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PREFACE

Three convictions unite the members of the Club of Rome.

1. The long term prospects of our globai society are poor at
the moment, and the situation appears to be deteriorating.
The only viable solutions to global problems will be those
with a transnational perspective and a planning time horizon
much greater than those currently exhibited by any state.
Scientific attempts to identify the fundamental interactions
which determine the rate and direction of global evolution,
realistic asseésments of our feasible options, and concerted
efforts to achieve a more satisfactory global situation can lead
to a substantial improvement over our current situation.

Within the context of those convictions, the M.I.T. team has been
engaged in a set of empirical research and simulation modeling studies to
identify the lbng term global prospects and to evaluate alternative policies
in the context of their impact over the next 50 to 200 years. The following
material briefly describes the global model, World3, and the twelve sub-studies
which relate to it. No attempt is made to explain each model in detail, but
references are given to the more complete reports. Policy recoﬁmendations,

where already justified by the research, are briefly summarized.
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INTRODUCTION

For some four thousand years the condition of the human race
has been characterized by growth and chaﬁge. Technological development
has accelerated. Natural resources have been depleted. Our environment
has been poiluted at an ever-increasing rate. Population has multiplied
at least 50-fold and may double again within this century. Now there is
evidence thét growth is occurring too quickly to permit adaptation by
the planet's social institutions and its ecological systems.

Growth cannot continue indefinitely on a finite planet. We are
faced with an inevitable transition from world-wide growth to global
ecological equilibrium. Because of the time delays inherent in social
system change, decisions made now are already influencing the nature of
that future equilibrium. Will it be an equilibrium of poisoned lakes,
of oppressive crowding, of food shortage and a declining standard of
living? Or will we choose a different mode of equilibrium characterized
by a more desirable set of conditions? The shift from growth to dynamic
balance may be initiated by a catastrophe such as war or starvation.
Alternatively, transition could result from an enlightened, concerted,
international effort to adopt new values and define new goals.

The predicament of mankind is that we can perceive the individual
symptoms and the components of profound social problems, but we are

stymied in our efforts to comprehend the total situation and develop




global solutions. While perceptive individuals everywhere have begun
to recognize the inevitability and the dangers ofitransition Eo'equi-

librium, thinking and action have been confined to individual problem

areas. Demographers press for effective birth control measures.

Ecologists seek an end to the destruction of our natural environment.
Agricultural exéerts search for more efficient food production. All
would admit that there are important interactions among their various
approaches, but the conceptual framework, the analytical methodologies
and the vocabulary to unite the different fields have been lacking.
Recognition of these deficiencies by Dr. Aurelio Peccei and others
led to the formation of the Club of Rome and to its plans for an action-
oriented program on the 'Predicament of Mankind' to develop a formal
basis for concerted action on global problems. Phase One of that pro-
gram will evaluate the present world situation and the policy options
available to mankind as we move toward the equilibrium phase of our

development.




THE CLUB OF ROME

Ihe Club of Rome is a group of individuals deeply concerned about
the future of the world and the looming probiems which threaten human
society. The Club is informal, multinational and non-political. Its
members include scientists, humanists, economists, educators and business
leaders. None of its members are involved in current political decisions,
nor has the Club itself any ideological, political or national commit-
ments.

Many organizations, national and international, have been formed
in response to global problems. The speciallstrength of the Club of
Rome lies in its flexibility. It is not pre-committed to any doctrine
or to the welfare of any particular nation or group. Its membership,
though limited, is being deliberately extended to include representatives
of all cultures, and it is expected that the funds for its projects
will be derived from organizations and individuals in several different
nations.

To carry out its program, the Club of Rome has been incorporated in
Geneva as a non-profit association under the Swiss Civil Code. It has
established numerous contacts with key people in Ottawa, Moscow, Wash-
ington, Tokyo, Buenos Aires, Stockholm, Berne, Vienna and other capitals,
as well as in international organizations. While this high-level ex-

change of views will continue, the Club of Rome believes that it can




now undertake a program of research that will succeed in penetrating

and describing the complex nature and dimensions of the world's problems .
As a small organization, the Club recognizes its limitations

in directly affecting significan£ global change. 1t views its role

rather as that of a catalyst. It realizes that its program can

succeed only if its achieveménts are sufficiently new and important

that they attract a lasting group of adherents from different cultures

and various branches of scientific and political activity. To do that

the Club seeks to identify a new class of global problems and to pro-

vide the language, the methodologies and the criteria of success ap-

propriate for their solution.




THE CLUB OF ROME PROGRAM: PHASE ONE

Before initiating the first phase of its program, the Club of
Rome undertook a search for formal analytical ﬁethods which could
integrate rationally the many disciplines required for any overall
assessment of the current world situation. Meetings in Berne, Swit-
zerland and Cambridge, Massachusetts in June and July of 1970 led to
selection of one specific method, System Dynamicsl, as the foundation
of Phase One.

An important part of the conference work in Cambridge involved
formulation and analysis of a preliminary model (World2) developed
through the System Dynamics approach and incorporating many of the
global relationships underlying the complex of critical global problems
previously identified by the Club. Most of these problems, such as
malnutrition and pollution, result from the exponential growth of pop-
ulation and industrialization. Phase One thus focuses explicitly on the
dynamics of growth in population and production. Hunger, pollution
and other environmental factors are alreadv acting to limit that growth.

Thus an important objective of the project has become the study of problems

System Dynamics is a theory of system structure and a set of tools for
representing complex systems and analyzing their dynamic behavior.
Originally developed at M.I.T. by Professor Jay W. Forrester for
application to industrial problems, these tools are widely known as
Industrial Dynamics. However that name is a misnomer since the method
has been applied to over a hundred different systems ranging from
internal medicine to urban decay and the management of research and
development projects.




inherent in negotiating a deliberate transition from world-wide growth
to global equilibrium.
Development of appropriate models, identification of relevant data
and conduct of preliminary analyses are the most important tasks of
the first phase. The research will be conducted by an international
group under the direction of<Professor Dennis L. Meadows at the Massachusetts
Institute of Technology.
Later phases which extend the research initiated in Phase One,
diffuse knowledge about the critical problems, and propose appropriate
solutions will require a sustained, decentralized effort involving the

participation of many peoples and organizations. The effort must be

multinational and, therefore, Phase Two, the design of a decision making

testing laboratory (DEMATEL) based on the models developed at M.I.T.,
will begin in Geneva, Switzerland in June 1971. The global simulation
work will continue at M.I.T. in’support of the Club of Rome effort, but

funding will be sought from other sources.




METHODOLOGY OF PHASE ONE

History of System Dynamics

The field of System Dynamics has been developed at the Massachusetts
Institute of Technology through more than thirty years of continuous
effort directed toward the analysis and control of complex system be-
havior. From its birth in the study of relatively simple mechanical
systems it has grown to provide a single framewérk for understanding
the behavior of all electronic, chemical, biological and social systems
whose elements interact through time to produce system changes. Four.
lines of historical development prior to 1956 led to Industrial Dynamics

and then to System Dynamics. They are:

the theory of information-feedback systems
a knowledge of human decision-making processes

the experimental model approach to complex systems

the digital computer as an inexpensive means to simulate
realistic mathematical models

Study of mechanical servo-mechanisms at M.I.T. led to an awareness
in the early 1940's that time delays, amplifications and structural

relationships among a system's elements could be more important in




determining aggregate system behavior than the individual components
themselves. The concepts of information feedback and control were
developed to express the relation between structure and behavior.
More recent efforts to design automatic self-regulating control systems
have extended these concepts and shown them to underlie behavior in
all systems. |

The potential of competitive advantages obtainable through the
automation of data processing and routine decisions in large organizations
has focused much attention on the nature of human decision making.
Research conducted since the early 1950's suggests that important com-
ponents of the decision-making process are not entirely "free will"
but are strongly conditioned by the information present in the environ-
ment. Progress has been made in this field to thé point where we are
now able to model the basic structure of decision making.

It is not yet possible to derive general analytical solutions

for realistic ﬁodels of systems as complex as those encountered
in social systems. The alternative is an experimental approach based
on quantitative models of the system. First a mathematical model of
the social system is constructed. This model is a détailed description
of the decision processes in the system. It indicates how the conditions
at one point in time lead to subsequent conditions at later points in
time. The behavior of the model is observed and experiments are con-

ducted to answer specific questions about the system that is represented

by the model. '"Simulation" is the name generaily applied to this process




of conducting experiments on a model instead of attempting the experi-
ments with the real system. In simulation studies the goal is not to
predict the future, but rather to understand, in a pragmatic way, how
alternative changes in the current system are associated with different
modes of behavior over t;ime.2 The simulation approach, a fundamental
element of System Dynamics methodology; was developed at M.I.T. in the
early 1950's as engineers were forced to analyze systems too complex
to solve analytically.

The fourth foundation element of System Dynamics is the electronic
digital computer, which made the vast number of calculations required
to trace the behavior of a specific system through time economically
feasible. In the past fifteen years the cost of arithmetic computation
has fallen by a factor of 10,000 or mofe. Such a cost reduction creates
a totally different research environment. Computing machines have
become so widely available, and the cost of computation and machine

programming is now so low relative to other costs, that the former

"difficulties in conducting a simulation study no longer determine the

rate of progress in understanding system behavior.
A group of individuals from the engineering and social sciences
came together in 1956 under Professor Jay W. Forrester at MUl T SlsiSloan

School of Management to exploit these four developments. Their initial

This is an extremely important point. One can imagine many states
which could characterize the globe several decades from now: inter-
national warfare, rampant epidemics or prosperous tranquility. A
System Dynamics study would be less useful in predicting which will
exist than in indicating how alternative international agreements
would alter the tendency to move toward each of those conditions.




work focused on industrial applications and the field thus came to be

called Industrial Dynamics. The first major work was published under that

title by Professor Forrester in 1961.3 1; detailed the general principles
of complex system analysis and described their applications to inventory-
workforce control problems in large industrial organizations. As the
perspectives of the Sloan Schéol widened from business administration
to the management of broad social systems, the Industrial Dynamics group
undertook a larger range of problems. The methodology was extended
and refined through application to several hundred problems over the
next decade. Studies ranged from the mechanism of homeostasis in the
human body, to social proﬁlems of drug addiction and predator-prey
relationships in animal populations. The general principles and the
analytical tools which were developed in the course of these studies
are now called System Dynamics.

