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Assistant Professor of Management, M.I.T., and Director,

Phase I: Project on the Predicament of Mankind

INTRODUCTION

One can easily identify urgent national, environmental problems. Studies

indicate that air pollution is decreasing the average lifetime of urban residents.

Much of our surface water appears to be in danger of eutrophication. Our sources

of food are too often contaminated with toxic chemical and metal residues. These

problems are certainly getting worse -- not better.

There is no question that we must spend much more to repair and protect

our environment. But, there may be some doubt over whether the additional funds

should be allocated within the existing institutional framework. I am no expert

on the scope and the quality of our government's current environmental activities.

However, research conducted at M.I.T. under my direction during the past year

has given me a clear impression of the environmental crisis we face and of the

criteria our national effort must meet if it is to address this crisis successfully.

Your committee's compilation of materials related to the proposed

laboratory contains many excellent statements of our short-term problems. Over

the next decade we must establish baseline measurements of our environment. We

1. National Environmental Laboratories, A Compilation of Comments and Materials

Related to a Proposed Environmental Laboratory, prepared for use of the

Committee on Public Works, January, 1971, Serial No. 92-3, U. S. Government

Printing Office, Washington.
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must create environmental data banks, halt the erosion of our soil, decrease the

amount of industrial and urban wastes dumped into the air, and so forth. But we

also face profound economic and political problems derived from the fundamental

sources of pollution and the unpleasant tradeoffs they will ultimately force us

to make. It will take us many decades of study to find acceptable solutions to

these more basic problems.

To concentrate only on the immediate symptoms of environmental deteriora-

tion is to simplify our predicament and to place the National Environmental

Laboratory proposal in too narrow a perspective. This committee is considering

the formation of an institution which should be serving a useful function well

into the next century. Thus I would like to spend my time this morning illustrat-

ing the more general and long-term aspects of all our environmental problems.

This past year our research team has identified and analyzed many

implications of those factors which influence our long-term, global environment.

We have been using a systems approach to follow the interactions among five

major areas of concern - population growth, food production, pollution2, depletion

of natural resources, and industrialization. The work has been commissioned by

the Club of Rome, an international association of private individuals, scientists,

academic leaders, businessmen, and humanists, who are profoundly disturbed by

current, worldwide trends.

Analysis of these trends has given my team a special perspective on the

2. For purposes of this presentation, pollution and environmental degradation
are used interchangeably to denote deterioration in any aspect of the
human environment.
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objectives which must be served by any successful environmental effort. The

objectives derive from the three basic facts which characterize environmental

deterioration:

1. There typically are long time delays between a polluting

activity and its ultimate consequences.

2. Any intrusion on the environment is likely to have

geographically far ranging effects.

3. There is no practical possibility whatsoever of totally

eliminating environmental problems.

This morning I will briefly illustrate each of these facts, and describe

the questions they pose. Finally I will list six characteristics which any

environmental research program should have in order to answer these longer term

questions. I hope my comments may give you a broader picture of what our national

environmental program can and should be.

TIME DELAYS - A SPECIFIC EXAMPLE

Many environmental issues could be used to illustrate the first two points

above. I will use an example which must by now be very familiar to everyone

on this committee. Let me present a simple model of DDT levels in our environ-

ment and analyze DDT movement from cropland into the first few biological levels

of the marine environment.

Since its first significant use in the early 1940's to control disease-

bearing insects and crop pests, DDT has become universally spread throughout our

environment. It is found in the bodies of all humans, in Antarctic penguins,

and in fish and plant life throughout the oceans. Rather than debate the

benefits and dangers of its use, I will discuss this morning only the dynamics
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of the processes by which it is spread. How quickly does DDT move from cropland

to fish? If we were to stop gradually the application of DDT everywhere in the

world, how long would it take for the chemical to disappear from our ecosystem?

What would be the implications for U. S. citizens if its use were banned here

but continued abroad? There are certainly some gaps in our knowledge about the

basic physical constants involved in DDT transport, but simulation techniques

recently developed at M.I.T. permit us to use the scientific data already available

to obtain preliminary answers to these questions.

We can summarize the literature on DDT movement from cropland application

to the marine environment with Figure 1.

DDT IN precipitation
AIR into ocean uptake in uptake consumption

plankton in fish

precipitation
on soil

APPLICATION DDT IN DDT IN DDT IN DDT IN
BY SPRAYING OCEAN PLANKTON FISH MAN

evaporation

degradation

degradation degradation

DDT IN
SOIL

solution
in rivers

degradation

Figure 1: Movement of DDT Through the Environment

Most of the approximately 100 thousand tons of DDT produced each year is

3
applied by spraying over land3. In the spraying process DDT is atomized, and

3. This brief discussion is summarized from the more extensive and technical
publication by Jorgen Randers and Dennis Meadows, "The Characteristics and
Implications of DDT Movement in the Environment," available from the Program
Office, System Dynamics Group, A. P. Sloan School of Management, E40-214,

Massachusetts Institute of Technology, Cambridge, Mass. 02139.
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a significant fraction of the chemical remains suspended in the atmosphere. The

remainder, perhaps fifty percent, comes to rest on the soil. DDT can disappear

from any environment only through degradation into harmless substances or through

physical removal by evaporation, solution, or absorption. The most important

determinant of DDT's movement in the environment is its very slow degradation

rate. Some DDT does disappear from the soil through chemical breakdown, generally

aided by micro-organisms, but most of it ultimately evaporates into the air from

the soil or dissolves in ground water and is washed eventually into the ocean.

Little degradation of DDT appears to take place in the atmosphere, so that every

molecule which evaporates eventually precipitates again, into the ocean or back

to the land. In the atmosphere there is tremendous dispersion of DDT. A

molecule applied to a field in Asia may easily come to rest within U. S.

boundaries.

In the ocean, DDT is absorbed by small organisms, and a tremendous

concentration occurs. The level of DDT in plankton may be 1000 to 10000 times

that in the surrounding water. At the next stage of the food chain, fish

concentrate the chemical in their own tissues. DDT levels in fish are typically

ten times that found in the plankton they eat. We could trace movement further

to larger fish and to man, through both marine and terrestial food chains. But

the above picture is sufficient to illustrate the source and the implications of

a time delay between the release of DDT and its appearance in significant amounts

elsewhere in the environment.

When the above structure is combined with data on degradation half-lives,

vapor pressure, partition coefficients, absorption rates, and so forth, it is

possible through computer simulation to answer the questions we have posed about

the long-term behavior of DDT in the environment.

Figure 2 is a computer print-out indicating the concentration of DDT which

would result at different points in the system over the next 50 years if global
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DDT use were slowly to taper off to zero by the year 2000. The computer output

indicates the amount of DDT applied, the quantity in soil, and its concentration

in fish. Different scales are used for each variable. Significant use began

around 1940. Thus, historical data on the production rate are used for the

period 1940-1970. The application rate shown from 1970-2000 is, of course,

only one of many possible alternatives. As a result of the assumptions in this

analysis, DDT concentration in fish would continue to rise for eleven years

after application began to decrease. It would persist in fish at concentrations

higher than its current level for 25 years, i.e. until 1995. These precise

results depend, of course, on the accuracy of the model's assumptions, but the

general lagged behavior is certainly true for DDT. More important, this delayed

response to corrective action is characteristic of all environmental problems.

