investment—but

on the whole, economic growth, including a further increase

in energy consumption, can continue.

The problem with this prescription is that it makes the

solution of a societal problem based solely on isolated tech-

nology look like a panacea. However, a solution can be
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found only by considering the entire system—all aspects of

our world model, from environment to individual values

and attitudes. Even now our technological edifices are gi-

gantic; they do not lend themselves to easy dismantling and

change. Perhaps, somewhere, someone is developing an al-

ternative source of energy; but unless he also invents a

system to replace the supporting network designed to service

and be serviced by this new source, his better source won*t

be better at all because it won't be feasible.

Assume, as the technology optimists want us to, that in

one hundred years all primary energy will be nuclear. Fol-

lowing historical patterns, and assuming a not unlikely

quadrupling of population, we will need, to satisfy world

energy requirements, 3000 "nuclear parks" each consisting

of, say, eight fast-breeder reactors. The eight reactors, work-

ing at 40 percent efficiency, will produce 40 million kilo-

watts of electricity collectively. Therefore, each of the 3000

nuclear parks will be converting primary nuclear power

equivalent to 100 million kilowatts thermal. The largest

nuclear reactors presently in operation convert about 1

million kilowatts (electric), but we will give progress the

benefit of doubt and assume that our 24,000 worldwide

reactors are capable of converting 5 million kilowatts each.

In order to produce the world's energy in one hundred years,

then, we will merely have to build, in each and every year

between now and then, four reactors per weekl And that

figure does not take into account the lifespan of nuclear

reactors. If our future nuclear reactors last an average of

thirty years, we shall eventually have to build about two

reactors per day simply to replace those that have worn •

out. The implications of such a development in the Devel-

oped World will be even more pronounced, as it is shown

^

in the case of the United States in Fig. 10.1.
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For the sake of this discussion, let us disregard whether

this rate of construction is technically and organizationally

feasible in view of the fact that, at present, the lead time

for the construction of much smaller and simpler plants is

seven to ten years. Let us also disregard the cost of about

$2000 billion per year—or 60 percent of the total world

output of $3400 billion—just to replace the worn-out re-

actors and the availability of the investment capital. We
may as well also assume that we could find safe storage

facilities for the discarded reactors and their irradiated ac-

cessory equipment, and also for the nuclear waste. Let us

assume that technology has taken care of all these big prob-

lems, leaving us only a few trifles to deal with.

In order to operate 24,000 breeder reactors, we would

need to process and transport, every year, 15 million kilo-

grams of plutonium-239, the core material of the Hiroshima

atom bomb. (Only ten pounds of the element are needed

to construct a bomb.*) As long as it is not inhaled or

otherwise introduced into the bloodstream of human beings,

plutonium-239 can be safely handled without any significant

radiological hazards. But if it is inhaled, ten micrograms ^

of plutonium-239 is likely to cause fatal lung cancer.

A ball of plutonium the size of a grapefruit contains

enough poison to kill nearly all the people living today.

Moreover, plutonium-239 has a radioactive life of more

than 24,000 years. Obviously, with so much plutonium on

M. Willich and T. B. Taylor, Nuclear Theft, Risks and Safeguards;

A Report to tj^e Energy Policy Project of The Ford Foundation (Cam-

bridge. Mass.^ Ballingcr Publishing Company, 1974).

t One rotcrogram = one millionth of a gram.

/
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hand, there will be a tremendous problem of safeguarding

the nuclear parks—not one or two, but 3000 of them. And
what about their location, national sovereignty, and juris-

diction? Can one country allow inadequate protection in a

neighboring country, when the slightest mishap could poison

adjacent lands and populations for thousands and thousands

of years? And who is to decide what constitutes adequate

protection, especially in the case of social turmoil, civil war,

war between nations, or even only when a national leader

comes down with a case of bad nerves. The lives of millions

could easily be beholden to a single reckless and daring

individual.

We need hardly belabor the point. A technological fix

might very well become a Faustian bargain—and worse,

for we would be selling not merely our soul to satisfy our

immediate comfort needs, but the well-being and perhaps

the very existence of generations still unborn. Most absurd,

and ironic, however, is the fact that although the nuclear

option is not the only option, and it is not inevitable, the

Faustian bargain is being made almost unnoticed. In the

process, other options are being foreclosed. It probably will

develop that the nuclear option will not be completed: the

barriers mentioned above would seem to be insurmountable,

or not worth surmounting. But for not having tried any

alternative, more feasible choices, the world may have to

pay a terrible penalty.

The main attractiveness of the optimists' suggested solu-

tion to the energy crisis is that it is purely technological. But

as we have consistently stressed, the problem itself is not

purely technological. The problem is political, social, even

psychological. The North American region, with only 6

percent of the world population, is presently consuming 30
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percent of the world's energy. As shown by previous analyses

with our model, the developed industrialized world is buying

time to develop alternative sources of energy—buying time

not by significantly reducing its consumption of energy, but

by consuming in decades what took millions of years to

form, and using global resources at the expense of less for-

tunate regions. As a result, the gap between "North" and

"South'* will be increasing, making it even less likely that

the developing regions will ever catch up with what is re-

ferred to as the "developed" world. And the distance will

be increased by using the resources from the regions that

are being outpaced, since the dependence of the developed

regions on essential resources from outside their own regions

will increase considerably. Even if such a development were

possible, by force or persuasion, is it desirable?

Can this aspect of the energy crisis have a technological

solution? Does holding up the panacea of technology and

asking people to have faith in its magical powers nourish

the poor in India and in Africa? We have proven, by logical

and factual analysis, that delay is deadly, that delay com-

pounds crisis, that problems postponed are problems that

may very well become insoluble, and yet we are asked to

rely solely on technology to do the job sometime in the

future.

However optimistic one might allow himself to be about

the prospects for a rational approach to energy conserva-

tion over the next fifty years, ,one does have to admit, based

on all available evidence, that energy demand will increase

substantially. That being the case, alternative solutions to

the Faustian bargain will have to be found.

We have used the regionalized world model to analyze a

number of scenarios. A rather extensive analysis of historical
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trends in energy demand in all ten regions is used as a basis

for alternative paths of future demands. (See Fig. 10.2.)

Any scenario that seems to lead to a satisfactory solution

to the energy crisis on the technological, economic, and

socio-political levels must successfully combine three strat-

egies in reference to the short, intermediate and long-term

problems. The scenario which our analysis indicates as

preferable is characterized by the following: The short-range

strategy must ensure that enough oil flows from the oil-ex-

porting regions to maintain the socio-economic stability of

the oil-importing regions. In exchange for their cooperation,

the oil producers are guaranteed a permanent role in the

energy supply industry in the post-oil era. The intermediate

strategy supplements primary energy sources with coal, gas,

and liquefied coal. The long-term strategy is based on solar

energy. In order to secure the cooperation of the oil-produc-

ing regions, and also to construct a balanced global econ-

omy, the necessary solar energy farms are built in the oil-

producing regions. In this way the long-term strategy will

keep the promise of the short-range strategy.

The short-range strategy refers to the coming decade; the

intermediate strategy applies to the period between ten and

twenty-five years in the future; and the long-term strategy

should begin with the twenty-first century.

The advantage of maintaining a continuous flow of oil

from the oil-producers to the oil-consumers in the immedi-

ate future should be obvious. Within the next ten years

nuclear energy will contribute comparatively little to the

solution of the energy crisis.

Coal, for all its limitations, is a reasonable temporary

supplement to the world's energy resources in the period of

transition: it is efficient, and there is plenty of it. At present,
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the total of known and identified coal reserves is more than

4500 billion tons worldwide. If the world population reaches

and is maintained at, say, 10 billion (compared to 3.6 bil-

lion in 1970), and if the world's people can be persuaded to

consume a per-capita average of about 4 kilowatts (thermal)

jn energy,'"' then the present stockpile of coal will last beyond

the year 2100. The use of coal does present problems: its dis-

tribution is regionally peculiar; it is cumbersome and it does

not burn as cleanly as oil and gas. But it is there, and it can

be shipped, and it can even be made to burn cleaner (espe-

,cially in its liquefied state). Moreover, its use for heating

would extend the life of the world's oil reserves, and oil,

freed of the dirty work, could lend itself to enterprises where

it could do the most good: the making of fertilizer^ synthetic

fibers, protein, and so forth.

r Inasmuch as one hundred years should be ample time for

the development of all the necessary solar energy technology

and hardware, nuclear energy—the technology optimists

magical and dangerous solution—may fiever be needed.