Several major Systém Dynamics studies have resulted in books. 1In

Dynamics of Research and Development Professor Edward B. Roberts relates

resource allocation, policies, scheduling rules and individual motivation
to thé per formance of large scale research programs.“ As urban problems
involving social unrest and economic decline became important in the
United States, Professor Forrester employed the principles of System
Dynamics to unify information from the fields of economics, sociology

and political science in a radical new theory of urban decay.5 His

3. Forrester, J.W., Industrial Dynamics, The M,I.T. Press, Cambridge,
Massachusetts, 1961. :

4. Roberts, E.B., Dynamics of Research and Development, Harper and Row,
New York, New York, 1964.

5. Forrester, J.W., Urban Dynamics, The M.I.T. Press, Cambridge, Massa-
chusetts, 1969. ;
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prescriptions for the ills of stagnant cities have brought support
to the Sloan School for a broadly based study of urban problems.
Developing countries receive more than ninety percent of their
foreign exchange earnings from the export of primary commodities
like cocoa and tin. Thus‘the pronounced instability in the prices
of these products has disrupted the development programs of many
poorer nations. Using System Dynamics methodology, Professor D. L.
Meadows has identified for the first time a general theory relating
the factors which make all commodities prone fo price fiuctuations.

Published in The Dynamics of Commodity Production Cycles this theory

is being extended now to permit the design of more effective control
methods.

The application of System Dynamics to those problems identified
by the Club of Rome will be a logical extension of work conducted
over the last decade. Implications of the research will be more
profound, but the elements of the approach, the underlying methods,

will be the same.

Application to World Problems

One important advantage of System Dynamics for the Club of Rome
program is that it represents real world relationships pictorially or
mathematically in terms quickly learned by everyone. Sophisticated
mathematical ability is not a prerequisite for understanding and using

the results of a System Dynamics study. Thus demographers, economists,

6. Meadows, D. L., The Dynamics of Commodity Production Cvcles, Wright-
Allen Press, 238 Main Street, Cambridge, lMassachusetts, 1970.




governmental leaders ar. others interested in global problems will be
able to apply the Phase One results readily to their own fields.
A detailed description of the System Dynamics approach is

available in Principles of Systems.7 A preliminary System Dynamics

model of the world, that developed by Professor Forrester for the July
1970 Cambridge meeting, is briéfly described here. It will illustrate
the use of System DYnamics in understanding the characteristics of global
equilibrium. Figure 1 is a flow diagram or pictorial representation of
the assumptions in the model. The assumptions deal explicitly with

the interrelations among the world's population, economic development,
natural resources, pollution and food production capabilities.

These interrelationships depend on many aspects of the real world.
Psychological factors influencing desired family size, biological effects
of pollutants, physical determinants of capital depreciation and the
economic influence of declining natural resource $tocks are among the
hundreds of factors which were considered in constructing the model.

Using the éomputer to conduct studies of model behavior requires
that each assumption be expressed very precisely. According to the
theory of System Dynamics only two types of variables, "levels" and "rates',
are necessary to express any relationship in a system. Levels.are
the state variables which characterize the system at any point in time.
Population, pollution, natural resources, capital investment and
agricultural capacity (represented by the fraction of capital invested
in agriculture) are the five levels in this preliminary model. All

levels are represented by rectangles [ =) ]. Model behavior depends

Forrester, J. W. , Principles of Systems, Wright-Allen Press, 238
“Aain Street, Cambridge, Massachusetts, 1968.
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on the quantity in each of those levels. Levels which are unimportant
are represented by clouds [LD].

Rates are the system’s action or policy variables which effect
changes in the levels. Birth rate, death rate, pollution generation
rate, capital investment rate and resource depletion rate are among the

rates important in understanding giobal equilibrium. Rates are represented

as valves [(C2g]. In this model rates control flows of people, capital

equipment, natural resources and pollutants. These streams are represented
by solid lines.

Since the rates acting on a level summarize all the biological,
political, social, economic and other factors which act to change that
level, they are generally complex expressions. Often one or more com-
ponents of a rate are sufficiently important to warrant individual atten-
tion. Called auxiliaries, these components are separated algebraically
from the rate and represented pictorially as circles [ Q ]. One such
auxiliary is the death rate pollution multiplier which represents
the influence of environmental pollution on the death rate.

Dotted lines in the flow diagram indicate influence in the direction
shown by the arrows. For example, food ratio, material standard of
living, pollution ratio and crowding all influence thé death rate through
their respective multipliers. Whenever a sequence of influences leads
back to its own starting point and thus forms a closed circuit, it
constitutes a feedback loop. One important feedback loop is that relating
pollution and population.8 The components of that loop are shown in

Figure 2.

8. The numbers on each element of the loop indicate the element's
location in the total flow diagram.
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Figure 2: Population -- Pollution Feedback Loop

This particular sequence of influencés is a negative feedback
loop. In any negative loop a change in one element sets in motion
a chain of events around the loop which eventually produces a counter-
acting influence on that element. For example, a decrease in population
decreases pollution generation and thereby lowers the level of pollution.
As a result, the pollution ratio decreases and death rate is lowered,
leading ultimately to greater population.

Feedback relations may also be positive. In that case a change
in one element is propagated about the loop to result ultimately in a

reinforcing change in the same element. Usually each element in a




svstem will be influenced by several positive and negative loops simul-
taneously. For example population is also involved in a positive feed-

back relationship with birth rate (Figure 3).

POPULATION

BIRTH RATE

BR

Figure 3: Population -- Birth Rate Feedback Loop

If population were suddenlykincreased, the number of people born per
year would increase and thereby raise population even more.

Feedback loops differ not only in their polarity, positive and
negative, but also in the delay with which their responsés are propa-
gated around the loop. The delays inherent in the second loop, shown in
Figure 3, are about fifteen to twenty years. Delays in the former loop in-
volving pollution and population may be fifty years or more. Thus it is
in general very difficult to determine intuitively the exact implications
of a given change for a particular level. An initial decrease in population
might lead in the model above to either more or less population ultimately
than if the decrease had not occurred. The final direction of the response
would depend on the strength and the delay of relationships inherent

in each loop where population is an element.




The fund of human experience contains much good information on
the nature of the individual relationships underlying global problems.
However, these relationships constitute feedback loops like those il-

lustrated in Figures 2 and 3. Thus when it is necessary to analyze the

probable effects of several simultaneous policy changes, human intuition

is completely inadequate. dur failure to control complex social systems

is not primarily due to any lack of data about their components. It stems
rather from lack of the necessary tools for structuring that data and
analyzing its dynamic consequences. Now, however, it is possible to include
in formal models all the information available. Any real world relation-
ship which can be expressed verballv can be incorporated in a System Dy-
namics model. Then computer simulation experiments can provide analyses
very quickly and inexpensively.

During Phase One a world model will be constructed which contains
the relationships necessary to represent and study many of the critdcal
global problems identified by the Club of Rome. Among them are:

explosive population growth with consequent escalation
of social, economic and other problems.

widespread poverty.

generalized malnutrition.

destructive agricultural practices.

irrational practices in resource usage.

increasing pollution.

limited understanding of what is feasible in

the way of corrective measures.

One dimension of our current dilemma is that actions made to alleviate




any of these problems often aggrevate the others. Intensive use of ferti-
lizers, for example, does increase food production, but it exacerbates
water pollution. Accelerated economic development raises material stan-
dards, but increases social tensions, pollution and the depletion of
natural resources. There are many alternative policies. Birth control,
development of more efficient crops, increased recycling of natural
resources and changes in the societal values which govern investment in
capital. Some combination of these policies can be effective, but alter-
natives must be evaluated in the context of their total impact on all
elements of our global society. The following simulations with the pre-
liminary world model illustrate the mechanisms of policy studies based

on System Dynamics models.




ANALYSES OF THE PRELIMINARY MODEL

Each of the following simulation runs is essentially an experiment
to determine the effect on total system behavior of one or more specific

policy changes made in year 1970 of the system's evolution.

= Run STD.S Standard run provided for reference.
- Run 128 Technological changes are introduced in
1970 which permit natural resources to be
used four times more efficiently.
Conditions in Run 12 are supplemented by
technological change which reduces the gen-
eration of pollution by 507 and by a shift
in social priorities which increases capital
investment generation by 20%
Because these analyses are based on the preliminary model WORLD2
they should be viewed primarily as illustrations of the approach, not

predictions of outcomes which could be expected if the policy changes

were actually implemented.




WORLD2-STD. S

This is the standard computer run from the WORLD2 model. The "S" suffix

indicates that the plot card has been changed to give predetermined plotting
scales and is done so that the curves can be more easily compared. The
standard computer run shows a peak in population at about year 2030 and
gradual decline thereafter. The population decline is occurring because of
the depressing effect of declining natural resources.

It is interesting to note that quality of life reaches its highest point
at 1970. <Can this be reasonable considering today's strong worldwide feeling
of distress and disenchantment? Perhaps so. A sense of well-being may be
related more to '"progress'" and to improvements since the recallable past than
to the absolute level of quality of life. A feeling of malaise could there-
fore occur at the peak of the quality of life curve because little improvement
has been observed in the preceding two decades.