Had I analyzed the relation between sulfur dioxide emissions and lung damage,

the delays would have been somewhat shorter. At the other extreme, the full

impact of air pollution or thermal emissions on the global climate may well

take more than a century to appear.

IMPLICATIONS OF TIME DELAYS

Each of you has probably had the experience of alternately scalding and

chilling yourself in a shower when there was a long pipe between the faucet and

the shower head. It is difficult to control the water temperature under that

circumstance, because the long pipe introduces a delay of perhaps five seconds

between the time you take an action and the time you can assess the result.

This situation causes trouble because the vast bulk of man's response mechanisms

are learned in the context of essentially instantaneous feedback. Introducing

even a five second delay can cause difficulties, until you learn to plan ahead.

What then are the implications of environmental feedback delays in the order of
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twenty to one hundred years? There are at least three, and I will describe them

very briefly:

1. We need better social and biological data and much more

powerful analytical tools for tracing the probable

environmental consequences twenty or fifty years from now

of the actions we take today.

The DDT model does trace out a few of the future implications of DDT

usage. However, this model represents an extremely simple and well-studied

system compared with most of those involved in environmental problems. Our

understanding of social and biological behavior must be tremendously upgraded

before we can develop predicitive models like the DDT model for more complex

systems. Until those tools are available, our situation is very much like that

of the driver who can look out through only his side and rear windows for informa-

tion to guide his speeding car.

A corollary conclusion is that we must improve and expand our training

programs for environmental scientists who can study the behavior of individual

elements in our ecosystem and then develop the analytical models necessary for

evaluating alternative environmental policies.

Recently there has been much discussion about the possibility of assign-

ing unemployed professionals in the natural and engineering sciences to environ-

mental research. It is relevant to note that the DDT model above is primarily

the work of a physicist at M.I.T. with only eight months of training in System

Dynamics.4

4. System Dynamics is a philosophy of system structure and a set of computer

tools which permit one to represent and analyze the structure and behavior of

complex social, biological, and physical systems. Originally developed in

the context of industrial systems the technique is widely known as Industrial

Dynamics because it was first described by Jay W. Forrester in a book by that

name. More recent applications have been made to urban decay, commodity

price cycles, diabetes, regional development, and research management. The

;undarnentals of System Dynamics are explained in: Jay W. Forrester, Principles

of Systems, Wright-Allen Press, 238 Main St., Cambridge, Mass. 02139.
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The need for technology assessment tools is made doubly critical by

the empirical observation that in complex systems the short-term results of an

action often are in the opposite direction from its ultimate consequences.5

Until we understand the long-term consequences of our actions, we stand in grave

danger of being led down the wrong path by the short-term signals which are

currently our only basis for making decisions.

2. We need to rethink the philosophy and the tools which we use

for determining the net value of an action which is beneficial

today but which will involve high social costs twenty or one

hundred years from now.

Our nation's current social and economic ethic is derived from the

philosophy of the "invisible guiding hand." It is assumed, very simply, that

if every citizen and institution in our society acts to maximize his own position

in the short term, the society as a whole will benefit. When an action will

bring both benefits and costs over time, individuals use the concept of net

present value and discount the future implications so that they can determine

whether an action should be taken now or ten years from now or never. This

technique requires that costs and benefits be reduced to monetary equivalents and

compared using an interest rate related to that at which bankers lend money. The

result of this procedure is that we deemphasize those factors which are difficult

to express in monetary units and we assign essentially zero value to anything

happening more than twenty years from now.

5. For elaboration on this point and further information on the Club of Rome
project see: The testimony of Jay W. Forrester for the hearings before
the Ad Hoc Subcommittee on Urban Growth of the Committee of Banking and
Currency, House of Representatives, Ninety-first Congress, Seco'I Session
on Industrial Location Policy, Part Three, Wednesday, October 7, 1970.
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As an extreme example, if it were to rely only on present net values,

any firm would decide to continue pouring particulate matter into the atmosphere

today, even if that meant a 100% probability of inducing a new ice age 300 years

from now. Our present annual GNP is about one trillion dollars. Using an

interest rate of ten percent, one trillion dollars 300 years from now has a net

present value of only $2.60.

This philosophy might be appropriate when natural resources and the

absorptive capacity of our environment are both infinite. Now it is becoming

abundantly clear that both are critically limited. Our long term national

interests require that we adopt a new philosophy of distributive value and new

tools to implement it. For example, we could adopt as our cardinal philosophy

the rule that no man or institution in our society may take any action which

decreases the economic and social options of those who will live on the planet

100 years from now. Of course, the implications of any such a change would be

tremendous. Unfortunately, we may not be able to maintain the status quo. The

emphasis on short term objectives combined with current rates of population and

economic growth are absolutely inconsistant over the long run with a liveable

environment. Something must change. For that reason we need to identify

alternative bases of action now, determine their consequences, choose

deliberately among them, and develop the tools necessary for implementation.

3. There is in environmental systems the potential for really

traumatic mistakes--mistakes large enough to alter drastically

the forms of human economy and society which exist today.

The writings of Paul Ehrlich and others are sufficiently well known to

make unnecessary much elaboration -n this point. However, the DDT analysis nicely

illustrates the problem. Assume, for example, that there exists a marine species

with an average lifetime of twenty years for which DDT concentrations above a
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critical level will cause total reproductive failure. Even if we were t.- decrease

the use of DDT as shown in Figure 2 immediately after observing that DDT had

reached the critical level, the entire species would still be doomed to extinction

Because of the delays, DDT levels would not fall below the critical level for

25 years.

Any environmental scientist can point to numerous pollutants currently

being released into the ecosystem whose impact could, for similar reasons, have

awesome consequences for human populations.

THE NATURE AND IMPLICATIONS OF GEOGRAPHICAL DISPERSION

Because of the worldwide dispersion of DDT in the atmosphere, its eco-

logical consequences depend little on the actual location of its initial application.

Whenever an environmental problem involves the sea or the air, as most of them do,

another dimension of difficulty is added to the above problems. Making tradeoffs

between the present and the future for one individual is hard enough. Effecting

tradeoffs among many people is conceptually and practically much more difficult.

Until very recently we assumed that no one in our society had any

responsibility for the harm caused by his actions down wind or down stream.

Now we are beginning to search for the economic theories and the legislative

acts which will force individuals and institutions to bear personally the

external costs of their activities. There are still, however, many unsolved

theoretical and political problems, even when both parties(polluter and polluted)

share the same political philosophies and are subject to the same legislative

and judicial system.