All things considered, solar energy is more satisfactory than

nuclear energy. It is safer and cleaner, and might even be

cheaper (when the waste-accumulation, social and political

hazards, and environmental effects of nuclear energy are

calculated), and its paraphernalia can be erected with im-

punity in even the most irresponsible domain. If the solar

energy .farms are built, at first, Within the oil-producing

regions, and jointly financed by the producers and the de-

veloped regions, the revenues from oil exportation would

be reinvested in energy; the world monetary inflation would

* The average per-capita kilowatt consuoarption of energy in France

today is 4; in the United States, however,^e standard is 10 kw.
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be helped, too, by this joint venture. Even more importantly,

the energy-producing regions would remain energy-produc-

ing regions, even if and after their oil runs short. Thus

would the economic stability of the world system be served

leading also gradually to a limited worldwide decentraliza-

tion's! energy production.

\ To cover millions of acres with solar energy farms would

constitute the most extensive engineering undertaking of

all times. One percent of the world's land surface would

probably be required, and the cost ,of the land, pipelines,

and accessory equipment would probably cost between

$20,000 and $50,000 billion. The total annual output of

energy from the farms would be equivalent to about 200

billion barrels of oil. It would not, then, be cheap energy.

But if the output were hydrogen,* and if it was sold at a

price per heat-unit value corresponding to present oil prices,

then the revenues could be sufficient to cover the amortiza-

tion of the solar energy plants, which we are assuming have

lifetimes of thirty to forty years. Once solar energy is, so

to speak, mass produced, the costs of operating the farms

should diminish, and their lifetime surely can be extended

far beyond thirty or forty years.

The scientific feasibility of thermal conversion of solar

energy has been proven, but as far as engineering imple-

mentation is concerned, we are still at the beginning. If

governments are willing to fund research as generously as

energy farms will be situated far away from industrial centc ,

'therefore pipelines will have to join^mergy producer and user (as is

le case with oil). It is probable tha^^e plant will, through catalytic or

electrolytic processes, convert solA radiation into a transportable sub-

stance such as hydrogen. \^
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they funded nuclear energy, space exploration and super-

sonic aircraft, operational feasibility and economic reality

should be achieved rather quickly. So far, unfortunately, no

such funding is in sight. Perhaps it is because solar energy,

unlike nuclear energy, has no military potential.

As we propose the implementation of a program which

our world computer model suggests is feasible and desir-

able, we take certain things for granted. We assume that as

coal is reexploited as a source of energy, old, destructive

mining practices will give way to new procedures that will

restore the environment, not leave it barren. We assume

that coal gasification and liquefication plants will be built,

and will be joined by efficierit worldwide distribution sys-

tems. But mostly we assume—or at least hope—that our

life-styles will change, that we, the consumers, will under-

stand that our frivolous use of energy takes food from the

mouths of children. We assume that no one who knows the

situation will continue to call "economic growth" a system

that gives us more and more material goods while peoples

elsewhere starve. Those of us who live in the Developed

World have, we are told, the highest standard of living the

world has ever known. That assertion is made in reference

to the material goods we possess. But if we knowingly con-

sume less energy, if we deliberately own fewer goods, if we

consciously simplify our lives just a little so that others may
have only the minimal goods and food to be alive, then

what, really, will happen to our standard of living? Won't

the standard—the moral standard—^really rise?

We are not the Developed World; we are actually the

overdeveloped world. Economic growth in a world where re-

gions are underdeveloped is fundamentally contrary, to man-

kind's social, jnoral, organizational, and scientific Jgrowth.
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At this moment in history we are facing an enormously dif-.

ficult decision. For the first time in man's life on earth, he

is being asked to refrain from doing what he can do; he is

being asked to restrain his economic and technological ad-

vancement, or at least to direct it differently from before;

he is being asked by all the future generations of the earth

to share his good fortune with the unfortunate—not in a

spirit of charity, but in a spirit of necessity. He is being

asked to concentrate now on the organic growth of the total

world system. Can he, in good conscience, say no?
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Epilogue

The results of the computer analysis reported in this book

provide answers to the basic questions posed in Chapter 2 on

the conditions required for the solution of the major world

crises and the strategies leading to that solution. In par-

ticular, we have seen that:

1. The current crises are not temporary, but rather re-

flect a persistent trend inherent in the historical pat-

tern of development.

2. The solution of these crises can be developed only in

a global context with full and explicit recognition of

the emerging world system and on a long-term basis.

This would necessitate, among others changes, a new

world economic order and a global resources alloca-

tion system.

3. The solutions cannot be achieved by traditional means

confined to an isolated aspect of the world system, such

143
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as economics. What is really needed is nothing short of

a complete integration of all strata in our hierarchical

view of world development—that is, a simultaneous

consideration of all aspects of mankind's evolution

from individual values and attitudes to ecological and

environmental conditions.

4. // is possible to resolve these crises through coop^

eration rather than confrontation; indeed, in most

instances cooperation is equally beneficial to all par-

ticipants. The greatest obstacles to cooperation are

the short-term gains that might be obtained through

confrontation. Even if these gains are short-lived and

demonstrably lead to long-term losses, there is always

a pressure to go after these gains.

In general, the strategies for solution of the crisis in world

development demonstrate the necessity for organic growth

of the world system. Indeed, that appears to be the only

way to prevent major regional, if not global, catastrophes.

Furthermore, it is a "natural" way to control the undif-

ferentiated growth which is taking place in different ways

in various parts of the world. In such a case there would be

no need for special "no-growth" policies. On the other hand,

failure to develop a master plan which will allow mankind

to progress into organic development would make "surgical

measures" to control cancerous growth inevitable.

What are the immediate first steps which could be taken

on a social or individual basis and which can create an

atmosphere in which serious attempts to develop master

plans for organic growth can be undertaken? On the

societal level the necessary changes include:

1. The realization that coimterproductivity will be the

ultimate consequence of any action confined solely to
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short-term considerations. This must be accepted as

a basic premise in all decision-making processes. Long-

term assessment ought to become standard procedure

in the consideration of fundamental decisions regard-

ing developmental issues. Only in such a way can

organizations—businesses, governments, or interna-

'tional units—actively contribute and consciously in-

fluence the emerging world system. Otherwise they

might very well become nothing more than passive

passengers on a voyage charted by outside forces.

2. The futility of narrow nationalism must be appreciated

and taken as an axiom in the decision-making frame-

work. Global issues can be solved only by global

concerted action. For example, any nation that will

try to solve the pervasive problem of inflation by

actions limited solely to measures within its own
boundary will be doomed to disappointment. Simi-

larly, even if only a few countries resist such measures,

the eff"ort will almost certainly remain futile.

3. Development of a practical international framework

in which the cooperation essential for the emergence of

a new mankind on an organic growth path will become

a matter of necessity rather than being left to good will

and preference. Balance between constituent parts of

the world system is needed to achieve that end; among

other implications this suggests the need for stronger

regional arrangements and accelerated development

in certain parts of the world. Such developments are in

the best interest of all regions, i.e., the entire globe.

4. Realization of the overriding importance of the long'

term global development crises, as discussed in this

report, and willingness to place this highest on the
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agenda of the issues to be dealt with explicitly by na-

tional governments and international organizations.

Precisely because the symptoms of these global crises

might become fully visible only toward the end of

the century, the time to act is now; when the symp-

toms become clear the remedy will no longer be

possible, as has been shown repeatedly in this report.

Future history will not focus on personality and social

classes, as has been characteristic of history in the

past, but on the use of resources and survival of the

human species. The time to affect that history is now.

The last item requires certain elaboration: Governments

and international organizations are currently too preocr

cupied with military alliances and bloc politics. But this

problem is becoming of secondary importance, because a

nuclear war could clearly result in a suicidal holocaust and

can no longer be counted among rational alternatives. There-

fore, barring suicide, mankind will face the most awesome

test in its history: the necessity of a change in the man-

nature relationship and the emergence of a new perception

of mankind as a living global system. Failure to prepare for

such a development will surely increase national and re-

gional competition, leading eventually to ever more sharply

focused military polarization, and to increased likelihood of

tipping the balance toward a nuclear world war and thus

mankind's suicide. Hence, there is no more urgent task in

the quest for peace than to help guide the world system onto

the path of organic growth through the various stages of its

evolution through cooperation rather than confrontation.

Finding a way to avoid major confrontations, which will

surely come when any of the world-regions faces the prospect

of collapse, is a far greater contribution to peace than the

current haggling about boundaries and alliances.
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Regarding individual values and attitudes the following

lessons seem to be outstanding for the new global ethic

implicit in the preceding requirements.