In this standard run, pollution peaks in year 2050 at about 4.5 times the
pollution intensity of 197C. This is not a high enough value for pollution to

enter importantly into the overall dynamic behavior.
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WORLD2-12S

In this run the natﬁral resource usage normal NRUN1 has been reduced,
other things being equal, to 25% of its previous value in the year 1970.
This is equivélent to assuming that recyciing‘of waste and new techno-
logical advances will reduce the seriousness of declining natural resources.
This computer run should be compared with the standard run. We see that
declining natural reéources no longer depress population through their
effect on production. Instead, population and capital investment continue
to rise until an environmmental crisis arising from pollution asserts itself.
Note that the pollution scale has been changed from that in the standard run.

Here the scale extends from 0 to 80 rather than 0 to 8.
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WORLD2-22S

For this run three changes havelbeen made in the standard model.
Natural resource usage is reduced to one quarter of its previous rate as
in Run 12S. In addition capital investment generation is increased 207% and
pollution generation has been reduced from 1 to 0.5.

We see that the reduced pollution generation allows population to rise
longer before tﬁe coilapse occurs. With a smaller rate of pollution generation,
other things being equal, population and capital investment continue to rise
until environmental overloading again occurs. Here the peak population oc-
curs about ten years later than in Run 27S.

In 1970, the usage rate of natural resources was substantially reduced
and we see that the natural resource curve levels slightly at that time.
However, as population and capital investment'both continue to rise, the
natural resource usage rate is pushed upward again by sheer magnitude of
consumption rate and, by the year 2100, the natural resource level has
fallen lower than in the standard computer run. Again, we see the
self-defeating effect of many policy changes in complex systems. A reduced
natural resource usage rate allows population and capital investment to
rise far enough to compensate for the reduced consumption, other things

being equal.
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In Phase One all of the relationships in this preliminary model will
be subjected to vigorous scrutiny by those with exﬁertise in the appropri-
ate areas. A thorough review of the relevant literature will be made. The
model will be extended to represent relations among the advanced and the
.less developed'countries. Experts in population, economic development, and
other relevant fields will be involved in these efforts.

The preliminary efforts illustrate that one can cut across traditional
boundaries in a study of global problems. The psychological, economic, bio-
logical, social, and political aspects of our current dilemma can be in-
corporated in formal modals. It is the Club of Rome's profound hope that
such models will permit an improvement in our ability to consider rationally
and productively the implicétions of current world trends and the options

associated with the ultimate transition to global equilibrium.




WORLD 3: THE GLOBAL MODEL

Ultimately--and the sooner the better--there must
be a shift in the fundamental concerns of our society
from a preoccupation with growth in the quantity
of everything around us to a realization that quantity
and quality have become irreconcilable enemies of
one another.
Dr. Rufus E. Miles, Jr.
President
Population Reference Bureau, Inc.

Objectives

The exponential growth of population and capital tempers all
global problems--unemployment, starvation, disease, pollution, the
threat of warfare, and resource shortages. All are influenced im-
portantly by the interaction of population and capital. No attempt
to understand our long-term options can succeed unless it is firmly
based on an understanding of the relationships between these two
forces and of the ultimate limits to their growth. World 3 explicitly
represents the growth forces as a function of the biological, politi-
cal, economic, physical, and social factors which influence them.
It permits analysis of the policy alternatives for natural resources,
birth control, food production, economic development,'etc. which
we must now begin to evaluate.

Population and birth constitute a positive feedback loop.

More people produce more births and more births result in more

N S

POPULATION (1:) BIRTHS

INVEST- ('i-) CAPITAL
\—j MENT } ’




people. Wherever there is a dominant positive feedback loop of this
form, exponential growth will be observed. Wherever exponential
growth is observed there must be a positive feedback loop of this
type. .Capital produces industrial output. Greater output, all

else equal, results in a larger investment and thus in more capital.
The interactions among population and capital determine the rate

at which each of them grows. The interaction takes many forms

(Figure 1, p. 34).

Basic Structure

As a greater fraction of output‘is diverted from investment,
the growth rate of capital decreases. Output may be diverted to
consumption and services, to agriculture, and to military expen-
ditures. As consumption and services increase, health and education
improve, average lifetime becomes greater, deaths dec;ease, and
population grows. Similarly, output may be diverted into agricul-
tural capital which results ultimately in greater food and food
per capita asAwell as a higher average lifetime. The primary de-
terminant of the fraction of output reinvested is the output pef
capita. Where production per capita is low, most of the output
must be diverted to consumption, services, and food. Those invest-
ments interfere with the accumulation of a large capital base and,
at the same time, stimulate the growth of population. Population
can increase much easier than capital in traditional societies.

Thus a population with a low output per capita finds it very difficult
to achieve economic growth.

Output diverted into ﬁilitary expenditures subtracts capital




from the system and does not generate future growth directly.
Industrial output also leads to the depletion of natural resources.
As natural resources decline, the efficiency of capital decreases
and output/capital goes down.

Output per capita is the single positive force acting to slow
the population explosion. As output per capita increases, the de-
sired family siée declines, the birth rate goes down, and population
growth typically decreases. The influence of this is accelerated
somewhat by the fact that as death rates‘decline there is a further
decrease in desired family size. A large portion of the world's
parents bear children primarily as a source of support in their
old age. If there is a high mortality rate, one must bear three
or four sons to insure that one will live. Thus as the perceived
death rate decreases, birth rates also decline. Output has one
additional impact. Output leads to the generation of pollution.
Pollution decreases food, and also decreases the average lifetime.
Most global problems have important roots in this simple set of
interactions.

For example, behind the program to implement the Green Revolution
has been the assumption that an exogenous increasé in food production
capabilities of the less developed countries would permit less
output to be invested in agriculture and more ta be reinvested
in capital, moving the process of capital investment into the phase
of self-sustaining growth. A secondary argument has been that the
increased food per capita would decrease deaths somewhat and thereby

depress the birth rate.




In fact an alternative conclusion might be justified. The
increased food from the Green Revolution might as easily increase
the food per capita, decrease the death rate, and leave population
to grow very rapidly. Should this happen, the increase in population
might be very much greater than the increase in capital. Output
per capita could remain the same or even decline, thereby drawing
a larger percentage of output into consumption and services and
maintaining the stagnant economy.

The Green Revolution has been implemented only for three years.
Thus the resolution of this issue is still a few years off. However,
it is ironic that while billions of dollars ﬁere spent in massive
1mode1ing efforts to think through every future step of a program to
land three men on the moon, no similar effort was made to understand
beforehand the possible implications of the Green Revolution for
our ability to maintain three and one half billion people on the

globe. The global model is a first tentative step in the develop-

ment of tools necessary for such analyses. The full set of assump-

tions are represented in the DYNAMO flow diagram (Figure 2, p. 35).

Preliminary Conclusions

This model is based on the best available data found and summarized
through our six months of effort. It has been evaluated by experts in
universities, in national governments, and in various United Nations agencies
in the U.S. and abroad. There is little disagreement with the preliminary
conclusions.

1. There is no possibility of sufficient technological and

cultural progress occuring in the next 100 years to sustain




as many as fourteen billion people on our globe. Since the
doubling time of population is currently 32 years and decreasing,
this means that sometime within the next 60 years population
growth will undergo a profound deceleration.

There is no possibility of bringing the vast majority of those
living in the developing countries up to the material standard
of living enjoyed by the developed nations.

There is a strong probability that the western nations will
witness a marked decline in their own material standard of
living within the next 3 or 4 decades.

There is no unique, optimal long-term population level. Rather
there is an entire set of tradeoffs between personal freedom,
material and social standard of living,and the population level.
Given the finite and diminishing stock of resources on this
globe, we are inevitably faced with the necessity to recognize
that more people implies a lower standard of living.

There is, in theory, no fundamental human value which could

not be better achieved through a substantial lowering of the
global population base.

There is a very strong probability that the transition to
global equilibrium will involve a traumatic decline in popu-
lation. It is our conclusion that the overwhelming task for
the Ciub of Rome is to identify and implement that set of policies
which will permit us to negotiate an orderly transition to
equilibrium. We must bring a transition which, though it will

cause drastic changes, will leave us with most of the attributes




which we value in our society and which will preserve options
for those who must live on this globe a century and more from
now.

No one we have talked with has offered any scientifically based disagree-

ment with the aﬁove conclusions. To the contrary, many at high levels

of the U.N., the World Bank and similar organizations hold personal

opinions much more pessimistic than thase of our project staff.

Hierarchy of Research

It has become clear that a global model already can provide insights
into the general nature of the 1imiting_factofs on growth and can provide
an overall context for conversations and investigations about specific
aspects of global problems. It can point very sharply to the necessary
interface conditions which must be met by policies addressed to the
problems in any particular problem sector. It aids in identifying the
critical areas of effort. World3 has served all these purposes. Its
design and its runs will be described during the conference. Its flow
diagram is enclosed as Figure 2.

To ensure confidence in theconclusions of World3 it has been necessafy
to go in detail to each of the five sectors: Capital, Food Production,
Pollution, Population and Natural Resources, and to éxamine certain social
and political phenomena not specifically addressed by the global model.

We have undertaken a hierarchy of research studies. Each sub-study
addresses a critical phenomenon identified in simulating the global
model. The results of each sub-study provide insights into the level of

aggregation and the important factors which should be included in revisions




of the global model.

This hierarchy of research is portrayed graphically in Figure G L3
Each of the studies identified there is described in the remainder of

this material.
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THE FLOW OF DDT IN THE ENVIRONMENT:
FROM CHEMICAL PLANT TO BIOMASS

World Model Sector: Pollution Jérgen Randers
Dennis L. Meadows

General Problem Area.

When the insecticidal value of DDT was discovered and the chemical was
put to use in the 1940's, it was believed that the ultimate weapon in man's
continuing struggle against pests and insect-borne diseases had finally been
found.

Today, however, after the appearance of strains of pests which are immune
to DDT and after the discovery of DDT residues in human and animal fat tissue
all over the world, a certéin doubt has entered the arena. Many people want
DDT banned while others do not, and the fight for and against DDT has raged
for the last 10 - 15 years. The disagreement is strengthened by the fact that
very little is known for certain about the distribution of DDT in nature and
its effects on life.