Are the rights to gainful employment of those working in a polluting

corporation more or less important than the rights of those downstream to pure

water? We have not worked out a definitive approach to that problem yet. Then

how are we to make and implement international decisions on pollution rights

I m I II
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and responsibilities? Should we expect the population of the less-developed

areas to forego the short-term benefits of DDT usage in order to decrease the

DDT problems in the more developed areas? If so, how are pollution rights

to be assigned? The political and economic problems inherent in those questions

prevent me from even suggesting answers. However, our nation will face scores

of similAr questions in the coming decade.

THE IMPOSSIBILITY OF ELIMINATING ENVIRONMENTAL PROBLEMS

Even if we did have available the philosophies, the political and

economic theories, and the analytic tools described above, we still would

be faced with environmental problems. Anyone whose current actions are

based on the ultimate goal of a pollution-free nation probably does not

understand the fundamental sources of environmental degradation. Cleaning

up pollution is a more costly process than most people realize, and the

cost involves more than just dollars. The price of a pure environment

may be higher than the price we are willing or able to pay.

Most discussions about environmental protection are based on

6
a set of assumptions something like that illustrated in Figure 3. People

recognize that pollution comes in part from industrial output and from the

chemicals employed in agriculture. It is also obvious that as pollution

has increased, the public reaction against it has grown. The result,

just now beginning to be felt, is pressure to decrease the quantity of

chemicals used in agriculture and to increase the fraction of capital

6. A positive sign indicates that a change in one element will cause,
generally after some delay, a change in the same direction in the element
it influences. A negative sign denotes a relationship in which an increase
in one element brings a decrease in the element it influences. For
example, an increase in pollution is assumed to cause an increase in public
reaction against pollution.
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AMOUNT OF
POLLUTION
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QUANTITY OF _
- CHEMICALS EMPLOYED PUBLIC REACTION

IN AGRICULTURE AGAINST POLLUTION

FRACTION OF CAPITAL
ALLOCATED TO POLLUTION CONTROL

(+)

INDUSTRIAL
OUTPUT

Figure 3: Simple Model of Pollution Abatement

allocated to pollution control. Examples of the latter are capital invest-

ments to remove sulphur from fuels, to monitor air and water purity, or to

treat sewage. There has been a corresponding, if slight, decrease in

pollution as a result of such pollution control measures. The implication

of the model in Fugure 3 is that better legislation and more effective

pollution control technology will solve our environmental problems.

Unfortunately, the situation is not so simple. The real driving
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forces behind environmental deterioration have been left out of that model.

Those central driving forces are population growth and rising expectations.

I have included a more complete and realistic model in Figure 4, where some

new relationships, designated with heavy lines, have been added to the

assumptions we have already considered in Figure 3.

As population increases, agriculture must be intensified to provide

more food. That results, typically, in the use of more agricultural

chemicals. The use of pesticides, herbicides, and fertilizers does

increase food production, at least in the short run. Thus where population

is increasing, strong pressures generated by low levels of food per capita

will tend to counteract public reaction against pollution. This process

is much less important in the United States than it is in many countries

abroad. However, as we saw above, even those agricultural chemicals

used in the less-developed areas contribute to our own national pollution

problem. This component of pollution can only be reduced by decreasing

(in the short run) the food per capita. Half the people in the world are

hungry today, so this is an important dilemma. Can we ask that pollution

from agriculture chemicals be decreased if it means that more people will

be hungry? Are we willing or able to stop population growth in order to

improve the environment? The answer in each case may be partially

affirmative. However, the cost of full environmental protection would be

in each case too high for society to bear.

When population growth is coupled with rising expectations, tremendous

capital investment must be generated to keep industrial output in pace

with demands. A greater capital base does lead to increased industrial

output, but increased industrial output also generates more pollution.

m -1
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Increases in population and per capita income promise to exacerbate our

environmental difficulties, for at least the next thirty years. By the year

2000 many experts predict that the United States population will exceed 270

million, and the per capita GNP will be 300 percent greater than today. If

there were no counteracting changes, that is a load on the environment of at

least four times that which exists today. Of course, we do not have the

environmental deterioration under control even today.

Of course we can implement some policies to counteract the growth in

our population and our desires. We can choose as a society to allocate more

capital to producing cleaner air, purer water and a more pleasing physical

environment. But there are still more tradeoffs not designated in Figure 3.

As more capital is diverted to protecting and rehabilitating our environment,

relatively less will be available for the production of the material goods

and services measured by our GNP. Prices will rise; relative material standard

of living may actually decline. Jobs will be lost as some firms find they can

no longer compete when the cost of pollution control is added to their products.

The delays are long enough that we have so far been able to avoid facing these

issues on any national scale. For example, over 75 percent of the nuclear

power generating capacity, currently planned or under construction in the United

States, is being delayed by environmental considerations. Will citizen pressure

groups maintain their resolve when they are forced to cut back on their demand

for electricity? Is it more important to employ all our citizens or to provide

them with an improved environment? Every environmental issue poses questions

like these. It is essential that we begin to evaluate alternative answers.
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POPULATION AND ECONOMIC GROWTH

Environmental degradation is no accident. It is an inescapable

consequence of growth in population and economic activity on a finite

planet. There is no practical possibility of increasing the population

and industrial output, nationally or globally, without intruding on the

environment. Conversely, there appears to be no acceptable way to halt

environmental deterioration without strongly influencing the nature of

population growth and capital accumulation.

Our analysis for the Club of Rome suggests that the next fifty

years will witness a traumatic change from global growth to a more stable

population level and rate of material usage. Population and capital cannot

continue to grow indefinitely. It is important to realize that environ-

mental problems are just one of the pressures which will inexorably

mount until population and capital are brought into long-term equilibrium

with the finite resources of our globe. There is no utopia in the offing.

The biological and psychological pressures sustaining growth are enormous.

Thus the sum total of all counter-pressures which will eventually neutralize

the growth forces will also be large. These may include starvation, resource

depletion, plague, pollution, psychological stress, or hopefully, drastic

changes in our personal and social values.

There is no theoretical possibility whatsoever of avoiding this

pressure. Our only option is to make intelligent trade-offs among its

components so as best to achieve our long-term objectives. Our society has

many different and conflicting values. Thus, there will be no "right"

answers to the problems we face, but our citizens and our political

institutions must be presented with a list of our realistic, long-term

options, of our current policy alternatives and of their probable consequences.

Only then can we expect to negotiate the next fifty years with our
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national integrity and our most fundamental social values intact.7

REQUIREMENTS OF A SUCCESSFUL ENVIRONMENTAL PROGRAM

Implicit in our current approaches to environmental problems are

the assumptions that we need only a little more data on the ecological

effects of current pollutants, only slight modifications and more thorough

enforcement of our current laws, only normal progress in our programs to

develop improved pollution monitoring and control technology. If I

shared that view I would not be here this morning, for it is clear that

current institutions and programs can, in time, achieve each of these goals.