1. A world consciousness must be developed through

which every individual realizes his role as a member

of the world community. Famine in Tropical Africa

should be considered as relevant and as disturbing

to a citizen of Germany as famine in Bavaria. It must

become part of the consciousness of every individual

that "the basic unit of human cooperation and hence

survival is moving from the national to the global

level."*

2. A new ethic in the use of material resources must be

developed whiph will result in a style of life compatible

with the oncoming age of scarcity. This will require

a new technology of production based on minimal use

of resources and longevity of products rather than

production processes based on maximal throughput.

One should be proud of saving and conserving rather

than of spending and discarding.

3. An attitude toward nature must be developed based

on harmony rather than conquest. Only in this way
can man apply in practice what is already accepted

in theory—that is, that man is an integral part of

nature.

4. If the human species is to survive, man must develop

a sense of identification with future generations and

be ready to trade benefits to the next generations for

the benefits to himself. If each generation aims at

maximum good for itself, Homo Sapiens is as good as

doomed. /

• Edwin Reischauer, Towardjthe 21st Century: Education for a
Changing World. (New York: Alfred A. Knopf, 1973.)
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\ The changes in social and individual attitudes which we

are recommending require a new kind of education; an edi*

cation geared to the twenty-first century rather than th<

twentieth or nineteenth centuries. It is not too early to in

augurate the necessary changes. "Children starting firs

grade today will hardly become real operating members o

the society before the year 2000. The twenty-first centun

is not that far away when you think in terms of basic edu

calion." "The subject matter of education should be funda

mentally mankind—the human experience."

We have considered in some detail in this report th<

prospects for mankind's development over a fifty-year period

However, a look even beyond a fifty-year period is necessar

to provide a feel for the trends underlying critical develop

ments in human society. After all, difficult as it is to effect

;

change, it is even more difficult to undo one.

Once the time horizon is extended beyond fifty years, on

has to begin to consider the "outer limits," t the limits tha

man cannot transgress without destroying himself and th

biosphere.

One of the most fascinating outer limits, and at the sam

time one with the gravest possible consequences, concert

man*s impact on climate. Two opposite trends are active i

this respect: (1) a continuous increase in CO, content i

the atmosphere which could result in a steady rise in temper;

ture around the globe; (2) an increase in the suspende

particulate matter in the atmosphere as a consequence (

man's agricultural and industrial activities which could n

Ibid.

t A term coined Jby Maurice Strong, Executive Director of the Unitt

Nations Environmental Program.
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jult in a temperature decline. Since 1945 the second trend

las appeared to be prevailing. If it continues it will have

>rave consequences for food production capacity of the

jlobe and therefore on the entire world system. On the

Dther hand, an increase in waste heat associated with in-

:reased energy production will create heat islands which,

:oupled with increased CO^, in the atmosphere, might lead

to a progressive warming of the Northern Hemisphere.*

This entails the possibility of an irreversible melting of the

Arctic Sea ice with tremendous climatological consequences

1—a slow process to be sure, but one which can be speeded

up considerably by the actions of man in pursuit of short-

term gains (see Brief on Oil Spills and Ice Melting), ^'

Bri^f on Oil Spills and Ice Melting

A particular danger lies in the all too real possibility of large

oil spills during the exploitation of the oil reserves In the

Arctic Ocean. This might lead to melting of the Arctic Sea
ice when emulsified oil droplets are distributed by ocean
currents and tf)en accumulate on the underside of the sea
ice. Since the ice melts on top and freezes on the bottom,

the accumulated oil will gradually move upward and the

surface of the sea ice will ultimately darken, thus reducing X
its reflectivity (albedo). This will drastically increase the^ X
heat absorption of the ice during periods of strong sunshlnelX
(insolation), starting an Irreversible melting process. After

the ice has melted the albedo of the now open ocean is so
reduced compared with the former white sea Ice cover that

the water's increased heat absorption will prevent its re'

freezing. After the complete melting of the sea ice, the

constant addition of "sweef melted ice water to the ocean
is stopped so that the present thick upper layer of sea
water with low salt content is gradually replaced by water

•T. Bergeron, Monograph Amer. Geophs, Union 5 (196Q), 399.
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of higher sedinity whose freezing temperature Is tower, thus
j

making the refreeling of the Arctic Ocean even less likely.

An op^h Arctic Ocean would cause a shift of all cllmatiG

^ zoffes by several hundred miles. Such regions as the Medh
ferranean, California, the Punjab, and others would pre*

j

dominantly become constantly arid aavannahs, with c/isaa* ^

trous implications for agriculture, v
'^

Another "outer limit" may be reached by the rapid in

crease of water consumption, particularly because of tli

fast growing area of irrigated land. The amount of wate

evaporation * over irrigated soil already amounts to 170(

cubic kilometers, or more than 400 cubic miles per yeai

This staggering figure corresponds to 350 gallons per da]

for every person living today. The growth of the world'

population will force bringing under the plough more an(

more arable soil in the arid and semiarid regions. Eventu

ally,+ the water for irrigation t would soar to more thai

twenty times the present consumption—to nearly IP,00(

cubic miles per year. (See Brief on Irrigation.) -

/O-^f on Irrigation

y.

Securing the Irrigation water necessary to meet growing c/o-

fjnand for food production over the next fifty years would pose,

among others, the following two problems.

1. Such huge amounts of water cannot be taken from the runoff

and the ground water in the arid and semi-arid zones. At

least half must be obtained through desalination of sea

water. Even if it were possible to reduce greatly the energy

requirements for desalination (from, today's 15-20 kilowatt

* H. Flohn, "Der Wasserhauchalt der Erde,** in Naturwissenschaftt

60 (1973), 310-348.

t Monograpji Anter. Geophys. Union 5 (1960), 399.

t A water /ayer seven to nine feet thick is needed yearly for the in

gation of ^d land.
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hours per cubic meter), five to ten times the present total

global energy consumption would be needed to desalinate the

sea water required for irrigation. To gain a better impression /
of this vast amount of energy, suppose every person on eahjy
today consumed as much energy as the average American
citizen: the total energy thus consumed would be equivalent

to the energy then used just for desalination purposes.

2. The evaporation of the irrigation water would in such a case /
amount to about 30 percent of the current rate of natural,'^

evaporation over land. Thus the hydrological cycle over lanlSf

would be greatly acceleratep^with as yet unknown climatO'

logical consequences,^\^

Other climatological changes loom if nuclear fast-breeder

power reactors were to be utilized. The enormous concen-

tration of power production in nuclear parks would involve

not only the disposal of vast amounts of waste heat into the/^

water, but would constitute as well huge "heat islands,"

where the artificially generated energy would by far surpass

the heat input of solar radiation. Our ignorance concern-

ing the effects of such practices should not lead us to overlook

the danger that strong local disturbances can produce small

shifts in the general circulation of the atmosphere which, on

the global scale, might result in considerable changes in

weather and climate for larger regions.

But there are still other limits, "inner" rather than

"outer," the limits within man himself. They are no less real

because it is man who is ultimately the generator of change

and the watchdog who keeps it from getting out of control.

As Aurelio Peccei has stressed: "We generally neglect these

limits because they are imponderable, and concern the noo-

sphere, the field of the intellect, of reason, of understanding

oneself and the world, and finally of the spirit. Man has

•committed himself so deeply to constructing ever larger and

more complex artificial systems that it has become difficult
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for him to control them, thereby losing a sense of his destiny

and at the same time that of his communion with Nature

and with the transcendent. No one can say with certainty;

but psychic and social damage, evident above all in the

great conurbations, warn us that inner limits have perhaps

been surpassed, that our minds and our nervous systems

cannot take much more overloading." *

( Nor are the organizational limits to be forgotten. Com-
plexity in an organization increases at a faster rate than its

size. The increase in human population and sophistication

of technology and modem living increases tremendously the

size, and therefore even more, the complexity of the orga-

nizations essential to support what we have come to believe

to be a civilized life. Moreover, the efficiency of the orga-

nization decreases rapidly with the complexity, since addi-

tional overhead and infrastructure are needed just to "keep

things going." The developed world is experiencing an

appreciable decline in quahty and quantity of services in

spite of an almost unbearable increase in cost; from medical

to transportation and postal services, one can find an abun-

dance of examples to prove the point. Serious attention

should be given to how our societies could cope with the

global crises and "inner limits" problem. No wonder that

alienation within society is becoming more widespread,

and that more people resort to desperate action in a vain

search for change.