Specific Questions to be Answered.

Since tﬁe Halflife of a DDT molecule is of the order of 10 years, it can
move long distances before it is finally broken down. The purpose of the study
is to assemble into one model all current knowledge about DDT to determine the
future implications of the roughly 100,000 tons of DDT produced annually. We
are interested in the global aspects of the question, not the localized effect
in the sprayed area. -

The model has been developed to answer questions like the following:

If we ban DDT today, what effects will this have on the future concentration




Sl

of DDT in fish? Will DDT concentrations really start to decrease at once
as one tends to expect? Is it necessary to know numerical values for the
parameters (e.g. degradation halflives, evaporation rates, concentration factors,
excretion halflives) in the system with great accuracy before making meaningful
policy decisions regarding DDT? If so, on which parameters should we focus
our research effort?
The Model.

Our study of the existing literature led us to the conclusion that the
important routes followed by DDT in the environment are the ones shown in
the field flow diagram in Figure 1.

The more elaborate DYNAMO flow diagram is shown in Figure 2.

Model Simulations.

Running the model using the best existing estimates for the parameters
in the model resulted ih the output shown in Figure 3. The run uses historically
correct application data for the time period 1940—1970——following this year,
however, we have assumed a gradual decrease in the usage of DDT over the next

25 years. As can be seen from the figure, the DDT concentration in fish does

not peak until 11 years after the year of maximum DDT usage (i.e. 1971). More-

over, the concentration of DDT in fish does not fall below the 1971 value until

1996 (i.e. only after 25 years).

To determine whether the above conclusions are very sensitive to the
parameters values used, two runs were made (Figures 4 and 5) with respectively
extremely pessimistic and extremely optimistic choices of parameters. The
result was a delay of, respectively, 20 years and 7 years between maximum

application and maximum DDT concentration in fish.
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Policy Implications-.

Keeping in mind that fhe two last choices of parameters represent ex-
tremes which are quite unrealistic, we think that it is safe to say that a
"delayed response'" of DDT concentration in fish with respect to a decrease
in the use of DDT will occur. Further, the length of the delayed response
and the levels to which DDT pollution rises even after DDT usage begins to
decline both suggest that waiting for damage at environmental levels to be
proven before application is decreased is not an adequate policy. Even a total
ban\on the use of DDT leaves society exposed to high levels of DDT contamination
for 30 years. The results of a complete ban are demonstrafed in Figure 6. It
should be noted that even in this case we will have half the present concen-

tration of DDT in fish in 1990.

Contacts and Information Sources.

The study report will be included in the official reference materials
for the United Nations Conference on the Environment in Stockholm in 1972.
Thirty-three literature sources have been incorporated in the full

report.

Future Research.

A draft report on the stﬁdy is in preparation. This will be submitted
to pesticide scientists and ecologists for criticism. A revised version will
be submitted for publication in May.

¢ The structure of the DDT model is relevant aléo to the flow of heavy
metals and other long-lived pollutants (e.g. Mercury) through our ecosystem.
The model and its coefficients will be adapted to model several other poten-

tially important pollutants.
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Where to find more.

The final report will be available after May 1, 1971 from

Jdrgen Randers

M.I.T. " E40-214

Cambridge, Massachusetts - 02139
U.S.A.
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WORLD MODEL SECTORS: NATURAL RESOURCES AND POLLUTION

The Dynamics of Solid Waste Generation

Jdrgen Randers

General Problem Area: Natural Resources and Solid Waste.

All industrialized countries have an urgent solid waste problem.

The problem, which is characterized by an ever-increasing solid waste
generation rate, has two aspects: a pressing shortage of waste dumping
areas and rising depletion of non-renewable natural resources.

The flow of the earth's natural resources into enormous junkyards of
solid waste must be slowed down. If we do not succeed in this, the indus-
trialized world will certainly be unable to maintain its high standard of
living while the less developed world never will catch up with our present
level.

The Specific Question Studied: How do we reduce the solid waste generation rate?

We want both to slow down the consumption of natural resources and to
reduce the environmental degradation caused by the growth of our dumps. The
one satisfactory approacﬁ is to reduce the flow of materials from natural
resources to solid waste. If the standard of living is not.to be immediately
decreased, this can Eractiéallz be done only by increasing the products' life-
times (no planned obsolescence, cheaper répair) or by recycling of the material
in the discarded products.

Hence we would like to answer questions like: ‘What determines the size
of tﬁe material flow from natural resources to solid waste? What determines
the percentage of virgin and recycled material in the flow? .How can one
increase the recycled fraction? what are the effects of using more durable

products? What are the relative advantages of different policies (e.g. tax
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on extraction, subsidy for recycling) meant to enhance recycling? Can we
afford to let naturally occurring price increases stimulate recycling, or
should we undertake now to subsidize recycling and sponsor research to develop
better recycling technology?

Solid Waste System for a single resource from an international point of view.

In order to study the above mentioned questions, we constructed a System
Dynamics model based on the feedback interrelationships shown in Figure 1
(Figure 7 in Solid Waste Paper)* These feedback loops determine the behavior
of the natural resource - solid waste system when the system is viewed ffom
a rather aggregate point of view.

The flow diagram of the computer model itself is shown in Figure 2
(Figure 21 in Solid Waste).

OQutput from the Model: How does the natural resource - solid waste system
respond to policy changes?

The system parameters were chosen so that the model represents the
world's copper market, and the resulting run is shown in Figure 3 (Figure 24
in Solid Waste). (The horizontal axis shows the time in years.)

Figure 4 (Figure 26 in Solid Waste) shows the results of introducing
a subsidy for recycling while Figure 5 (Figure 31 in Solid Waste) shows the
results of making products with longer lifetime.

Policy Implications of the Study.

No one policy can avoid the ultimate depletion of our natural resources;
it is, however, possible to postpone its occurrence substantially by a
arefully chosen set of policies.

It is also useful to note that some of the more obvious policies have
unexpected ('counter-intuitive') effects -~ like the fact that a reduction

of the raw material per product may in fact increase the solid waste generation

* '"Solid Waste Paper" refers to the study report (see page 500f this summary) .




48.

rate because the "light-weight" products have a very much shorter product
lifetime. Also the cost-effectiveness of different policies varies widely.
The actual effectiveness can only be determined through simulation analyses.
Work with the model has led us to the following general conclusions:
1. "Recycling ought to be supported heavily and immediately by
taxing extraction or subsidizing recycling -~ for instance by
supporting technological advances which make recycling less
expensive and by attempting to make products that can be re-
cycled more easily.
One should strive towards increased product lifetime -- by making
better products and by providing better repair and maintenance
service.
One should strive towards minimizing the amount of raw material
in each product, but, and this is extremely important, only as
long as this does not lead to unduly shortened product lifetime.
What we want to minimize is

amount of solid waste per product
product lifetime

which is equal to the solid waste generation rate (in tons/year)

for one product. We are not interested in reducing the solid
waste per product if that leads to a proportionally shorter
product lifetime.

Objectives 2 through 3 can Be attained by a tax on products which
is proportional to the waste in the product divided by the
product lifetime.

Such a tax would represent an incentive to industry to reduce

the solid waste per product to a minimum (e.g. by making products




easily recyclable or by reducing waste through improved
construction) and at the same time to increase product life-

time (e.g. by better construction or better repair and

maintenance facilities).

It should finally be pointed out that these policies ought to

be implemented as fast as possible in order to have maximum effect.
If we Qait for natural price increases or the first resource
shortages to initiate these policies, it will be too late to
forestall severe shortages.

Outside Groups reporting interest in the Project.

The Massachusetts Commission on Solid Waste Recycling represented by
Professor David Wilson, M.I.T., has expresséd interest in the present work
and requested that its recommendations be presented before the Committee.

United States Senator Thomas Eagleton, who obtained a copy of the pre-
liminary study report, sent it to Mr. William Ruckelshaus, Director of the
Environmental Protection Board in Washington with a special recommendation
that it be studied for its relevance toward current U.S. resource policy.

A seminar on the early phases of this work was pfesented before
Resources for the Future, Washington, D. C.

Finally, The Royal Norwegian Council for Scientific and Technological
Research has requested permission to use the study in an attempt to decide
on long run policies regarding pollution and.solid waste in Norway.

Future Research.

We will revise the preliminary study report to reflect the comments we
have received and write up the final draft. Then this model will be combined

with the model of technology advance by William Behrens before adapting its
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coefficients to represent several specific, critical resources.

Where to Find More on the Subject.
|

The complete study report, 'The Dynamics of Solid Waste Generation"

(76 pages with 39 figures) can be obtained from

Jgrgen Randers E40-214

Massachusetts Institute of Technology
Cambridge, Massachusetts - 02139
U.S.A.
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Global Model Sector: Population
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WORLD POPULATION DYNAMICS

Donella H. Meadows

INTRODUCTION

About 73 million people will be added to the world's popula-
tion in 1971. By the year 2000, if present trends persist, the total
world population will double, and 7 billion people will inhabit our
globe. Population growth is clearly one of the major driving forces
in the complex of world problems which has drawn the Club of Rome
members together. Any discussion of the future, any policy recommen-
dation, must be based on an undefstanding of the causes and consequen-
ces of population growth. The population sector of the world model
has been constructed and carefully documented to represent, on a broad
scale, the major factors which have led to our present rapid growth
rate and which may influence it in the near future. A more detailed
model, examining the many biological, economic, and cultural influen-
ces on human fertility in the underdeveloped countries, is described

in the following section.

THE WORLD POPULATION PROBLEM

A field-flow diagram of the WORLD 3 population sector is in-
cluded on the next page (Figure 1). The DYNAMO flow diagram and
numerical equations can be found in the total WORLD 3 diagram and

documentor output.