Our own research and our conversations with experts in The United

Nations, in industry, and in universities, here and abroad, convince me instead

that pollution control is not just around the corner. Rather we are entering

a sustained period of difficult decisions between short term objectives

and long term values which are no longer compatible. To negotiate that

period in an orderly fashion will require goals, scientific knowledge,

technological assessment techniques, analytical tools, institutions, and

values which we do not currently have.

I am no expert on the scope and objectives of our nation's current

environmental programs. However, my role in directing the international

and interdisciplinary team engaged in the Club of Rome project has given

me insights into several requirements of the research effort which will

provide us the basis for long term success. Let me close by simply listing

them for consideration by your committee and the others who will now decide

whether and in what forms new institutions and programs must be initiated

in response to our environmental predicament.

7. A preliminary model of global population growth and capital accumula-tion is presented and discussed in: Jay W. Forrester, World Dynamics,Wright-Allen Press, June 1971. The text discusses the interaction ofpopulation and economic development with the environment and analyzesthe impact if several alternative environmental policies.
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1. To increase the probability of success we need an institution completely

free of short-term pressures. That means long-term funding should be

assured. It also implies the institution should be vested with no short-

term executive responsibility.

2. The research should be unclassified and completely accessible by all

members of our society.

3. The institution should have the resources and the reputation to draw on

foreign scientists, for we can certainly not realize our own environmental

objectives until other nations participate in defining a more enlightened

long-term view.

4. The institution should be free and able to offer the apprenticeships

which can channel the energy and the concerns of our younger generation

into constructive application to environmental problems. The AEC's training

program for U.S. and foreign students and scientists is a very useful model

in this regard.

5. The initiation of such an organization should be viewed as an important

opportunity to explore new organizational forms. Interdisciplinary research

is required on an unprecedented scale, and we must answer questions which

differ in their complexity and time horizon from any we have addressed before.

I would expect that our traditional forms of organization may not be appro-

priate here. If there are to be four laboratories, every effort should be

made to make each of them a different, innovative experiment in organizing

for this sort of research effort.
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6. Underlying every research effort should be the realization that environ-

mental degradation is not independent of population growth and a rising

material standard of living. No long-term environmental program can be

successful unless it explicitly addresses the trade-offs among these

trends and sets realistic long-term goals for each.

There are many other requirements, of course, omitted here because they

have already been summarized sufficiently elsewhere. I would be pleased to make

much more detailed comments when that becomes an appropriate input to the

planning process. I hope the information above will suffice for this morning

to place our environmental problems in their proper perspective.

Let me close on a note more hopeful than that maintained above. We are

at an important juncture in the evolution of our global system. Past trends of

population growth, industrial expansion, resource depletion, and environmental

deterioration cannot be sustained for more than thirty years, one doubling

time of the global population. There is growing awareness that a new course is

indicated, but irrevocable commitments to environmental policies have not yet

been made. Preliminary preparations for the U.N. Conference on the Environment

to be held in Stockholm in 1972 suggest a tendency to approach environmental

problems from the same vantage point of parochial, short term, economic and

political interest which has lead us to our current predicament. A positive step

by the United States at this time could be tremendously influential. I believe

a massive commitment to the objective analysis of long term, global environmental

trends coupled with an invitation - perhaps extended in Stockholm - for others to

join in the endeavor could set a new standard which would offer some hope for our

long-term prospects.
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TESTIMONY BEFORE SENATE SUBCOMMITTEE ON AIR AND WATER POLLUTION
IN SUPPORT OF SENATE BILL 1113 - THE NATIONAL ENVIRONMENTAL LABORATORY ACT OF 1971

May 3, 1971

Dr. Dennis L. Meadows
Assistant Professor of Management, M.I.T., and Director,

Phase I: Project on the Predicament of Mankind

INTRODUCTION

One can easily identify urgent national, environmental problems. Studies

indicate that air pollution is decreasing the average lifetime of urban residents.

Much of our surface water appears to be in danger of eutrophication. Our sources

of food are too often contaminated with toxic chemical and metal residues. These

problems are certainly getting worse -- not better.

There is no question that we must spend much more to repair and protect

our environment. But, there may be some doubt over whether the additional funds

should be allocated within the existing institutional framework. I am no expert

on the scope and the quality of our government's current environmental activities.

However, research conducted at M.I.T. under my direction during the past year

has given me a clear impression of the environmental crisis we face and of the

criteria our national effort must meet if it is to address this crisis successfully.

Your committee's compilation of materials related to the proposed

laboratory contains many excellent statements of our short-term problems.1 Over

the next decade we must establish baseline measurements of our environment. We

1. National Environmental Laboratories, A Compilation of Comments and Materials

Related to a Proposed Environmental Laboratory, prepared for use of the

Committee on Public Works, January, 1971, Serial No/ 92-3, U. S. Government

Printing Office, Washington.

-1-
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must create environmental data banks, halt the erosion of our soil, decrease the

amount of industrial and urban wastes dumped into the air, and so forth. But we

also face profound economic and political problems derived from the fundamental

sources of pollution and the unpleasant tradeoffs they will ultimately force us

to make. It will take us many decades of study to find acceptable solutions to

these more basic problems.

To concentrate only on the immediate symptoms of environmental deteriora-

tion is to simplify our predicament and to place the National Environmental

Laboratory proposal in too narrow a perspective. This committee is considering

the formation of an institution which should be serving a useful function well

into the next century. Thus I would like to spend my time this morning illustrat-

ing the more general and long-term aspects of all our environmental problems.

This past year our research team has identified and analyzed many

implications of those factors which influence our long-term, global environment.

We have been using a systems approach to follow the interactions among five

major areas of concern - population growth, food production, pollution2, depletion

of natural resources, and industrialization. The work has been commissioned by

the Club of Rome, an international association of private individuals, scientists,

academic leaders, businessmen, and humanists, who are profoundly disturbed by

current, worldwide trends.

Analysis of these trends has given my team a special perspective on the

2. For purposes of this presentation, pollution and environmental degradation
are used interchangeably to denote deterioration in any aspect of the
human environment.
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objectives which must be served by any successful environmental effort. The

objectives derive from the three basic facts which characterize environmental

deterioration:

1. There typically are long time delays between a polluting

activity and its ultimate consequences.

2. Any intrusion on the environment is likely to have

geographically far ranging effects.

3. There is no practical possibility whatsoever of totally

eliminating environmental problems.

This morning I will briefly illustrate each of these facts, and describe

the questions they pose. Finally I will list six characteristics which any

environmental research program should have in order to answer these longer term

questions. I hope my comments may give you a broader picture of what our national

environmental program can and should be.

TIME DELAYS - A SPECIFIC EXAMPLE

Many environmental issues could be used to illustrate the first two points

above. I will use an example which must by now be very familiar to everyone

on this committee. Let me present a simple model of DDT levels in our environ-

ment and analyze DDT movement from cropland into the first few biological levels

of the marine environment.