If the limits are discernible, a strategy is needed to avert

catastrophic encounters with such limits. These encounters

would be a new phenomenon in the history of mankind,

• *The Real Limits to Growth," personal communication to The Club

of Rome, 1973.
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which requires a new strategy to deal with the very question

of survival. Underlying these "limits-crises" is a gap be-

between man and nature which is widening at an alarming

rate. To bridge that gap man has to develop a new attitude

to nature based on harmonious relationship rather than con-

quest. When the problem of narrowing that gap becomes

truly apparent and obviously inescapable, many issues which

appear very pressing and urgent in the present socio-politi-

cal arena, might well be resolved by the very fact that the

options would be reduced so much that hardly any would

be left.* So fundamental a reorientation cannot take place,

however, unless there is a sense of community, of a common
destiny. And this requires, inevitably, that the second gap

—

between "North" and "South," rich and poor—^be bridged.

One part of humanity cannot undergo such a fundamental

change while the rest flounders. Even if such a course were

attempted, it would be of little use since the dilemma is truly

global. Mankind, confronted by an unbridged and ever

widening gap, simply cannot face the problematique hu-

maine with any hope of success. Closing that gap is there-

fore a matter of universal common concern.

What is to be done meanwhile? First, an essential pre-

requisite is understanding the nature of the gap between

regions. It is not only a question of economics, of transfer-

ring investment funds, even though that is the very first and

inevitable step. Many thoughtful observers have stated re-

peatedly that the developing part of the world should not

and will not follow the path traversed by the more devel-

oped world. Yet, with the transfer of investment capital

• Arnold Toynbee, Observer (London), 1974.
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goes the transfer of technology, and jvith the transfer of

technology goes the transfer of ways and means of: doing

things. High-sounding statements notwithstanding, a new
path has yet to be found. And it might very well become

imperative if the gap is to be closed in any real sense.

Second, since the change is to be brought about by men,

there must exist a framework conducive to development in

the desired direction. As already pointed out above, our

analyses of the world system have indicated quite clearly

that the "most preferable solutions" always involve "bar-*

mony*' or "compromise" among "balanced" participants^

But there is no balance between participants like the United

States or the Soviet Union on one hand and Dahomey or

Singapore on the other. In order to achieve balance between

regions in global development a more coherent regional

outlook must be developed in various parts of the world

so that the "preferable solutions" will be arrived at of ne-

cessity rather than o,ut of good will, a quality not conunon

even among those who can "afford" it. We are not talking

of any regional fegimentation. liideed, such'a trend would

be in contradiction to the need for change and most prob-^

ably would make it impossible. Rather, we are talking about

a regional sense of conmion destiny that will find its expres-

sion through appropriate societal, economic, and political

arrangements and the formulation, of regional economic

concepts and objectives. Just like the "new path for.deveU

opment," these new arrangements are yet to be explicated

and will most probably emerge through the very process of

development But they are surely essential, as our entire

analysis of the world system indicates. Such ^ regional outr

look will create a *'critical mass" necessary for the practical

implementation of new and innovative ways of functioning
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in cultural, economic, and agricultural areas, especially on
the rural level.* Instead of trying to "outperform" the de-

veloped world by traversing the same path in a much
shorter time, various regions should develop their own ways

and means, as well as methods, to absorb most effectively

whatever is transferred from the developed world in money
or in kind.

It should also be clear that we are not talking about

"globalism" in the sense that favors uniformity—that is, in

the sense of a monolithic world system: one language, one

structure, one government, etc. As in natural ecological sys-

tems, diversity is the key for adaptation, which in turn is

the key to survival. Again, by analogy with nature, how-

ever, diversity must exist in harmony if it is to contribute

to adaptation of the system as a whole. Diversity of tradi-

tion and culture, a feeling for one's own place under the

5un, is essential in order to mobilize the moral strength

surely necessary for the required magnitude of change.

Third, global anticipatory and adjustment procedures and

mechanisms must be developed to deal with a stream of

crises, which might well come in increasingly short succes-

sion, as the results of our study indicate. Crises now must

be prevented rather than reacted to. Today they gain great

momentum and reach terrifying proportions in far less

time than is needed for the design, operationalization, and

Implementation of political, social, and technological rem-

edies. Measures prompted by a crisis at our doorsteps will

be effective only ten to twenty years from now, when the

qualitative and quantitative aspects of the crisis will most

* M. Guernier, **Le& communautes villageoises,** personal note to The
Qub of Rome, 1974.
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likely appear in completely different form than at present.

A region's present energy crisis might then have grown into

catastrophic food shortages in quite different parts of the

world, or into general economic deterioration and social up-

heavals.

Hence, there is an urgent need for an "instrument" that

can be used to test alternative plans for anticipatory action;

to evaluate the realizability of these plans in the face of

national, regional, and global constraints; to determine

whether short-term benefits in one area might not entail

great harm in others or even destroy future long-term op-

tions. Such a planning instrument must be representable in

credible, yet understandable terms, not only to decision-

makers and the "elite," but to the public at large. For there

should be no misunderstandings: Some short-term losses

would most certainly have to be accepted for the sake of

long-term gains; some sacrifices will be required from every-

body for the sake of later generations and orderly world

development, and the political decision-makers as well as

the public will have to be persuaded to abandon their usual

practice based on the belief that "a problem postponed

is . . . half solved." This can result only from a careful

assessment of alternatives which in turn cannot be conceived

without a credible comprehensive planning instrument en-

abling the national leaders to find solutions to the over-

riding problems in the global context. The multilevel world

model on which this report is based is a first step in that

direction.

Mankind cannot afford to wait for change to occur spon-

taneously and fortuitously. Rather, man must initiate on his

own changes of necessary but tolerable magnitude in time to

avert intolerably massive and externally generated change.
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A Strategy for such change can be evolved only in the spirit

of truly global cooperation, shaped in free partnership by
the world's diverse regional communities and guided by a
rational master plan for long-term organic growth. All our

computer sunulations have shown quite clearly that this is

the only sensible and feasible approach to avoid major
regional and ultimately global catastrophe, and that the time

that can be wasted before developing such a global world

system is running out. Clearly the only alternatives are divU

\ion and conflict, hate and destruction.
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Countries as Grouped in Regions 1-10

Canada

Region i. North America

United States of America

Region 2. Western Europe

Andorra
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Region 7. North Africa and the Middle East

Abu Dhabi
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Sudan



APPENDIX III

Additional Briefs

(A) BKffiF ON SOME FACTS ON THE EXPANSION
/ I// OF FOOD PRODUCTION

With rapidly declining world food stocks that amount today

to only a thirty-day reserve, humanity is literally living from

hand to mouth. If the cycle of prolonged dry weather periods

in the United States—like the Dust Bowl days of the 1930s

^-were to recur, poor harvest periods might lie around the

comer even for North America, the producer of more than

two thirds of the world's exports in cereals and 90 percent

of the exportable soybeans. The world has thus begun to

depend to a dangerous degree on the outcome of the annual

harvest in North America, and the hungry majority of the

world Uves under a veritable sword of Damocles that will

drop and kill millions whenever that harvest fails. What is

in store for the world in twenty to twenty-five years, when

iin South Asia alone there will be at least a billi9n more

' 165
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mouths to feed; or fifteen years beyond that time when yet

another bUUon will most probably be added to the popula-

tion in the same region?

With regard to the world food supply situation we are also

confronted by the fact that scarcity is produced not only by

the fast-rising number of hungry people, but also, and not

least, by the increasing demands of a growing affluent mmor-

ity. Affluence is hunger's main compeUtor for the available

food supply. Although a human can certainly take only a

given amount of food in terms of quantity, the consumption

of food depends on the composition of the diet Increased

affluence in various regions of the world, and even of certain

social strata within nations with a chronic deficit in food,

leads to the consumption of more meat, eggs, milk, etc., and

•thus worsens the problem of food supply (see Table IH

A-1 ) ; for, it takes, for example, an average of seven pounds

of grain to produce one pound of meat. To overcome this

e
Ta6LE 111 A-1: ANNUAL PRODUCTION OF MEAT

PER INHABITANT

1961-65 1970-71

North America 72 kg 82 kg

Western Europe 41 48

U^R 30 36

/ Latin America 32 30

^ ^ . ( Near East 10 10
^**-

Far East 3 3

Africa 10 10

(Source: Institul d'£tudes d£mographiquc$, Paris-d'aprts FAQ)
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grave consequence of affluence, it would be necessary to

change rather drastically the life-styles and the pattern of

food consumption in the industrialized nations. We would

have to give up presently prevailing eating habits that, ap-

plied universally, would allow feeding with present agricul-

tural output of only 1.2 billion people, not the nearly 4
billion living today.