The rate of population growth is determined by the balance
between the number of births per year (forming a positive feedback
loop with population) and the number of deaths (involved in a ne-
gative feedback loop). In the early history of man both birth rate
and death rate were high and nearly equal. World population doubling
time before the year 1650 averaged 1500 years. Since 1650 the popu-

lation doubling time has gradually decreased to its present value of
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32 years. The priﬁciple cause of this unparalleled surge 6f popu-
lation was the rise of industrialization,which fostered the develop-
ment of modern medicine and permitted better nutrition. Life ex-
pectancy in Europe rose steadily over a period of nearly 200 years,
from a value of 30 years in 1789 to 70 years in the 1960's. (The
‘important effect of medicine on the death rate is represented in

WORLD 3 by the connection from service expenditures through health

N O . N ol as

services to average lifetime. Averaée lifetime is also affected by
food, and as agricultural capital is generated by the economic sec-

tor, food production and distribution are presumed to increase.)

With falling death rates during the period of economic develop-

ment, the positive feedback loop of births became the dominant fac-
tor in determining the population level. The resulting great popula-
tion increase in Europe was absorbed partially by migration to the
New World and partially by urbanization, as new jobs were created by
growing industrial capital. Eventually the birth rate fell, but
never so far as to come into full equilibrium with the death rate.

In no major developed area of the world today is there a zero or

negative rate of population growth.

In the underdeveloped countries, where two-thirds of the world's
people now live, death rates are falling much faster than they ever
did during the development of the West. Modern medicine, public health -
techniques, and better food distribution methods have proved easy
to export to the poorer countries. As a result, the balance between
birth and death rates in the underdeveloped world has been severely
disturbed. The population of Latin America has a doubling time of
24 years, that of Africa 26 years, that of South Asia 25 years. At
the same time there is no New World to absorb migrants and only a weak
capital base to create new jobs. The situation has been getting
rapidly worse in the last 20 years as death rates have plummeted and

birth rates have remained high (Figure 2).




The global population doubling time in the next decade or
two will almost certainly continue to decrease. Death rates have
not yet completed their decline. The world average life expectancy
in 1969 was 53 years. That of India was 43 years, Peru 55 years,
and the African continent 43 years. If birth rates remain at their
present level, all present forecasts of future population growth
will be too low. The supra-exponential population growth curve will
continue until some limiting factor -- food shortage, crowding,
pollution, or breakdown of health services —-- increases the death
rate again to bring a new equilibrium (or very much slower rate of

growth) at a higher level of population.

Will the birth rate decrease, as the family plamners of the
world hope? The WORLD 3 model has assumed three major determinants

of birth rate. One is the maximum biological birth rate, the rate

at which a populétion would produce children if there were no vo-
luntary checks on intercourse or fertility. The maximum biological
birth rate is essentially constant around the world.1 The desired
birth rate is the rate at which births would occur if all unwanted
births were eliminated -- if every family produced exactly its de-

sired number of children. The birth control effectiveness measures

the degree to which the population can achieve its desired birth rate.
It is, in other words, a moderator between maximum and desired birth

rate.

Both desired birth rate and birth control effectiveness are in-
direct functions of industrialization, or the standard of living of
the population. It is empirically well established that a low living
standard leads to a desire for a large family. As income is raised,
desired family size decreases, until, at very high income levels, there

is a weak positive relationship between per capita income and number of

10 Trends towards improved nutrition actually increase the maximun
fertility, but this is a secondary consideration.




children desired. At the same time, a higher income (and the
resulting better education) tend to make birth control effectiveness
higher. The following graph of 1969 birth rates of the various
countries of the world vs. GNP per capita (Figure 3) illustrates the
strong effect of income on birth rate in all the major cultures of the
world; The two main exceptions, Venezuela and Libya, are countries
where the wealth, in both cases from oil exports, is very unevenly
distributed. The actual per capita GNP of the vast majority of the
population is far lower than that indicated, and therefore the birth

rate remains high.

The most important point to be derived from the WORLD 3 model of

fertility is that effective birth control is a necessary, but not a

sufficient condition for low birth rates. If the population actually

wants a large number of children, family planning programs will have
no effect, other than to replace the primitive control methods already
used by every population (abstinence, abortion, withdrawal) by more
palatable methods. The most effective lever for reducing birth rate

is an economic one.

CONCLUSIONS FROM THE STUDY

(1) The growth of world population must be checked as soon as
possible. There will be a long and unavoidable delay between a drop
in individual fertility and a decrease in total population growth, due
to the extremely young age distribution of the population. If a
voluntary decrease in the world birth rate does not occur soon, there
will be an inevitable, uncontrollable increase in the death rate, due

to some natural negative check in the system.

(2) Improved contraceptive measures and family-planning
programs will continue to have no effect where there is no effort also

made to influence the desired family size of the population.
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(3) In the developed countries, desired family size can

probably be best influenced by population education campaigns and

by financial penalties for large families.

(4) In the underdeveloped countries, the economic level of
the entire populace must be raised, jobs must be created, and education

must be improved before desired family size can be changed.

(5) If the present population growth rate of a given country
is so great as to absorb by consumption all economic gains, consi-
deration must be given to possible, temporary, involuntary population

control measures.

(6) Wherever world health organizations conduct campaigns
to lower the death rate in an underdeveloped area without a simul-
taneous program of economic betterment and family size control, health
gains will be temporary, and the long-term effect will be the pre-
mature deaths of a much larger number of people than if the system had

been left to evolve naturally.

PUBLICATIONS AND DATA SOURCES

A 60-page first draft documentation of every equation in the
WORLD 3 population sector has been completed. It will be reproduced
and made available for distribution by the end of April. This paper
should be regarded as a preliminary documentation, since numbers
are changed and equations revised continuously, as new data becomes

available.

The author has served as a research associate of the Harvard
Center for Population Studies and the M.I.T. Department .of Nutrition

and Food Science during the preparation of the WORLD 3 population sector.




Members of both institutions have made substantial contributions

to the data and concepts incorporated in the model. Among them are:

Dr. John E. Gordon
Senior Lecturer
Department of Nutrition, M.I.T.;

Dr. John B. Stanbury
Professor of Nutrition, M.I.T.;

Dr. David M. Heer
Professor of Population Sciences
Harvard University;

Dr. John B. Wyon

Senior Research Associate and
Lecturer on Population Studies
Harvard University;

Dr. Charles Neave
Assistant Professor of Population Studies
Harvard University;

Dr. Harold A. Thomas
Professor of Civil and Sanitary Engineering
Harvard University.

Other important sources were:

Dr. ‘Catroll L. Wilson
Professor of Management, M.I.T.;

Dr. Milos Macura
Director, Population Division
United Nations, ECOSOC.

And publications of:

The Population Council;
The Population Reference Bureau;

The United States Agency for International Development.




POPULATION DYNAMICS IN THE TRADITIONAL AGRICULTURAL VILLAGE

Global Model Sector: Population Donella H. Meadows

Introduction.

Fifty percent of the world's people, seventy-five percent of the people
in underdeveloped countries, live in traditional agricultural villages. These
villages are characterized by a direct dependence on the output of the village
land, a near-subsistence standard of living, a high birth rate and, thanks to
the spread of modern pubiic health measures, a rapidly falling death rate.

The people in the villages have found two ways of dealing with the recent
increase in their population growth rate. They cultivate the'village lands
more intensively, and they‘migrate to the town or city, in hopes of finding
a better living there. Migration is an effective release of population pressure
for the village, but it creates immense problems for the cities. Jobs, homes,
and educational facilities must be found for the influx of unskilled laborers
and their families. If the capital base is not sufficient, the result is a
ring of squatters' shacks around each city, and, eventually, a high probability
of social unrest. |

The governments of the underdeveloped countries have instituted numerous
policies designed to impact at the village level. Examples of such policies
are family planning to decrease the birth rate, the Green Revolution to raise
the village productivity and the standard of living, and decentralization of
industry to reduce the flow of migrants to the city. The village system has
proved extremely resistant to any of these changes. 1In particular, no birth
rate of any traditional society has been changed'by any factor other than a

sustained rate of economic growth substantially greater than the rate of




population growth. In other terms, there has been no successful family planning

effort in any area where per capita income was low and not growing.

Object of the Study.

What factors*influence birth, death, and migration rates in an agricul-
tural village? What are the internal regulatory mechanisms already existent
in the village? 1Is there any alternative way to decrease fertility other
than vast economic investment? How much and by what mechanisms may present
development programs be expected to modify the traditional village society?
Could one devise a program which works within the present village structure
to aid the acceptance and achievement of national developmént goals?

We have begun a detailed model of the population dynamics of the tradi-
tional agricultural village in an attempt to answer the above questions and to
illuminate the underlying dynamic structure of the World3 population sector.
The preliminary work on this model has been divided into four sectors. This
paper will discuss the determinants of fertility and mortality of the traditional
village. The following two papers deal with the causes and consequences of
migration and the effect on the system of changing aspirations and contact
with the outside world. When these three sectors are completed and interlocked,
they will be combined with the agricultural model prepared by Dr. Erich Zahn
under the economic sector of World3. Possible policieé, such as education,
family planning, and agricultural modernization, will be modelled as exogenous
influences to test the response of the total village system to outside pressure.
A search will be made for a policy or combination of policies which

1. decreases the growth rate of the village populagion
2. decreases the rate of net out-migration

3. increases the standard of living of the village.




The Village Fertility-Mortality Model.

The following flow diagram (Figure 1) illustrates the basic relationships
assumed for the fertility and mortality sectors of the agricultural village
model. Population is indicated as a single level, although it may be necessary
to disaggregate it by age, to represent short-term fluctuations in the birth
rate and the size of the labor force.