Since its first significant use in the early 1940's to control disease-

bearing insects and crop pests, DDT has become universally spread throughout our

environment. It is found in the bodies of all humans, in Antarctic penguins,

and in fish and plant life throughout the oceans. Rather than debate the

benefits and dangers of its use, I will discuss this morning only the dynamics
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of the processes by which it is spread. How quickly does DDT move from cropland

to fish? If we were to stop gradually the application of DDT everywhere in the

world, how long would it take for the chemical to disappear from our ecosystem?

What would be the implications for U. S. citizens if its use were banned here

but continued abroad? There are certainly some gaps in our knowledge about the

basic physical constants involved in DDT transport, but simulation techniques

recently developed at M.I.T. permit us to use the scientific data already available

to obtain preliminary answers to these questions.

We can summarize the literature on DDT movement from cropland application

to the marine environment with Figure 1.

DDT IN precipitation
AIR into ocean uptake in uptake consumption

plankton in fish

precipitation

4onsoilAPPLICATION DDT IN DDT IN DDT IN DDT IN
BY SPRAYING OCEAN PLANKTON FISH MAN

evaporati on

m.degradation

degradation degradation

DDT IN
SOIL

solution
in rivers

(degradation

Figure 1: Movement of DDT Through the Environment

Most of the approximately 100 thousand tons of DDT produced each year is

3
applied by spraying over land3. In the spraying process DDT is atomized, and

3. This brief discussion is summarized from the more extensive and technical

publication by Jorgen Randers and Dennis Meadows, "The Characteristics and

Implications of DDT Movement in the Environment," available from the Program

Office, System Dynamics Group, A. P. Sloan School of Management, E40-214,

Massachusetts Institute of Technology, Cambridge, Mass. 02139.
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a significant fraction of the chemical remains suspended in the atmosphere. The

remainder, perhaps fifty percent, comes to rest on the soil. DDT can disappear

from any environment only through degradation into harmless substances or through

physical removal by evaporation, solution, or absorption. The most important

determinant of DDT's movement in the environment is its very slow degradation

rate. Some DDT does disappear from the soil through chemical breakdown, generally

aided by micro-organisms, but most of it ultimately evaporates into the air from

the soil or dissolves in ground water and is washed eventually into the ocean.

Little degradation of DDT appears to take place in the atmosphere, so that every

molecule which evaporates eventually precipitates again, into the ocean or back

to the land. In the atmosphere there is tremendous dispersion of DDT. A

molecule applied to a field in Asia may easily come to rest within U. S.

boundaries.

In the ocean, DDT is absorbed by small organisms, and a tremendous

concentration occurs. The level of DDT in plankton may be 1000 to 10000 times

that in the surrounding water. At the next stage of the food chain, fish

concentrate the chemical in their own tissues. DDT levels in fish are typically

ten times that found in the plankton they eat. We could trace movement further

to larger fish and to man, through both marine and terrestial food chains. But

the above picture is sufficient to illustrate the source and the implications of

a time delay between the release of DDT and its appearance in significant amounts

elsewhere in the environment.

When the above structure is combined with data on degradation half-lives,

vapor pressure, partition coefficients, absorption rates, and so forth, it is

possible through computer simulation to answer the questions we have posed about

the long-term behavior of DDT in the environment.

Figure 2 is a computer print-out indicating the concentration of DDT which

would result at different points in the system over the next 50 years if global

m -



F- H
- .C

0 LoIC

,-,

U
F-

C'4

C
Lo
Cn)

.APPLIOATION
RATE

. . . . . . . 0. . . . .0

- -

C
Co

-I

C
C
C
CNJ

YEAR

C
c"4

Figure 2: Projected Effects of a Gradual Decline
in DDT Application Rate after 1970.

DDT IN
FIIISI

. 0 . . . . . . . . .

2I5y

IIN

L
DOT

Sol

C: L nLC
r-4_:

. 0=

C)LfIC
rnC r

CNJ

-

L

VI)

-. J I.
-- 0

4.

00
. .0

C
Cn

. . . . . . . . .

I



-7-

DDT use were slowly to taper off to zero by the year 2000. The computer output

indicates the amount of DDT applied, the quantity in soil, and its concentration

in fish. Different scales are used for each variable. Significant use began

around 1940. Thus, historical data on the production rate are used for the

period 1940-1970. The application rate shown from 1970-2000 is, of course,

only one of many possible alternatives. As a result of the assumptions in this

analysis, DDT concentration in fish would continue to rise for eleven years

after application began to decrease. It would persist in fish at concentrations

higher than its current level for 25 years, i.e. until 1995. These precise

results depend, of course, on the accuracy of the model's assumptions, but the

general lagged behavior is certainly true for DDT. More important, this delayed

response to corrective action is characteristic of all environmental problems.

Had I analyzed the relation between sulfur dioxide emissions and lung damage,

the delays would have been somewhat shorter. At the other extreme, the full

impact of air pollution or thermal emissions on the global climate may well

take more than a century to appear.

IMPLICATIONS OF TIME DELAYS

Each of you has probably had the experience of alternately scalding and

chilling yourself in a shower when there was a long pipe between the faucet and

the shower head. It is difficult to control the water temperature under that

circumstance, because the long pipe introduces a delay of perhaps five seconds

between the time you take an action and the time you can assess the result.

This situation causes trouble because the vast bulk of man's response mechanisms

are learned in the context of essentially instantaneous feedback. Introducing

even a five second delay can cause difficulties, until you learn to plan ahead.

What then are the implications of environmental feedback delays in the order of
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twenty to one hundred years? There are at least three, and I will describe them

very briefly:

1. We need better social and biological data and much more

powerful analytical tools for tracing the probable

environmental consequences twenty or fifty years from now

of the actions we take today.

The DDT model does trace out a few of the future implications of DDT

usage. However, this model represents an extremely simple and well-studied

system compared with most of those involved in environmental problems. Our

understanding of social and biological behavior must be tremendously upgraded

before we can develop predicitive models like the DDT model for more complex

systems. Until those tools are available, our situation is very much like that

of the driver who can look out through only his side and rear windows for informa-

tion to guide his speeding car.

A corollary conclusion is that we must improve and expand our training

programs for environmental scientists who can study the behavior of individual

elements in our ecosystem and then develop the analytical models necessary for

evaluating alternative environmental policies.

Recently there has been much discussion about the possibility of assign-

ing unemployed professionals in the natural and engineering sciences to environ-

mental research. It is relevant to note that the DDT model above is primarily

the work of a physicist at M.I.T. with only eight months of training in System

4
Dynamics.

4. System Dynamics is a philosophy of system structure and a set of computer

tools which permit one to represent and analyze the structure and behavior of

complex social, biological, and physical systems. Originally developed in

the context of industrial systems the technique is widely known as Industrial

Dynamics because it was first described by Jay W. Forrester in a book by that

name. More recent applications have been made to urban decay, commodity

price cycles, diabetes, regional development, and research management. The

fundamentals of System Dynamics are explained in: Jay W. Forrester, Principles

of Systems, Wright-Allen Press, 238 Main St., Cambridge, Mass. 02139.
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The need for technology assessment tools is made doubly critical by

the empirical observation that in complex systems the short-term results of an

action often are in the opposite direction from its ultimate consequences.5

Until we understand the long-term consequences of our actions, we stand in grave

danger of being led down the wrong path by the short-term signals which are

currently our only basis for making decisions.