Of course, food production will expand. There are four

ways in which an appreciable increase in food production

is possible:

1. Increase of the cultivated land area.

2. Increase of yield per unit of land through such tech-

nological inputs as fertilizer, high-yield seeds, irriga-

tion, soil conservation measures, pesticides, herbicides,

storage and transportaton facilities, mechanical equip-

ment for tilling and harvesting, etc.

3. Increase of marine animal production,

4. Development of synthetic foods.

Regarding the first possibility, we refer to the Table III

A-2.

We observe that the 1.5 billion hectares in the cultivation

cycle, that is, having recently been cultivated—represent

about 11 percent of the world's total land area of 13.5 bil-

lion hectares (52 million square miles), but 8 billion

hectares, or 59 percent, of the world's total land area is

deserts, salted, and ice-covered land or mountains. Much of

the remainder is not suitable for cultivation. Thus, the

figures in the table give us only a superficial picture of the

possible increases of cultivated land in the tfen world regions.

There are still reserves in North America and to a lesser

degree in Australia. The tables suggest that significant in-

creases are also possible in Latin America and Main Africa.



168 Mankind at the Tunung Point

TABLE 111 A-2: AGRICULTURAL LAND RESERVES
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basis in the humid tropics, and these tend to be low-protein

or non-food cash crops such as palm oil, sugar cane,

'bananas, coffee, cocoa, and latex. Even the native crops

tend to be low-protein varieties such as cassava, yams, and

plantains. Here the invention of a completely new agricul-

ture will be necessary, either to develop tree-like plants that

yield ordinary nourishing foods and can withstand the hot

and humid climate or to generate a series of plants that

grow under the cover of tropical trees, which protect them

and their soil against the pounding of the heavy tropical

rains that otherwise cause destruction by horizontal erosion

or vertical washouts. For decades to come only minimal

contributions to the solution of the world's food problem

can be expected from the humid tropical zones. Not much
more encouraging is the situation in the semiarid regions,

the savannahs, ordinarily subjected to oscillations of rainy

and dry seasons. Because of the uncertainties of the climate

these zones are permanently under the menace of famines,

as the recent past has shown only too tragically in the Sahel

zone of Africa. Still, a proper coordination of all the re-

search efforts presently carried on for the agricultural

problems of these semiarid regions should be able to lead

eventually to beneficial results, if only to stop, in the first

instance, the southward advance of the desert in the African

Sahel that has persisted for the past twenty years and by
now has assumed an average annual rate of more than

six miles.

Since the chances for a large expansion of the cultivated

land area are quite limited, the hopes for increased food

production rest chiefly on the belief that the presently culti-

vated land area could yield far greater amounts of food by

manifold technological inputs in most parts of the develop-
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ing countries (see also Table III A-3). This approach also

forms the basis for the Provisional Indicative World Plan for

Agricultural Development of the United Nations Food and

Agriculture Organization (FAO) in Rome, 1970. However,

the following arguments of the FAO report should serve

to caution against much of the wishful thinking regarding

greatly increased food production in the most critical devel-

oping regions of Tropical Africa and South Asia: ". . . cli-

mate, lack of assured water supply, poor soil fertility, and

difficult topography, . . . and even whei'e there are no over-

riding physical obstacles, bad communications, long dis-

tances from markets, high costs of inputs, lack of credits,

. . . and in many developing countries, land tenure sys-

tems ... are serious obstacles to progress. . .
.*• Many

others could be added, such as illiteracy, lack of proper in-

frastructure, etc. As to the "miracle" new seed varieties

(Green Revolution) the report states: "Far from being

miracles ... they are still at an evolutionary stage and

therefore faffrom perfect. This particularly applies to rice

TABLE til A-3: YIELDS—TOTAL CEREALS 1972
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in Asia, for which a number of serious pest and disease

problems remain unsolved, and where the eating quahty, of

the new varieties is also inferior to many traditional ones;

and to millet and sorghum in Africa, where varieties, iritro^*

duced from other continents, have so far had little success;

while little work has been done on barley in most develop-

ing countries." Thus, long years of research and develop-

ment are still ahead, while their success with regard to sus-

tained high yield is far from assured. However, even if the

increase in food were possible, it will most certainly depend

on technological inputs of truly stunning dimensions which

will be too expensive for the poverty-ridden countries, and

fraught with grave ecological and social disruptions.

Further expansion of food production ' also leads to

increasing pressure on the food-producing ecosystems.

Wherever man settled he soon began to cut the forests down
to gain land he could cultivate. As long as this was lunited

to comparatively small areas, the ecosystem remained in-

tact. Now, however, in his urgent qiXest for food, man
has again hastened the process of deforestation, most reck-

lessly in some regions of the world, the Amazon and

Congo Basin, for example, and even more the Indian

subcontinent, all of which are threatened by progressive

deforestation. In the Amazon and Congo Basins, the

disastrous consequences of deforestation are instantly visi-

ble, so there is a good chance for the lesson to be learned

quickly that this folly cannot be perpetuated without caus-

ing irreparable damage. But the damage that deforestation

in Nepal, for example, does to agriculture in the plains of

Pakistan, India, and Bangladesh is not directly seen by
those who cut down the woods in Himalayan foothills,

where all the major river systems of the Indian subcontinent
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originate. But even today the consequences of deforestation

are only too apparent: no year passes without most severe

floods that destroy land and harvest for many millions of

people. But since most people think in short time horizons,

deforestation continues and the already insufficient food-

producing capacity of large parts of South Asia will surely

be further undermined by future larger flood catastrophes.

Another similar and no less tragic result of fast-growing

human and livestock population pressure on food-producing

ecosystems is visible in the four-thousand-mile-long frmge

stretching south of the Sahara from Senegal all the way

across Africa to Ethiopia. Denuding the semiarid landscape

by deforestation and overgrazing has enabled the desert to

move southward, in some cases up to thirty miles a year,

particularly in the years plagued by increasing droughts.

Also this has become a long-term problem because of the

insupportable pressure on this already delicate ecosystem;

it is decidedly not a temporary catastrophe caused by pro-

longed dry periods that could be taken care of by rushing

several hundred thousand tons of grain into the area as

soon as television camera teams have brought the agony of

men, women, children, and animals into our well-fed homes.

There are also less dramatic consequences of man's

pressure on the food-producing ecosystems that come with

excessive use of fertilizer and chemical pesticides and her-

bicides. These not only affect the microorganisms in the

producing soil; they also eutrophicate rivers, ponds, and

lakes and thereby drastically reduce their oxygen-producing

capacity, and they winder along the food chain in ever

greater concentrations so that finally they became harmful

even to man. Finally, there is the pressure on the climate

that a vastly increased area of irrigated land would exert
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(see Chapter 11),* and the ecologically destablizing effect of

the big dams and irrigation projects. For example, the As-

wan Dam of Egypt has been instrumental in an epidemic

of schistosomiasis among the peasants farming in the Nile

valley; it has caused a deterioration in the fertility of the

soil by retaining the Nile's famous alluvial silt, and it has

caused a significant reduction of fish in the Eastern Mediter-

ranean six hundred miles away by reducing the amount of

fresh water entering the sea.

Marine fish currently provide 15 percent of the world's

animal protein supplies. But the ecosystem producing fish

is also seriously threatened by man's ruthless employment

of ancient and modern fishing technologies. On the coasts

of Europe and Asia dragnets have been scraping the ocean

floor and thereby destroying for many years the beds of

algae where the fish feed and lay their eggs. And off the

Peruvian coast the modem fish-pumping techniques, which

produced in the years 1969 to 1971 a bumper crop of an-

chovies, caused the Anchoveta to vanish and hardly any-

one still believes that this disappearance is just temporary.

Formerly optimistic experts are now convinced that it wiU

be some years before the Anchoveta fishery, which ac-

counted for 20 percent of the world's fish cash, might re-

cover.

In ten years food-needy man's back wiU be even closer

to the wall, and in another ten years still closer. Is there

really a chance that he will relax his pressure on the eco-

system, or will he continue all over the world to inflict

irreparable damage on nature, which then will retaliate in-

exorably and mercilessly?
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(B)^RIEF ON FOSSIL FUEL RESERVES

On January 1, 1973, the proven resources of oil amounted

to nearly 90 billion tons, or 667 billion barrels (1 metric

ton of crude oil = 7.47 barrels), which at the 1972 con-

sumption level, about 2.5 billion tons, would last thirty-

seven years. But with a global consumption growth rate of

5 percent the reserves would have a lifetime of only twenty-

one years (see Table III B-1 ) . New oil discoveries are made
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TABLE/ffi B-3
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all the time but the rate is definitely decreasing while costs

increase tremendously. The capital cost and the technical

unit cost for oil from the North Sea, for example, are at

least ten times greater than those in the Persian Gulf.