The female reproductive cycle is explicitly represented, so that factors
such as long breast-feeding, which is a known anti~-fertility measure, can be
assessed. Abortions and stillbirths, frequent in many traditional societies,
are included, since they may significantly increase the average interval between
successful pregnancies. Net births refer to children who survive until age two.
Infant mortaiity is assumed to have a short-term effect on fertility, since
there is often an immediate attempt to replace a dead child. Thus the current
proposal to decrease fertility by attempting to lower infant mortality can be
weighed against the concomitant increase in net births. Adult mortality has
a more long-term effect on desired family size. Effectiveness of contraception
plays much the same role as it does in the World3 population sector -- it
determines how effectively a family can reduce its fertility to the desired

level rather than that which would prevail if no contraception were employed.

Conclusions.

The simulation runs presented in this section must be regarded as preliminary,
since they are based on simplified assumptions about migration and social change.
A more accurate representation will be possible when the migration and aspiration
sectors, described in the following papers, are combined with the fertility
model. These runs are included only to demonstrate that the model village

displays the same stability as real villages in underdeveloﬁed countries, and
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that the model response to external policies is characteristic of real-
world results.

Figure 2 shows the natural equilibrium of an agricultural village with
no contact with the modern world. Births and deaths are high, food and income
are at subsistenge levels, and the slight rate of population increase is ex-
actly balanced by a small stream of out-migrants. Total village population is
constant.

In Figure 3 a team of public health workers comes to the village at
year 50 and gradually establishes public health improvements and medical care
facilities. Medical care increases gradually from year 50 to 100 and then
stays constant at a high level. Both adult and infant mortality rates decrease
and net births increase since fewer babies die. The village population increases
from its equilibrium value of 8,000 to about 12,000. As a result food per
capita decreases, causing a rise in number of out-migrants and in death rates.
Eventually a new equilibrium is reached, in which the village has more people
living at a lower standard of living, sending more migrants to the city. In
spite of the better medical care, the adult mortality rate has decreased only
slightly and the infant mortality rate has actually risen because of poor
nutrition.

Figure 4 illustrates a development program similar to those in effect
today. In additidn to the medical care increase introduced in Figure 3,
gradual increases in agricultural output and in birth control efficiehcy
(a family planning program) are imposed, beginning in year 50 and continuing to
year 200. There is a sudden drop in death rate and an initial increése in net
births (due to greater survival of infants), followed by a gradual decline in
the birth rate. Per capita income and food rise at first, but in the long

run the increase in population outstrips the increasing land productivity,
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and both food and income per capita decrease. At the end of the run the
village population is over 25,000, and nearly 200 migrants are leaving for

the city each year.

Data Sources.

The preliminary data source for this study is the Work ofi Dr. John B
Wyon, of the Harvard Center for Population Studies. Dr. Wyon was the field
director of a classic population study in eleven villages of northern India

(The Khanna Study, J. B. Wyon and J. E. Gordon, Harvard University Press,

1971). He has assembled a wealth of data on every aspect of fertility and
mortality in the study villages, and, from his eight years of residence there,
he has gained a deep understanding of the way in which traditional agricultural
villages function. With Dr. Wyon's substantial participation, we have patterned
the initial model structure and data after villages of north India.

We hope to demonstrate the general validity of the model by gathering
data from at least one other country to provide inputs to the model. Possible
countries with good data sources are Pakistan and .Iran. The Harvard Center
for Population Studies has a major project underway on Pakistan land and water
development, which may provide contacts. Demographic data has been assembled
for East Pakistan by the Pakistan-SEATO Cholera Research Laboratory in Dacca.
Our colleague, Farhad Hakimzadeh, has established contact with John Friesen
of the Population Council in Teheran, Iran. Both Mr. Friesen and Dr. Jacquiline
Rudolph-Touba, of the Institute for Social Studies of the University of Tehran,

have been most helpful in answering questions and supplying data.

Publications.

A detailed proposal outlining the village study has been submitted for one

year of funding from the Ford Foundation. If the funding is forthcoming,
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interim reports on the progress of the model will be issued throughout the

coming year. Copies of the initial proposal and subsequent reports may be

obtained from

Dr. Donella H. Meadows

M.I.T. E40-214

Cambridge, Massachusetts - 02139
UL SEAT




RURAL-URBAN MIGRATION IN DEVELOPING COUNTRIES

Global Model Sector: Population Michael R. Goodman

Introduction

Migration into urban areas of developing countries seems to be a
natural response to growing 'population pressures" in rural areas.
Unfortunately, the present flood of migrants in developing countries can
not be absorbed fruitfully in the industrial sectors of the urban areas.
Thus migration threatens to slow economic growth and to bfing social
upheaval. Of particular interest to national governments are the
specific components of the pressure or inducement to migrate from
traditional agrarian villages. A general model of rural to urban
migration that focuses on the rural origin of the migrant and considers
both social and economic factors causing migratiop is being developed
for eventual use in the Village Population Model. Figure 1 presents
the general causél relationships perceived as being the underlying

determinants of migration.

Object of Study

The migration model will provide the answers to the following
questions:
1. Do rural-urban migration trends being observed in developing
countries differ qualitatively from the trends observed during

the economic growth of the presently developed countries?
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a. Are present trends 'maturally" part of industrialization?

b. What are the specific effects of the Green Revolution?

c. What are the misconceptions surrounding rural-urban migration?
What are the control points where policies to regulate migration
might prove most effective?

Where should specific demographic research be carried out in order

to more fruitfully understand migratory behavior in underdeveloped

countries?

Conclusion
It is premature to make specific policy recommendations without
a fully developed migration model. Preliminary investigation reveals,
however, that there are at least important quantitative differences between
the migration streams in developing countries today and the similar
population movements once found in the developed countries:
1. Migrants in underdeveloped countries appear to be seeking economic
opportunities in any form rather than "better" opportunities
in urban areas.
Migrants have consequently been slow in responding to the
extreme levels of unemployment and underemployment found in
urban areas where industry has shifted from labor-intensive
industry to capital-intensive industry.
The speed of adoption of efficient agricultural methods to
meet the demands of an expanding population on limited land
resources has adversely affected agricultural labor opportunities

on a scale never found in developed countries.




Contacts and Resources

The basis of the model structure is a summary of relevant material in
twenty-one literature sources. An annotated bibliography of these sources
is available from Michael R. Goodman, System Dynamics Group, E40-214,

M. I. T., Cambridge, Massachusetts 02139. 1In addition, conversations
with Professor B. F. Johnston, Agricultural Economist, Stanford University,
have served as a valuable asset in understanding migration phenomeﬁa

in developing countries.

Future Work.

Refinement of the basic causal structure as seen in Figure 1 is
continuing in order to generate a reailistic representation of rural to
urban migration. When the model has been validated against actual cases

it will be incorporated into the Village Population Model.




THE DYNAMICS OF RISING ASPIRATIONS

Global Model Sector: Population Farhad Hakimzadeh
Donella H. Meadows

Introduction.

The decisions people make about saving and investment, about having
children, and about where and when to work, are dependent upon their own
personal goals and the way they choose to achieve those goals. The phenomenon
of "rising aspirations" among the poor people of the world has come about
from exposure of traditional societies to the different goals of a modern
society. It is a dynamic process with important implications for the success
of any planned development policy. In order to express correctly the internal
decision structure of the agricultural village, we have begun to model the

process of goal creation, or rising aspirationms.

Objectives.

This model is designed to interface with the other sectors of the village
model. In particular, it should answer the following important questions:
How do people fofm the operational goals that motivate their own attempts to
better their lives? How might educational efforts or contact with other
societies influence those goals? How will a group of people with a given
operational goal choose between the alternatives available to them (such as
better land cultivation, fewer children, or migration to the city) to achieve
that goal?

The field flow diagram illustrates the relationship among the major

variables involved in determining the level of aspirations in a traditional

agricultural village. This diagram is currently being translated into DYNAMO
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equations. We are trying to capture the dynamic interactions which can
lead to the following three behavior modes —-

1. Social lethargy in the isolated village. Consumption just satisfies
subsistence requirements, and there is an absence of both physical
and social energy. This is an equilibrium mode with income, pro-
ductivity, and attempted income all at low levels.

The aspirations explosion. There is slight economic development
which opens the village to contact with the outside world.
Aspirations are greatly stimulated but opportunity for achievement

is limited. Depending on the relationship between the rates of
rising aspirations and rising opportunity, this mode can lead to
steady economic growth or frustration and social instability.
Balanced development. The income and education levels in the village
have been raised to the point where desires can be achieved largely
without help. Attempted income is still a driving force for further
development, but the gap between attempted and actual income is

decreasing.

Sources.
An extensive survey of the literature of social change has been carried

out. An annotated bibiiography is available from

System Dynamics Group
M.I.T. E40-214
Cambridge, Massachusetts -~ 02139




A PRELIMINARY ANALYSIS OF LABOR DISPLACEMENT
AND ABSORPTION IN A TWO-SECTOR ECONOMY

Global Model Sector: Agriculture Peter Milling
Employment

Introduction.

During the first two-thirds of the last decade the problems of providing
enough food for the world population were the focus of international concern.
But the implementation of new seed varieties and the more extensive use of
fertilizers has given most of the developing countries the potential to grow
all the food needed for the nourishment of their populatioﬁ for at least the
next decade. Thus, the perspective was changed. Unemployment is now recognized
as a global problem and the provision of jobs has become one of the most urgent
tasks for the governments of the less developed countries. The problem is

aggravated by a rapidly growing labor force, due to the population explosion.

Object of the Study.

A simple analytical two-sector economic model is developed, relating
labor productivity in agriculture and in industry to output and the demand
for labor. This model allows one -- with certain simplifying assumptions --
to deduce the minimum required growth in non-agricultural output to provide
enough jobs to maintain the current relative level of employment, when labor
productivity in the agricultural and/or non-agricultural sector change.

The objectives of this study are to emphasize the importance of a rational
government policy, preventing the displacement of labor in agriculture by
mechanization of farms, economies of scale, technical progress, etc., as long

as there is a substantial surplus of labor in these economies.