2. We need to rethink the philosophy and the tools which we use

for determining the net value of an action which is beneficial

today but which will involve high social costs twenty or one

hundred years from now.

Our nation's current social and economic ethic is derived from the

philosophy of the "invisible guiding hand." It is assumed, very simply, that

if every citizen and institution in our society acts to maximize his own position

in the short term, the society as a whole will benefit. When an action will

bring both benefits and costs over time, individuals use the concept of net

present value and discount the future implications so that they can determine

whether an action should be taken now or ten years from now or never. This

technique requires that costs and benefits be reduced to monetary equivalents and

compared using an interest rate related to that at which bankers lend money. The

result of this procedure is that we deemphasize those factors which are difficult

to express in monetary units and we assign essentially zero value to anything

happening more than twenty years from now.

5. For elaboration on this point and further information on the Club of Rome
project see: The testimony of Jay W. Forrester for the hearings before
the Ad Hoc Subcommittee on Urban Growth of the Committee of Banking and
Currency, House of Representatives, Ninety-first Congress, Second Session
on Industrial Location Policy, Part Three, Wednesday, October 7, 1970.
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As an extreme example, if it were to rely only on present net values,

any firm would decide to continue pouring particulate matter into the atmosphere

today, even if that meant a 100% probability of inducing a new ice age 300 years

from now. Our present annual GNP is about one trillion dollars. Using an

interest rate of ten percent, one trillion dollars 300 years from now has a net

present value of only $2.60.

This philosophy might be appropriate when natural resources and the

absorptive capacity of our environment are both infinite. Now it is becoming

abundantly clear that both are critically limited. Our long term national

interests require that we adopt a new philosophy of distributive value and new

tools to implement it. For example, we could adopt as our cardinal philosophy

the rule that no man or institution in our society may take any action which

decreases the economic and social options of those who will live on the planet

100 years from now. Of course, the implications of any such a change would be

tremendous. Unfortunately, we may not be able to maintain the status quo. The

emphasis on short term objectives combined with current rates of population and

economic growth are absolutely inconsistant over the long run with a liveable

environment. Something must change. For that reason we need to identify

alternative bases of action now, determine their consequences, choose

deliberately among them, and develop the tools necessary for implementation.

3. There is in environmental systems the potential for really

traumatic mistakes--mistakes large enough to alter drastically

the forms of human economy and society which exist today.

The writings of Paul Ehrlich and others are sufficiently well known to

make unnecessary much elaboration -in this point. However, the DDT analysis nicely

illustrates the problem. Assume, for example, that there exists a marine species

with an average lifetime of twenty years for which DDT concentrations above a
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critical level will cause total reproductive failure. Even if we were fc decrease

the use of DDT as shown in Figure 2 immediately after observing that DDT had

reached the critical level, the entire species would still be doomed to extinction

Because of the delays, DDT levels would not fall below the critical level for

25 years.

Any environmental scientist can point to numerous pollutants currently

being released into the ecosystem whose impact could, for similar reasons, have

awesome consequences for human populations.

THE NATURE AND IMPLICATIONS OF GEOGRAPHICAL DISPERSION

Because of the worldwide dispersion of DDT in the atmosphere, its eco-

logical consequences depend little on the actual location of its initial application.

Whenever an environmental problem involves the sea or the air, as most of them do,

another dimension of difficulty is added to the above problems. Making tradeoffs

between the present and the future for one individual is hard enough. Effecting

tradeoffs among many people is conceptually and practically much more difficult.

Until very recently we assumed that no one in our society had any

responsibility for the harm caused by his actions down wind or down stream.

Now we are beginning to search for the economic theories and the legislative

acts which will force individuals and institutions to bear personally the

external costs of their activities. There are still, however, many unsolved

theoretical and political problems, even when both parties(polluter and polluted)

share the same political philosophies and are subject to the same legislative

and judicial system.

Are the rights to gainful employment of those working in a polluting

corporation more or less important than the rights of those downstream to pure

water? We have not worked out a definitive approach to that problem yet. Then

how are we to make and implement international decisions on pollution rights

I
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and responsibilities? Should we expect the population of the less-developed

areas to forego the short-term benefits of DDT usage in order to decrease the

DDT problems in the more developed areas? If so, how are pollution rights

to be assigned? The political and economic problems inherent in those questions

prevent me from even suggesting answers. However, our nation will face scores

of similar questions in the coming decade.

THE IMPOSSIBILITY OF ELIMINATING ENVIRONMENTAL PROBLEMS

Even if we did have available the philosophies, the political and

economic theories, and the analytic tools described above, we still would

be faced with environmental problems. Anyone whose current actions are

based on the ultimate goal of a pollution-free nation probably does not

understand the fundamental sources of environmental degradation. Cleaning

up pollution is a more costly process than most people realize, and the

cost involves more than just dollars. The price of a pure environment

may be higher than the price we are willing or able. to pay.

Most discussions about environmental protection are based on

6a set of assumptions something like that illustrated in.Figure 3. People

recognize that pollution comes in part from industrial output and from the

chemicals employed in agriculture. It is also obvious that as pollution

has increased, the public reaction against it has grown. The result,

just now beginning to be felt, is pressure to decrease the quantity of

chemicals used in agriculture and to increase the fraction of capital

6. A positive sign indicates that a change in one element will cause,
generally after some delay, a change in the same direction in the element
it influences. A negative sign denotes a relationship in which an increase
in one element brings a decrease in the element it influences. For
example, an increase in pollution is assumed to cause an increase in public
reaction against pollution.



-13-

AMOUNT OF
POLLUTION

(+) (+)

QUANTITY OF
CHEMICALS EMPLOYED PUBLIC REACTION

IN AGRICULTURE AGAINST POLLUTION

FRACTION OF CAPITAL
ALLOCATED TO POLLUTION CONTROL

(+)

INDUSTRIAL
OUTPUT

Figure 3: Simple Model of Pollution Abatement

allocated to pollution control. Examples of the latter are capital invest-

ments to remove sulphur from fuels, to monitor air and water purity, or to

treat sewage. There has been a corresponding, if slight, decrease in

pollution as a result of such pollution control measures. The implication

of the model in Fugure 3 is that better legislation and more effective

pollution control technology will solve our environmental problems.

Unfortunately, the situation is not so simple. The real driving
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forces behind environmental deterioration have been left out of that model.

Those central driving forces are population growth and rising expectations.

I have included a more complete and realistic model in Figure 4, where some

new relationships, designated with heavy lines, have been added to the

assumptions we have already considered in Figure 3.