For newly discovered offshore oil, and particularly for

deep-sea reservoirs, even higher costs must be expected,

not counting the possibly extreme "external costs" result-

ing from the creation of unforeseen environmental risks.

Furthermore, to preserve a moderately comfortable fu-

ture ratio between proven reserves and current annual

production of crude oil, new oil deposits of the Alaskan

North Slopes' or the North Sea's magnitude would soon

be necessary every year, should oil consumption con-

tinue at predicted growth rates. It must be remembered that

at an annual growth rate of 5 percent even doubled reserves

would be exhausted after just another fourteen years. Taking

the most optimistic estimates of recoverable oil reserves (in-

cluding oil shale and tar sands) as being about 500 billion

tons (about six times the presently proven resources), con-

tinued increases in oil consumption would deplete the re-

serves around 2030, little more than fifty years from now.

The natural gas situation is very similar (see Table III

B-2). On the other hand the reserves of coal are far greater,

having a static life index of nearly 2000 years (see Table

mB-3).

(C) BRIEF/ON OIL PRODUCTION COST, TRADE,
/ AND CONSUMPTION

The outstanding feature of the present oil situation has to

be viewed in terms of the fact that nearly two thirds of the

proven reserves are in the areas of the Persian Gulf and
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North Africa, where the capital cost of a barrel per day and

the technical cost per barrel at the wellhead (transportation,

government's revenues, and producing company's profit not

included) are extremely low (see Table III C-1).*

TABLE
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There are great differences between production and con-

sumption of energy in the world's 173 nations. Of the total,

110 must import two thirds and more of their supply;

seventeen must import one to two thirds of their energy

needs. Hence, nearly one third of the world's total primary

energy—90 percent of its crude oil—moves through a vast

global trade network. Of this oil, 90 percent is supplied by

the OPEC (Organization of Petroleum Exporting Coun-

tries); more than half of the supply comes from the Arab

nations (OPEAC). On the other hand, 80 percent of the

traded oil 1.5 billion tons in 1970, or 10 billion barrels)

goes to the industrialized nations, including the United

States, Canada, Japan, Australia, and Western Europe.

The graph on the next page shows clearly how the "West-

ern" nations of the developed world switched from coal to

oil when, after World War II, the "cheap" Arab oil became

available. While they thought that they could afford to ne-

glect the exploitation of their coal reserves, the nations of

Eastern Europe and Far East Asia continued to use coal

as their major primary energy resource (see Fig. Ill C-2),

RIEF ON AGE STRUCTURE AND
POPULATION GROWra

There are several ways to measure and describe population

development. One of the simplest methods for determining

population growth consists in counting annually all births

and deaths in a country or region, and referring these figures

to the number of people living in the considered area at a

certain date each year. One thus obtains the so-called crude

birth and crude death rates, for example forty-two pei
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thousand inhabitants and twenty-two per thousand, respec-

tively. The difference is then the crude growth rate, in our

example twenty per thousand, or 2 percent. If the crude

growth rate stays constant, the population grows "expo-

nentially," just as capital grows in a bank with constant

compounded interest. The famous "rule of seventy" permits

one quickly to determine the number of years after which

the population has grown to double its size at a constant

growth rate. For our example, of an annual 2 percent

growth rate, the rule of seventy would yield 70/2 = 35 years

as the time in which the population doubles. This rule yields

sufficiently accurate results for growth rates up to 10 percent.

As "crude growth rate" implies, its application yields

only a "crude" approach to the problem of population

growth which becomes quite unreliable in the long run, as

soon as growth rates fall below 1 percent. This discrepancy

results from the fact that there is a close relationship be-

tween population growth and age structure and that for

low growth rates the age structure of the population changes

appreciably in time.

For example, in Fig. Ill D-l we have depicted the age

structure change for the population of Eastern Europe in-

cluding the Soviet Union, whose annual growth rate had

dropped below 1 percent by 1970. Contrast this with the

age structure change, shown in Fig. Ill D-2, of the fast-

increasing population in Latin America (growth rate about

3 percent).

Fertility and mortality were kept constant after 1970.

Whereas the age structure changes drastically in Eastern

Europe, hardly any change takes place after 1975 in Latin

America with its large percentage of children and young

people.
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The number of births obviously depends on the fertility

of the female population, and just as obviously, the prob-

ability that a woman will give birth depends on her age.

Certainly, below the age of fifteen or over age fifty the

probability of her giving birth is very small. In Fig. Ill D-3
the fertility pattern, which proves to be rather stable for cer-

tain cultures, has been depicted for two regions, (a) North

America, and (b) North Africa and the Middle East. One
readily recognizes that in North America the overwhelming

majority of children are borne by women between twenty

and thirty years of age, after which the probability of their

having children decreases rapidly, while in North Africa

and the Middle East the span of years during which a

woman is likely to bear children is greatly extended. Hence

it is no wonder that population growth is far higher there

than in North America.

Mortality also plays a big role in determining population

growth. Without doubt the increase in the number of people

living in the developing countries results from the fact that

mortality has decreased greatly in the past thirty years.

Population growth would even be much faster than it is if

mortality decreased to the level prevailing in the indus-

trialized countries. As Fig. Ill D-4 shows, mortality (the

probability of a person's dying at a certain age) increases

rapidly in North America (a) only for groups over seventy

years old, while in Main Africa (b) the likelihood of death

for infants, children, and younger people is vastly greater

than in North America and in the other developed regions.

Let us now assume that fertility and mortality patterns,

like those shown here, continue to persist as they have since

the end of World War II. As growth rates become smaller,

the magnitude of fertility is implicitly reduced compared
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to that of mortality, while the shape of the fertility and

mortality diagrams (see Figs. Ill D-3 and III E)-4) remain

unchanged. This causes the child base of the age structure

to narrow and in time will lead to diminishing the numb
of women of childbearing age. .-'

'

\Thus, even if fertility were to remain constant, corre-

sponding to, say, the birth rates of 1970, the birth rate

would decline appreciably, once it had dropped below, say

2 percent, because the child base of the age structure would

become smaller, and after a delay of about twenty years

the number of childbearing women would decrease con-

siderably as compared with the rest of the population; at

the same time the share of the older people rises at the ex-

pense of the young age groups. This causes, even for con-

stant mortality, the death rates to rise because the old ag^

population, for which the probability of dying is greaterJ^as

now grown more strongly than the younger age group (sec'

Fig^IIID-1). . /
" Fig. Ill D-5 depicts the future population development

in Region 5 (Eastern Europe including the Soviet Union),

if present fertility and mortality rates persist. Here the

growth rate in 1970 was about 0.7 percent. The rule of

seventy would then indicate that with constant birth and

death rates the population would double in one hundred

years, that is, in 2070 it would have grown to 750 mil-

lion. But birth and death rates would not stay constant

if fertility (age pattern and magnitude) as well as mortality

(age pattern and magnitude) were to remain constant. Both

the latter parameters are measures more basic than "crude"

birth and death rates, which are derived from them, which

is why for constant fertility and mortality, corresponding

exactly to the crude birth and death rates, respectively, of
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1970, ilo exponential growth and no population doubling

in 2070 takes place. Rather there is first a much slower

growth and then after the turn of the century a steady de-

cline due to an underlying pattern of the age structure that

becomes increasingly top-heavy (see Fig. Ill D-1).
"

(^in contrast to this behavior we find that in regions with

high growth rates, constant fertihty also implies practically

instant crude birth rate, and constant mortality implies

practically constant crude death rate, because the age strucr

ture hardly changes over the years (see Fig. Ill D-2) . There-

fore in these fast-growing populations constant fertihty and

mortality lead to exponential growth which eventually has

to be stopped because, for example, a sustained' 3 percent

growth of the Latin American population (presently about

300 million) would by the year 2100 yield about 10 billion

inhabitants in Latin America, two and a half times the

present total world population. .J

Hence the question arises as to what change the magni-

tude of fertility would have to undergo in the various world

regions in order to lead to population equilibrium. This is

not difiicult to calculate, if one assumes that the fertility

pattern remains unchanged in addition to constant mortality

(pattern and magnitude). Of course, it would also not cause

extraordinary difficulties to assume such changes of pat-

terns, but we have not yet done this since we have reason

to believe that if an equilibrium policy is initiated within

the next decade, the difference would not be considerable.