Conclusions.
The results are most important for those countries with a substantial
fraction of its labor force in agriculture. It shows that economic growth,
no matter how achieved, is no sufficient guarantee of high employment. Labor-saving,
highly efficient production techniques may, particularly in the agriculture
sector, have the effect of increasing the unemployment if the non-agricultural

sector is not in a period of vigorous and self-sustained growth.

Information Sources.

Discussions with Dr. Carl Gotsch, Professor at the Harvard Development
Advisory Service, led to insights in the nature and the danger of the employ-
ment problem in the developing countries. Further information was obtained

through

Professor Bruce Johnston
Food Research Institute
Stanford University

Dr. W. H. Pawley

Chairman of the P.A.B.
Advisory Committee

and Director of the FAO
Second Indicative World Plan

Professor William W. Seifert

Department of Electrical Engineering
Massachusetts Institute of Technology

Future Work.
This model is part of the effort to understand the dynamics of unemploy-

ment in underdeveloped countries. Its explanatory value is restricted because

of the limiting assumptions, made to keep the mathematical requirements on a

relatively low level.

Future extensions of this model are not intended. Future work will be




T

conducted with a simulation model which incorporates and extends the assumptions

of the preliminary model. .

Publications.

Copies of the complete paper, "A Preliminary Analysis of Labor Displace-
ment and Absorption in a Two-Sector Economy,' are available from

Peter M, Milling

M.I.T. E40-214

Cambridge, Massachusetts - 02139
U.S.A.
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DETERMINANTS AND IMPLICATIONS OF
AGRICULTURAL INNOVATION

IN DEVELOPING COUNTRIES

Global Model Sectors: Capital, Employment and Land Erich Zahn

INTRODUCTION

Employment is one of the most important factors for economic de-
velopment in modern as well as in traditional societies. It is a pre-
requisite for economic, social, and political stability. However, un-
employment is usually not the cause from which crises arise, unem-
ployment is more a symptom of an unstable situation, a result which is

generated by factors located deep in the structure of our social systems.

This study will primarily focus on the employment problem in the
agricultural sector of developing countries, where we observe a
rapidly growing employment crisis, indicated by a fast-increasing gap
between population growth and the ability to create new jobs. 1In
Latin America,for example, unemployment in many areas is over 35% of
the potential labor force. Besides this growing problem there al-
ready exists an enormous waste of human resources. A large percentage
of the productive labor force is occupying its time in jobs with very
small outputs. This situation forces people to migrate from rural
traditional agricultural areas to urban industrial areas. Migration
occured also in the more developed countries as they modernized but now
it is not associated with economic progress as it was there. In today's
developing world we observe a curious phenomenon. Despite the existence
of a significant urban unemployment, and because of an increasing
efficiency of the agricultural production which has been referred to
as the "Green Revolution", migration to the cities accelerates so fast
that the increase in employment in industry cannot expand rapidly

enough to absorb this additional, urban labor force.




OBJECT OF THE STUDY

In order to gain a better understanding of the dynamics of
employment two "System.Dynamics" models have been constructed. The
two models address specific problems of different levels of aggre-
gation.

The first model deals with the dynamics of farm production, the
change in average farm size, and employment per hectare. Here we
primarily look at the agricultural input-output relations and the im-
pacts of different factor combinations on labor input and farm produc-
tivity. The production of crops is modeledvas a coﬁplex process de-
pending not only on the levels of resources but also on the ways
farmers use their skills and knowledge on their investments and on their
reactions to changes in the economic, social, and political environment.
The principle feedback relationships of the model are illustrated in

Figure 1.

The main questions that are addressed by this model are:

() How does the seed and fertilizer revolution affect the
agricultural output and the combination of energy in-
puts, such as human, animal, and machinery power?

How does mechanization influence the efficiency of land
and how does it change the labor input?

Does the introduction of new technologies depend on the
farm size?

What are the barriers for the introduction of new
technologies?

What policies at the national level can stop or at least
decrease the deleterious effects of new technology on
the agricultural labor force?

The model has been analyzed by computer simulation. Figure 2 and

Figure 3 show the results of two preliminary runs.
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Figure 1: Basic Field Flow Diagram of the Farm Production Model
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While the first model examines changes on a specific farm, the
second model focuses on the dynamics of agricultural unemployment in
the total rural sector. The main relationships of this model are
shown in Figure 4. Here we look at the effects of various policies

and programs, such as:

(1) land reforms;

(2) institutional credit services;
(3) price supports;

(4) subsidizing new input factors;
(159 ceilings on land rentals;

(6) education and research programs.

The simulation of this model, when its coefficients are set to
represent the current global situation, shows an increasing number of
unemployed people, who are potential migrants. This run shown in
Figure 5 illustrates the behavior of an agricultural sector which is
seen as a closed system with no migration. No new technologies are

taken into account.
CONCLUSIONS

Although both models are not in their final stage we are able to

draw some basic conclusions.

If the "Green Revolution" is to be more than a stop gap measure
additional efforts have to be made. The tendenéy of large land holders
to combine the introduction of biological and chemical innovations with
a process of mechanization has to be reduced if the less developed
countries are to move along the path already traced by the more developed
countries. Unfortunately, our simulations suggest that the '"Green
Revolution" will accelerate the trends. In order to encourage the farmers
to use more labor-intensive technology national land reform programs
and different mechanization strategies are necessary. Whether or not

the opportunities presented by the new high yielding varieties are
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realized depends on a number of additional activities, such as:

1) the expansion of the area planted with high
yielding labor intensive crops;

2) the improvement of irrigation possibilities;

3) the effectiveness of a national price system
which has to support crop prices and to sub-
sidize input prices;

the availability of adequate seeds, fertilizers,
and pesticides;

the availability of institutional services for
education and credit;

the creation of an adequate market system for

agricultural inputs and outputs.

Only under these circumstances and with an effective birth
control, which slows down the population growth the problem of un-

employment in developing countries may be solved.

INFORMATION SOURCES

The models, its basic assumptions, and principle relationships
have widely been discussed with Professor Carl Gotsch, an economist
of the Harvard Development Advisory Service.

Further important contributions to this study have been made by:

(1)  Lester Brown
Senior Research Associate
Overseas Development Council
Washington, D.C.;

Professor Bruce F. Johnston
Food Research Institute
Stanford University;




Dr. W.H. Pawley

Chairman of the PAB

Advisory Committee

and director of the FAO

Second Indicative World Plan for Agriculture;

Robert d'A. Shaw
Associate Fellow of the Overseas Development Council
Washington, D.C.;

His book "Jobs and Agricultural Development"
was one of the principle literature references.

Professor William W. Seifert
Department of Electrical Engineering
Mol s

FUTURE WORK

The two models described will be completed and then validated
by using data from West Pakistan and the Indian Punjab, which have
extremely different land holding size distributions. The results
will be the base for a comprehensive economic model, including an
agricultural, an industrial, and a service sector. This model will
be used to study the dynamics of economic growth in underdeveloped
countries. Discussions are underway with the World Bank to obtain
their support and data resources for application of the comprehen-

sive model to a specific region.

PUBLICATION

A 60 page paper "Characteristics and Implications of Agricultural

Innovation in Developing Countries' will be available from the System

Dynamics Group, Massachusetts Institute of Technology, Alfred P. Sloan

School of Management, at the end of April.
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A DYNAMIC RESERVE LIFE INDEX

Global Model Sector: Natural Resources William W. Behrens

Introduction.

Effective planning for the future availability of natural resources
depends on an operational measure of remaining reserves. The static reserve
life index, defined as the current level of known reserves divided by the
current annual consumption, is the most commonly used measure at present.
This measure is poorly suited for long term policy formulation because of the
following assumptions implicit in its definition:

1. Population and per capita consumption will remain constant.
The grade of extracted resources will not decrease.
No major new discoveries will be made.
There will be no changes in extraction technology.
There will be no changes in substitution technology.

Changing costs will not effect consumption patterns.

Object of Study.

A useful measure of reserves must not be restricted by the above assump-

tions. The object of this study is to provide a dynamic framework within

which the interrelated determinants of resource availability can be examined

and researched. This structure, as outlined in Figure 1 below, will dictate
the boundary within which we can test and evaluate policies designed to reduce
the impact of future resource scarcity.

A simulation model has been developed from this structure, so that the
behavior of the resource system can be observed over time in response to

policy changes. A preliminary computer run of this model is shown in Figure 2.
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Figure 1: The Structure Governing Resource Availability

This run showsthat resources will never be completely extracted, because as
costs rise the usage rate will gradually fall to zero before all the resources
are depleted. The run also illustrates the endogenous (system induced) advances

in extraction and substitution technology, which result in changes in both costs

and usage.
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Conclusions.

The study is currentl& in a preliminary state of development. The
model assumes that improvements in technology are initiated by economic
pressures; substitution technology, for example, improves when the demand
functions of the resource indicate that a profit could be made on a substi-
tute at comparable cost. First results indicate that this purely economic
response to increasing scarcity is not sufficient to prevent the economically
depressing effect of resource depletion. Its only effect is to postpone price
increases, thus decreasing the length of time before complete depletion,
when rising prices can induce adaptive behavior. What appears to be needed,
in the most general terms, is an effort directed toward averting resource
problems before they develop instead of as they develop. This might take
the form of using substitutes even before they are economically competitive,
or we might consider taxing extraction in order to artificially depress resource
usage. The most general conclusion is that the ultimate economic consequences
of resource depletion by exponentially growing usage rates simply cannot be
averted by the normal, endogenous progress in the technologies of extraction

and substitution.

Contacts and Sources.

The hypotheses underlying this model have been discussed and researched

with personnel from M.I.T. and Resources for the Future, Inc.