As population increases, agriculture must be intensified to provide

more food. That results, typically, in the use of more agricultural

chemicals. The use of pesticides, herbicides, and fertilizers does

increase food production, at least in the short run. Thus where population

is increasing, strong pressures generated by low levels of food per capita

will tend to counteract public reaction against pollution. This process

is much less important in the United States than it is in many countries

abroad. However, as we saw above, even those agricultural chemicals

used in the less-developed areas contribute to our own national pollution

problem. This component of pollution can only be reduced by decreasing

(in the short run) the food per capita. Half the people in the world are

hungry today, so this is an important dilemma. Can we ask that pollution

from agriculture chemicals be decreased if it means that more people will

be hungry? Are we willing or able to stop population growth in order to

improve the environment? The answer in each case may be partially

affirmative. However, the cost of full environmental protection would be

in each case too high for society to bear.

When population growth is coupled with rising expectations, tremendous

capital investment must be generated to keep industrial output in pace

with demands. A greater capital base does lead to increased industrial

output, but increased industrial output also generates more pollution.

I
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Increases in population and per capita income promise to exacerbate our

environmental difficulties, for at least the next thirty years. By the year

2000 many experts predict that the United States population will exceed 270

million, and the per capita GNP will be 300 percent greater than today. If

there were no counteracting changes, that is a load on the environment of at

least four times that which exists today. Of course, we do not have the

environmental deterioration under control even today.

Of course we can implement some policies to counteract the growth in

our population and our desires. We can choose as a society to allocate more

capital to producing cleaner air, purer water and a more pleasing physical

environment. But there are still more tradeoffs not designated in Figure 3.

As more capital is diverted to protecting and rehabilitating our environment,

relatively less will be available for the production of the material goods

and services measured by our GNP. Prices will rise; relative material standard

of living may actually decline. Jobs will be lost as some firms find they can

no longer compete when the cost of pollution control is added to their products.

The delays are long enough that we have so far been able to avoid facing these

issues on any national scale. For example, over 75 percent of the nuclear

power generating capacity, currently planned or under construction in the United

States, is being delayed by environmental considerations. Will citizen pressure

groups maintain their resolve when they are forced to cut back on their demand

for electricity? Is it more important to employ all our citizens or to provide

them with an improved environment? Every environmental issue poses questions

like these. It is essential that we begin to evaluate alternative answers.

I
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POPULATION AND ECONOMIC GROWTH

Environmental degradation is no accident. It is an inescapable

consequence of growth in population and economic activity on a finite

planet. There is no practical possibility of increasing the population

and industrial output, nationally or globally, without intruding on the

environment. Conversely, there appears to be no acceptable way to halt

environmental deterioration without strongly influencing the nature of

population growth and capital accumulation.

Our analysis for the Club of Rome suggests that the next fifty

years will witness a traumatic change from global growth to a more stable

population level and rate of material usage. Population and capital cannot

continue to grow indefinitely. It is important to realize that environ-

mental problems are just one of the pressures which will inexorably

mount until population and capital are brought into long-term equilibrium

with the finite resources of our globe. There is no utopia in the offing.

The biological and psychological pressures sustaining growth are enormous.

Thus the sum total of all counter-pressures which will eventually neutralize

the growth forces will also be large. These may include starvation, resource

depletion, plague, pollution, psychological stress, or hopefully, drastic

changes in our personal and social values.

There is no theoretical possibility whatsoever of avoiding this

pressure. Our only option is to make intelligent trade-offs among its

components so as best to achieve our long-term objectives. Our society has

many different and conflicting values. Thus, there will be no "right"

answers to the problems we face, but our citizens and our political

institutions must be presented with a list of our realistic, long-term

options, of our current policy alternatives and of their probable consequences.

Only then can we expect to negotiate the next fifty years with our
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national integrity and our most fundamental social values intact.

REQUIREMENTS OF A SUCCESSFUL ENVIRONMENTAL PROGRAM

Implicit in our current approaches to environmental problems are

the assumptions that we need only a little more data on the ecological

effects of current pollutants, only slight modifications and more thorough

enforcement of our current laws, only normal progress in our programs to

develop improved pollution monitoring and control technology. If I

shared that view I would not be here this morning, for it is clear that

current institutions and programs can, in time, achieve each of these goals.

Our own research and our conversations with experts in The United

Nations, in industry, and in universities, here and abroad, convince me instead

that pollution control is not just around the corner. Rather we are entering

a sustained period of difficult decisions between short term objectives

and long term values which are no longer compatible. To negotiate that

period in an orderly fashion will require goals, scientific knowledge,

technological assessment techniques, analytical tools, institutions, and

values which we do not currently have.

I am no expert on the scope and objectives of our nation's current

environmental programs. However, my role in directing the international

and interdisciplinary team engaged in the Club of Rome project has given

me insights into several requirements of the research effort which will

provide us the basis for long term success. Let me close by simply listing

them for consideration by your committee and the others who will now decide

whether and in what forms new institutions and programs must be initiated

in response to our environmental predicament.

7. A preliminary model of global population growth and capital accumula-
tion is presented and discussed in: Jay W. Forrester, World Dynamics,
Wright-Allen Press, June 1971. The text discusses the interaction of
population and economic development with the environment and analyzes
the impact if several alternative environmental policies.

- - - III M - 111 .11110 1
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1. To increase the probability of success we need an institution completely

free of short-term pressures. That means long-term funding should be

assured. It also implies the institution should be vested with no short-

term executive responsibility.

2. The research should be unclassified and completely accessible by all

members of our society.

3. The institution should have the resources and the reputation to draw on

foreign scientists, for we can certainly not realize our own environmental

objectives until other nations participate in defining a more enlightened

long-term view.

4. The institution should be free and able to offer the apprenticeships

which can channel the energy and the concerns of our younger generation

into constructive application to environmental problems. The AEC's training

program for U.S. and foreign students and scientists is a very useful model

in this regard.

5. The initiation of such an organization should be viewed as an important

opportunity to explore new organizational forms. Interdisciplinary research

is required on an unprecedented scale, and we must answer questions which

differ in their complexity and time horizon from any we have addressed before.

I would expect that our traditional forms of organization may not be appro-

priate here. If there are to be four laboratories, every effort should be

made to make each of them a different, innovative experiment in organizing

for this sort of research effort.

A
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6. Underlying every research effort should be the realization that environ-

mental degradation is not independent of population growth and a rising

material standard of living. No long-term environmental program can be

successful unless it explicitly addresses the trade-offs among these

trends and sets realistic long-term goals for each.

There are many other requirements, of course, omitted here because they

have already been summarized sufficiently elsewhere. I would be pleased to make

much more detailed comments when that becomes an appropriate input to the

planning process. I hope the information above will suffice for this morning

to place our environmental problems in their proper perspective.