As Fig. ni D-6 shows, in the course of a population

equilibrium policy the age structure changes to a certain

type, regardless whether the equilibrium policy is applied

(a) to an initially fast-growing population of a developing

region (Latin America), or (b) to a population in the indus-
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trialized countries with small growth rates (North America).

In the end all age structures have the typical bottle shape.

It is quite obvious that a population with an age structure

that already has certain features of an equilibrium age

structure rises only a little more after it has initiated a

population equilibrium policy. On the other hand, regions

with a pyramidic age structure resting on a very wide base

of infants and young children will still experience a large

increase in population even after it has initiated its equi-

librium policy, because it takes a long time before its age

structure has changed into the bottle shape equilibrium age

structure (see Fig. Ill D-6).

For thfe'len world regions of our model the results of an

equilibrium policy initiated at different times with a transi-

tion period of thirty-five years are depicted in Fig. Ill D-7.

Finally, it is interesting to note the relative interregional

population change that takes place, if fertility and mortality

remain constant after 1970 (Fig. Ill D-8), or if in all ten

regions equilibrium policies are implemented in 1975 (Fig.

Ill D-9). Whereas in the first case—^however unlikely—the

share of the industrialized regions 1-5 (the "North") drops

from 34 percent in 1950 to below 5 percent of the total

world population in the year 2100 (see Fig. Ill D-8), their

portion drops in^the case of Fig. Ill D-9 only to little below

25 percent.
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) BRIEF ON STARVATION AND MORTALITY

\ The relationship between nutrition and human health

is a complicated subject with many unanswered questions.

Certain things, however, are relatively clear. There is

little disagreement that the two most significant; indica-

tors are calories (energy) and protein. Sufficient quanti-

ties of both are vitally important to health and well-being.

The table below, based on work by Professor Pokrovsky,

Director of the Institute of Nutrition of the Soviet Acad-

emy of Science, gives an overview of the great nutrition

gap between the industrialized and the developing coiintries.

TABLE III E-1

Z.

Daily Needs
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the body's musculoskeletal and vegetative systems are com-

posed largely of protein, as are the enzymes controlling the

biochemical metabolic processes. The protein in the body

is never in a static state, but is always catabolized (broken

down) and renewed. This constant turnover, plus the re-

quirements for growth in children, as well as the lack of any

specific storage mechanism for protein in the body, neces-

sitates the daily intake of an adequate amount of protein

to prevent an actual net loss of body protein (loss of body

tissue). In adults prolonged inadequate protein intake (de-

pending on its severity) causes loss of body substance, in-

creased susceptibility to stress and infection, and ultimately

death. We know now that a child, which as a fetus and

during its first year of life did not receive sufficient protein,

will most probably remain subnormal for life in its mental

and physical capacities. The development of the brain and

of the central nervous system requires high-quality protein

that only animals can provide in the form of milk, eggs, and

meat, at least as a substantial addition to vegetable proteins.

There are, however, some Asian and African countries

where the average daily per-capita intake of animal protein

is below 5 grams; this comes as no surprise when we realize

that the average citizen of India can spend only ten to

fifteen American cents for his daily food.

The present mortality pattern in South Asia as well as

elsewhere is certainly conditioned by many factors, includ-

ing nutrition. Since our model calculations indicate that

food per-capita in South Asia vdll be the factor most likely

to undergo the biggest change during the coming decades,

we took the deviation from the present per-capita food

supply as the determining factor for the relative change in

mortality. According to the Technical Report No. 522 of
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the World Health Organization (WHO, 1973) the ag©--

specific mortality factors affect infants a little more strongly

in the case of protein deficiency than in the case of calorie

deficiency; therefore we determined an age-specific mortality

multiplier as a nonlinear function of relative protein de-

ficiency. We believed that as far as South Asia is concerned,

no special consideration of the calorie deficiency was nec-

essary; in this region protein and calorie intake go to-

gether, because the diet there contains very little animal

protein, the meat consumption being just 3 to 4 percent

of that in the United States. For this reason, even if a pro-

tein deficiency could be covered, for example, by the ad-

dition of synthetic lysine to wheat, the calorie deficiency

would remain. J should be noted in this connection that

the Indian agricultural expert, P. V. Sukhatme, recently

questioned the usefulness of this method of protein enrich-

ment in his presidential address oj\ "Protein Strategy: An
Agricultural Development" {Jfiitrnal of Agricultural Eco^

/iom/c5, XXVII, 1972).
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COMMENTARY

We most warmly welcome this report by Mihajlo Mesarovic

and Eduard Pestel to The Club of Rome. It marks an iin-

portant new step toward understanding the global natural

and human systems within which we live. And it appears

as a book for wide distribution at an opportune time. Un-

der the impact of worsening world situations, public opin-

ion has greatly matured in the last few years. However,

decision-makers in every country and the world establish-

ment generally, although forced to face up to the stark

realities of our age, are still reluctant to renovate their

thinking and modes of action. The Mesarovic-Pestel work
will confront them with a compelling frame of references

that can hardly be ignored, offering them at the same time

a new, potentially powerful tool to test out the validity or

futility of their views and their policies in the real world

framework.
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The need for clear understanding of the working of the

global systems and the organic interdependence of their

parts is at the very heart of the concern of The Club of

Rome. When, in 1968, we began to discuss these matters,

we were deeply impressed by the unexplored interactions

between the major problems besetting human society and

by the fact that in nearly all policy formulation and ad-

ministrative action such interactions are largely ignored.

Of course, philosophers have, from ancient times, stressed

the unity of existence and the interconnection of all the

elements of nature, man and thought. However, their teach-

ing has seldom been reflected in political or social behavior.

The very principles of the sovereign national state, the

structures and procedures of government, and the disper-

sion and linear nature of their policies are ill-adapted to

the practical acceptance of these kinds of concepts. In the

past, the consequences of any such discordance, even when

profound, could eventually be remedied by action "after

the dust is settled." Today, with the inescapable influence

of scale, of complexity, and of rapid rates of change, we
no longer have such periods of grace, while the penalties

we must pay for disregarding the cross impacts of problems

and attempted solutions or indulging in conflicting national

or regional goals are becoming ever more severe. At this

point, it is impossible to set mankind on a safe course again

unless the ensuing stream of crises is stopped and the still

graver crises ahead are prevented.

The Club of Rome's first attempt at understanding the

unprecedented tangle called "the world problematique" was

made by sponsoring a world simulation model realized with

the system dynamics technique of Professor Jay Forrester of

MIT and culminated in the well-known study published in

1972 under the title The Limits to Growth. In it. Professor
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Dennis Meadows and his team projected into the future a

number of interacting critical phenomena with a view to

indicating what might happen to the world systems if

present trends were allowed to continue.

The conclusions of this first global research were gen-

erally taken to be a prophecy of doom, despite the repeated

statements of the book itself that the purpose of the project

was indeed to elucidate the consequences of continuing as

at present in order to provoke change which would render

these conclusions invalid. The energy and food crises ex-

ploded in the meantime with such vicious force that they

cut short much of the hasty criticism leveled against this

exercise. While readily recognizing the inevitable imperfec--

tions of the MIT pioneering effort, we regard it as a mile-

stone; not the least significant result is that world attention

has begun to consider seriously the basic issues raised by

that report.

Now Mesarovic and Pestel have taken a completely new

point of departure. One of the deliberate limitations of the

previous research was its adoption of worldwide aggrega-

tions. This was a matter of choice, prompted by the objec-

tive of completing the project rapidly, providing at the same

time an initial overall perspective of the trends and con-

straints inherent in the dynamics of the total system. We
knew, of course, that the heterogeneity of the world, with its

innumerable cultural and environmental differences, vary-

ing levels of development and uneven distribution of natur^

resources, means the consequences of growth in diffc -. t

places is likewise heterogeneous. Thus the average curves

and trends, as outlined in the first report, could not be

adopted as a guide to detailed policy decisions in any par-

ticular country.

We appreciated therefore the urgent need to follow up
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this initial glolal model with disaggregated studies that

could lead to a deeper understanding of the wide range of

world, regional and national prospects and to their being

coupled with the practical business of politics. And, conse-

quently, we supported the Mesarovic-Pestel study which

aims to do just this. Their world model, based on new

developments of the multilevel hierarchical systems theory,

divides the world into ten interdependent and mutually in-

teracting regions of political, economic or environmental

coherence, and is capable of breaking down its data into

still smaller units, such as that of the single nation, if neces-

sary. This means that its findings can be relevant to national

policy-makers. Moreover, for the first time it is now pos-

sible, by confronting the policies of different groups com-

peting among themselves within the finite capacity of the

planet, to delineate areas of conflict or incompatibility in-

herent in national or regional policies.