Future Work.
Much of the work in this study is yet to be done. Validation of the
structure must precede any extensive testing of policy alternatives. A copy

of the preliminary report has been left with the natural resource division
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of the United Nations' Economic and Social Council with a request for coop-

eration in applying the model to specific resources.

Publication.
Information concerning this study and other areas of interest in the
Natural Resource Sector can be obtained from
William W. Behrens
M. ToTo o B40-214

Cambridge, Massachusetts - 02139
U.S.A.

One paper, "The Dynamics of Resource Utilization," presents the
gtructure/in Fisurte l. p.Od. in more detail and analyzes its liong-

term behavior. It is available at the address above.

1




NATURAL RESOURCE EXTRACTION MULTIPLIER

Global Model Sector: Natural Resources William B. Behrens

Introduction.

The World model developed in the Club of Rome project on the Predicament
of Mankind exhibits several distinct behavior patterns. Each pattern results
as one specific pressure increases sufficiently to retard economic and popu-

lation growth. Pollution, crowding, starvation, and natural resource depletion

are all represented in the model. The collapse of growth through natural

resource depletion is brought about by one table function, the Natural Resource
Extraction Multiplier. Its place in the system structure is shown in Figure 1,

Natural Resources
Tnitial ——- Natural
p Resource
Fraction
Remaining

~— -

Natural i
Resources $ St snibonnd) o B

Natural Resource
Usage Factor

Natural
Resource
Extraction
Multiplier

Natural
Resource
Usage Rate

4
(’/) Natural
Resource Industrial
Usage

Output

Multiplier
rom Outpu

Figure 1: The Natural Resource Sector and its effect on
Industrial Output through NREM
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NREM assumes that resource depletion reduces the efficiency of the
capital used in the productive process, depressing the Industrial Output.
The general form of the Natural Resource Extraction Multiplier Table is

shown in Figure 2.

Natural Resoura
Extraction
Multiplier omn
the Industrial
Output

1
|}
“D

Fraction of Resources Remaining

Figure 2: The Relationship between Resources Remaining and
the Efficiency of Capital
Only if the above relationship holds will resource depletion bring an
end to growth. The object of this study is to examine and test the assumptions
underlying NREM. Specifically, the study addresses the following questions:
1. As resources are depleted, is there a corresponding rise in the
costs of extracting, processing, and distributing resources?

2. 1If so, can the progress of technology be a sufficient force in the




long run to counteract the rising costs?

How accurate must we be in our estimate of the level of resources
remaining in order to answer questions 1 and 2?

How does the possibility of substitution for materials aiready

in short supply alter the answers to the questions above?

How would essentially free energy alter the characteristics of

the NREM?

The study addresses these questions in the case of a generalized mineral
resource and demonstrates the validity of the NREM assumption. The study then
focuses on two specific resources, mercury and lead, which are currently

approaching exhaustion, to evaluate the NREM for each.

Conclusions.

The economic strucfure of our global society énd the geology of resource
location and grade lead inevitably to the relationship, NREM. NREM dictates
that the depletion of resources is a sufficient pressure in itself to cause
growth to cease. The progress of technology in resource extraction and usage,
while necessary to preserve the short-term economies of our.society, in the
long run leads to an even more precipitous collapse of the economic structure.
Technological advance thus serves to decrease radically the time our global
society will‘ultimately have to adjust to much lower resource availability.

The implications of NREM for policy chénges are varied. We must realize
that continued exponential growth in our dependence on natural resources will
ultimately lead to our own collapse. Efforts directed ét increasing the known
supply of resources without attempting to slow down the growth will prove to

be fruitless in the long run; exponential growth drastically diminishes the
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effectiveness of any increase in a mineral's reserve index. Instead, we

must look toward a policy of '"zero economic growth," maximizing both the

lifetime and the efficiency of use of our natural resources.

References and Contacts.

The study is based on a theoretical framework taken from a number of

literature sources, notably Barnett and Morse, Scarcity and Growth (Johns

Hopkins Press, 1963); Resources and Man, a study by the National Academy of

Sciences (W. H. Freeman and Co., 1969); P. T. Flawn, Mineral Resources (Rand

McNally and Co., 1966); and P. R. Ehrlich, Population, Resources, Environment

(W. H. Freeman and Co., 1970). Reference is also made to several sources of

statistics, including the U.S. Bureau of Mines Minerals Yearbook. Of great

importance were discussions with Charles J. Cicchetti and others of Resources

for the Future, Inc., Washington, D. C.

Future Work.

This study is intended to serve as a basis for future studies on the

dynamics of resource scarcity and their interactions with the economic struc-

ture of society.’

Publication.

The full report on this study and additional information regarding other
areas of concern in the Natural Resource sector can be obtained from -

William Behrens

M.I.T. E&40-214

Cambridge, Massachusetts - 02139
UiSSA L

For example, at an annual growth in use of only 3 percent, a reserve index
of 400 years yields 85 years of consumption; a reserve index of 4000 years
yields only 160 years of consumption.




LINKING SOCIO-POLITICAL FACTORS TO THE WORLD MODEL

Steffen C. Harbordt

Scope and Objectives of the Study

The Club of Rome Project on the Predicament of Mankind has
begun with a study of ecological trends important at the global
level. The model in its present form, World 3E, expresses mainly
physical relationships among pollution, population, land, natural
resources, and capital. However, the real-world interactions among
these variables are mediated by social, economic, and political fac-
tors. Not to include these factors explicitly in the model would
implicitly mean basing predictions and policy decisions derived

from it on the ceteris paribus assumption of unchanging social and

political circumstances. This assumption is obviously highly un-
realistic if one intends to cover a time span of even 100 years.

On the other hand, it would require greater resources than are
available in the current phase of the project to develop a second,
entirely social and political approach to the subject. An impor-
tant future goal is the insertion of relevant socio-political
variables into the existing model or the construction of an entire-
ly new and expanded model. For the moment, however, a much more
modest approach is required to examine the influences of social and
political factors on the behavior of the existing model (consideration
of ecological influences on the social factors being postponed for
now). This paper outlines selected global factors which may be
important and shows how they are interrelated. It provides an im-
pact matrix to relate these trends to the elements of the present
model and shows how they could be linked to the model as exogenous
variations in some of its functions. The worth of this paper lies
mainly in provoking criticisms which should lead to continuous im-
provements. It may also serve as an example of how professionals in
other fields -- economics, demography, meteorology, etc. —-- can re-

late their knowledge directly to the structure of the model.




An extensive survey of the literature in socio-political
trends with global impact leads to the selection of seven factors

for inclusion in this study:

(1) naturalization;
(2) social mobilization;

a. wurbanization
b. mass communication
eihediteraecy

(3) political participation;

(4) nation building;

(5) modernization;

(6) self regulation - self transformation;

a. control capacity
b. consensus-formation capacity

@) increasing governmental activity.

These trends are operationally defined and related to each
other and to the World 3 elements they influence (Figure 1).

A new conceptual technique for displaying the impact of exo-
genous trends on a System Dynamics model's elements, an impact
matrix, is developed and presented. After summarizing the magnitude,
direction, and delay in the impact of each socio-political trend,
simulation runs are made to test the model's sensitivity. Areas of
sensitivity point to the most important future areas of research on

the global model.
CONCLUSIONS
The trends towards literacy and rational (as opposed to super-

stitious) behavior are identified as having the most widespread im-

pact on the World 3 model assumptions. Future extensions of the
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model will separate educational capital from the current inclusion
in "Service Capital". :

The study indicates that it is possible for professionals with
little System Dynamics expertise to relate social and political
factors to a specific model. Therefore, other social scientists
will be invited to participate in the Club of Rome project by systema-
tically relate their field of research to the global modeling efforts.

PUBLICATIONS

The full report "Linking Socio-Political Factors to the
World Model" (32 pp.) may be obtained from:

System Dynamics Project Office
M.I.T. E&40-214

77 Massachusetts Avenue,
Cambridge, Mass. 02139.




DETERMINANTS OF INTERNATIONAL CONFLICT
Professor Nazli Choucri

Professor Dennis Meadows
Michael Laird

Introduction.

One characteristic of any global simulation effort is that interactions
among nations or regions are below the level of aggregation in the model.
Many results of the continuous exchange of people, resources, and infor-
mation among countries can be included in a global model. But the impli-
cations of conflict are difficult to include at this level of detail. Inter-
national warfare has important implications for pollution generation, for
the average lifetime of population, for resource depletion, and the rate at
which productive capital is accumulated. .It is thus important to understand

the determinants of international conflict . This sub-study has, therefore,

been initiated to summarize current political science knowledge about this
point, to construct an appropriate System Dynamics model of international
conflict, and to use its results for modifying policy recommendations derived

from the global model.

The Theoretical Basis.

There have been many theories of international conflict. An important
branch of research on this problem is that conducted by Professor Nazli Choucri
of M.I.T.'s Department of Political Science, in collaboration with Professor
Robert North of Stanford University's Political Science Department. Together
they have accumulated empirical evidence on nearly 100 international conflicts.
They have data on the demographic, the economic, the political characteristics

of each participant. With this information, it appears possible to understand




international conflict as a function of population pressure, resource
shortages, and expanding technological capability.

Neither Choucri nor North has the system modeling capability needed
to relate this data to their theory in a meaningful way. Thus they have

begun cooperation with our group, with the intention of developing a System

Dynamics model which relates the variables above to observed conflict out-

breaks.

This work is particularly relevant to the Club of Rome effort because
it relates the propensity to engage in war to parameters included in the
global model. While the global simulation model will not exhibit warfare
as an endogenous behavior mode, it appears perfectly feasible to construct
a tension index analogous to the quality of life index in earlier model
versions, which stands at the side of each run and indicates, during all
phases of moael evolution, the potential danger of international conflict.

Separate funding has been found to support this aspect of the total
project, and a preliminary repoft will be available at the end of the

summer.

Publication.

A summary of current conflict theory and a verbal statement relating
population,‘resources, and technology to the likelihood of war has been
published:
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