The difficult task of decision-making is normally an un-

certain art. Objectives may be more or less clearly defined,

political or ideological principles may offer sound guide-

lines, and even good statistical data and qualitative analyses

of the given situation may be available; but the process

—

the desired option—is less clear, often less rational. Deci-

sions are usually based on the human assessment of these

and many other factors and on accumulated experience as

to the probable consequence of particular actions. The nor-

mal, mental model of the decision-maker is relatively sim-

ple. An individual may have great qualities of intuition and

a fine sense of political, social and psychological reality, but

man is unable to assimilate and interact multiple variables

with any certainty.

What the computerized model can offer is the reinforce-

ment of human qualities with an input of analyzed data.
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thus making possible the exploration of alternatives. For

some people this approach is a technocratic menace: the

computer taking over responsibility for human destiny. This

is nonsense; particularly in the case of the Mesarovic-Pestel

work. Their methodology is very promising and flexible as

it allows for a continuous dialogue between man, who re-

tains his value system, judgment and purpose, and com-

puter, which puts at his disposal its enormous calculation

capacity. Human initiative or human response to stress and

challenge is not only maintained in a dominant position,

but strengthened by an appropriate aid that allows one to

study alternative scenarios, test out various options by as-

sessment of their probable consequences, and finally up-

grade and rationalize policy decisions.

Criticism was often made of The Limits to Growth in

that it was concerned exclusively with material limits

—

which are never likely to be reached, since political and

other difficulties will precede them. No doubt, the real limits

to growth are social, political and managerial, and finally

reside within the nature of man. In the Meadows model it

was not easy to relate directly material problems with the

political process or with changes in the value system. New
tools were indeed necessary to allow for an organic socio-

political-economic coupling. One is now presented to us by

Mesarovic-Pestel.

In carrying out this work, they have aspired, in the

tradition of The Club of Rome, to be non-partisan in cur-

rent political terms. The chief problems of the world today

are not essentially problems of party politics and, being

relevant to the very survival of man, they even transcend

current ideologies. Of course, complete objectivity is im-

possible, however earnestly it may be sought. Bias is im-
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consciously and subtly built in through the selection of data

and assumptions which reflect the views and conditioning

of those who select them. In the present instance, for ex-

ample, a general long-term solution of mankind's energy

problem by the use of nuclear power, particularly through

the use of fast-breeder reactors, is rejected. The authors,

turning away from the Faustian bargain, opt for solar

energy, although presumably the door is open for nuclear

fusion if that becomes available in time. We fully agree

with this rejection, but it is a value judgment nevertheless.

It will be recognized of course that these are still proto-

type models. Mesarovic and Pestel have assumed a hercu-

lean task. The full implementation of their work will take

many years of trial and error and intellectual ingenuity,

and will in the end require a comprehensive bank of coherent

world, regional and national data if it is to have sufficient

flexibility to allow the switching in and out of large numbers

of relevant variables, the continuous reappraisal of data and

assumptions, and the exploration of the effect that changes

in the system of values would have.

Results to date, however, are already very important.

The authors have concentrated on several clusters of prob-

lems which, if not squarely met, can, alone, provoke un-

imaginable disasters. Backed by this intensive research and

study, certain basic conclusions have been reached. They
confirm earlier warnings of The Club of Rome. Two of them

should be quoted here:

No fundamental redressment of the world conditions

and human prospects is possible except by worldwide

cooperation in a global context and with long views.

The cost, not only in economic and political terms.
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but in human suffering as well, which will result from

delay in taking early decisions, are simply monstrous.

The reader of this book has certainly found that these

conclusions and many corollary ones are buttressed by a

thesis whose detail may be disputed, but whose general sense

is, in our view, abundantly convincing. The question is

whether these warnings will be heeded. In the past, no

human group has been able to formulate long-term policies

in the interest of mankind, and today policy delays mar the,

management of human affairs even when minor interests

are in conflict

This book helps us realize that we are on a fatal course.

How can a true world community emerge, or even our

present human society survive when it is ridden by profound

and intolerable injustices, overpopulation and megafamines,

while it is crippled by energy and materials shortages, and

eaten up by inflation? What explosions or breakdowns will

occur, and where and when, now that nuclear war tech-

nology and civil violence are outrunning the pace of politi-

cal wisdom and stability?

The odds seem against man. Yet we are moderately

hopeful. The winds of change have begun to blow. A keen

and anxious awareness is evolving to suggest that funda«

mental changes will have to take place in the world ordd
and its power structures, in the distribution of wealth am
income, in our own outlook and behavior. Perhaps only a

new and enlightened humanism can permit mankind ta

negotiate this transition without irreparable lacerations

In the UN, for example, new concepts such as that o:

"world collective economic security" as a necessary correla«

tive to political security, and an innovative "charter of du*
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ties and rights" of member states is under consideration. In

April 1974, a special session of the Assembly issued a

declaration on the establishment of a "new international

economic order." And the UN world conferences—first on

man and his environment, followed by studies on popula-

tion, food, and the law of the seas, with planned sessions on

energy and materials, human settlements, etc.—address

themselves to global problems and global solutions.

These are the ferments of an inevitable revolution in

international relations; they herald a different management

of the human society. Last February in Salzburg The Club

of Rome convened a meeting of senior statesmen from dif-

ferent countries and cultures to discuss global problems and

long-term alternatives for human society. The concluding

statement interpreted the mieeting as unequivocally indicat-

ing that "a new spirit of active solidarity and cooperation"

among all peoples and nations—called the Spirit of Salzburg

•—is indispensable for mankind to face the challenge of our

time.

Many of the decisions for survival which must be taken

in this spirit will inevitably be unpopular and some impos-

sible/to achieve, unless there is universal understanding of

the rtature of our problems and their gravity. The impor-

tance of this book is manifest under both these aspects. On
the one hand, it explicitly lays bare the alternatives ahead,

showing the urgency of making responsible choices. On the

other hand, it has developed a learning and operative in-

strument which can assist us in making these choices.

It is for these reasons that we recommend this report to

the political class and to the public. At -the same time, we
express the hope that resources be made available to

develop further these techniques so that those of us who
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stone; not the least significant result is that world attention

has begun to consider seriously the basic issues raised by

that report.
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point of departure. One of the deliberate limitations of the

previous research was its adoption of worldwide aggrega-

tions. This was a matter of choice, prompted by the objec-
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ing levels of development and uneven distribution of natural
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places is likewise heterogeneous. Thus the average curves

and trends, as outlined in the first report, could not be
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this initial glolal model with disaggregated studies that

could lead to a deeper understanding of the wide range of

world, regional and national prospects and to their being

coupled with the practical business of politics. And, conse-

quently, we supported the Mesarovic-Pestel study which

aims to do just this. Their world model, based on new

developments of the multilevel hierarchical systems theory,

divides the world into ten interdependent and mutually in-

teracting regions of political, economic or environmental

coherence, and is capable of breaking down its data into

still smaller units, such as that of the single nation, if neces-

sary. This means that its findings can be relevant to national

policy-makers. Moreover, for the first time it is now pos-

sible, by confronting the policies of different groups com-

peting among themselves within the finite capacity of the

planet, to delineate areas of conflict or incompatibility in-

herent in national or regional policies.

The difficult task of decision-making is normally an un-

certain art. Objectives may be more or less clearly defined,

political or ideological principles may offer sound guide-

lines, and even good statistical data and qualitative analyses

of the given situation may be available; but the process

—

the desired option—is less clear, often less rational. Deci-

sions are usually based on the human assessment of these
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to the probable consequence of particular actions. The nor-
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Mankind today stands on the brink of a precipice—

a

new era in which global resources are rapidly dwindling
while demands for these resources are just as rapidly

increasing. We seem to be running out of everything—
food, energy sources, raw materials. Meanwhile, the

world population is growing by leaps and bounds. How
the world's societies will cope— indeed, if they

can cope-with these problems is the central subject of

Mankind at the Turning Point, the second report

sponsored by the distinguished Club of Rome.

With this work, evaluations and choices are clearly

presented. The current and future crises— in energy, food,

materials and the rest—can become error detectors,

catalysts for change and, as such, blessings in disguise.

And if mankind chooses to control and direct its own
future growth, the result will be "a dawn, not a

doom; a beginning, not an end."
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'An enormous step forward in our understanding of the

essence of the worst bottlenecks our world is facing."

—Dr. Jan Tinberger, Nobel Laureate in Economics
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