Let me close on a note more hopeful than that maintained above. We are

at an important juncture in the evolution of our global system. Past trends of

population growth, industrial expansion, resource depletion, and environmental

deterioration cannot be sustained for more than thirty years, one doubling

time of the global population. There is growing awareness that a new course is

indicated, but irrevocable commitments to environmental policies have not yet

been made. Preliminary preparations for the U.N. Conference on the Environment

to be held in Stockholm in 1972 suggest a tendency to approach environmental

problems from the same vantage point of parochial, short term, economic and

political interest which has lead us to our current predicament. A positive step

by the United States at this time could be tremendously influential. I believe

a massive commitment to the objective analysis of long term, global environmental

trends coupled with an invitation - perhaps extended in Stockholm - for others to

join in the endeavor could set a new standard which would offer some hope for our

long-term prospects.
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GENERAL MEETING OF THE CLUB OF ROME

Bern, Monday June 29, 1970

P R 0 G R A M M E

9.30 a.m.

10.30 a.m.

1.00 p.m.

3.00 p.m.

Registration of Participants

Informal Meeting of Participants

Lunch

General Assembly of the Club of Rome

Agenda

1. Report on activity

2. The "Predicament of Mankind" Project

3. Other future activities

4. Membership

5. Executive Committee

6. Incorporation

7. Funding

8. Relations with other Organizations

9. Conference with Swiss Authorities and Personalities (June 30, 1970)

10. Others

6.00 p.m. Press briefing

8.00 p.m. Dinner

The Assembly will be held in English.
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9.00 a.m. Opening of the session

Chairman : Professor Olivier REVERDIN, President, Consultative
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Science Council, Member of the Swiss House of

Representatives
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Professor Jacques FREYMOND, Directeur, Institut Universitaire de

Hautes Etudes Internationales
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.0.00 a.m. Why the Club of Rome
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Technische Universit~t Hannover

.0.15 a.m. The activities of the Club of Rome
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.0.30 a.m. Coffee break

1.00 a.m. Presentation of the Project "Predicament of Mankind"

Professor Hasan OZBEKHAN, General Manager International Development
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Los Angeles

1.30 a.m. The framework for the execution of the Project in Switzerland

Dr. Hugo THIEMANN, Directeur G6n6ral, Institut Battelle, Geneva

1.00 p.m. Luncheon given by the Swiss Federal Council in honour of the Club

of Rome and Swiss guests

3.00 p.m. Debate

4.30 p.m. Summary and conclusion
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EMBARGO: JUNE 30, 1970 10 a.m. Alexander KING

CLUB OF ROME CONFERENCE

Bern, June 29 and 30, 1970

What is being done to meet the situation

The rising crisis in human affairs which has been described

by Professor Freymond is only now beginning to be appreciated

in its entirety by politicians and the public at large. Many

of its elements have, of course been recognised for some years

and have, as in the case of the population explosion, pollution,

delinquency, drug taking and the student unrest, already become

political and social issues. As far as I am aware, however, no

government has yet attempted to relate these phenomena or has

perceived clearly that individually they are but symptoms of a

disease which has become generalised within the social organism.

There has been no serious attempt to analyse and diagnose in

a coherent sense or to assess the possible impact of present

trends on the body politic or on society as a whole.

The nearest formal attempt to present a total picture of the

situation was made by Professor Thorkil Kristensen in February

1969 when, as Secretary-General of the 0.E.C.D., he presented

to his Ministerial Council a statement on "the problems of the

modern society" particularly in the context of conditions of

rapid economic growth. This evoked a spontaneous response from

the Ministers of many countries and it was agreed that continu-

ing growth and increased prosperity could well aggravate the

modern society problems unless steps were taken to modify the
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means, and particularly the technological developments on what

growth depends and to consider more carefully the way in which

the products of growth could better contribute to the advancement

of society.

O.E.C.D. has continued its analyses of these problems giving

particular stress to those of the environment4 It has become

increasingly clear that the origin of the new cluster of problems

is to be found in three inter-related causes# namely rapid

population growth and its increasing concentration in large

aggregates; unprecedented levels of prosperity in the indus-

trialised countries, despite residual islands of poverty and

underprivilege and finally a rapid and uncontrolled technological

development on which prosperity has been based but which has

provided many undesirable side effects.

Meanwhile the individual problems of race, social unrest,

pollution and student unrest have become ever more pressing,

in most countries. In the United States, for example, concern

about environmental pollution has reached a level of hysteria.

President Nixon, in addition to initiating action programmes

for the United States called upon the Atlantic Council to take

up the challenge of the problems of modern society with the

result that NATO has created a committee for the purpose and

has organised a series of important national case studies,

especially in pollution problems of inland and coastal waters,

the air etc. and also on disaster control.

O.E.C.D. has, over a period of years developed a modest but

practical programme in technological and resource management

aspects of the air and water systems as well as undertakixg

studies on pesticides, noise pollution (including the sonic

-o
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boom), urban management and new transportation technology,

This work will now be given greater importance and extended

within the economic context which is the characteristic of

this Organisation with special emphasis on cost-benefit and

cost effectivenness studies of alternative means of controlling

pollution, including the problem of who should pay - government,

industry or consumer, a problem which involves competitive

aspects of international trades

Meanwhile the OECD Ministers, at their meeting of May 1970,

have pronounced on the economic growth prospects for the decade

of the 1970's. The target of 50 per cent growth of G.N.P. for

the OECD Member countries for the 1960's was exceeded in practice

and, if Japan, which was not a member when the objective was

set, is included, it was greatly exceeded. In view of the poten-

tialities of the various countries for further growth the

Ministers "set an increase in the real national product of the

OEOD area as a whole, of the order of 65 per cent as a collec-

tive growth objective for the decade 1970-1980". This is

regarded as a framework within which "Member countries will

determine their economic policies". The Ministers stressed,

however, that "growth is not an end in itself but rather an

instrument for creating better conditions of life" - a state-

ment of considerable political weight. "Increased attention" -

they said - "must be given to qualitative aspects of growth

and to the formulation of policies with respect to the broad

economic and social choices involved in the allocation of growing

resources".

The international bandwagon of the environment is by no means

restricted to the Organisations mentioned above. The Council

of Europe, for example, which has for many years interested

itself in pollution and ecological problems, held an important



meeting on the subject earlier this year in the presence of many

princes of the European Royal Houses. The Economic Commission

for Europe of the United Nations is equally concerned and

provides a forum for East-West discussion of these problems;

it will hold an important conference on the environment in Prague

during 1971. The European Communities of Brussels are likewise

considering these questions from a more directly operational

point of view within the scope of the "Aigrain Committee".

UNESCO with its cultural and research preoccupations held a world

conference on the biosphere in 1969, while the U.N. itself is

organising a world conference on the environment which will be

held in Stockholm in 1972,

Apart from these intergovernmental approaches, a large number

of unofficial bodies have begun to take an interest in the

modern society problems and, being free from the sectoral and

bureaucratic constraints of the intergovernmental organisations

are able to take a broader and more comprehensive view, but

lack of course the means for actioni They possess a limited

degree of influence but have an extremely important function

of public education and the opportunity for deeper intellectual

penetration of the complex of problems. We can only list here

a few of the more important private actions undertaken or

envisaged. There are doubtless many more, in fact I am at

present receiving invitations to participate in meetings of

this type at the rate of four to five per week. In particular

a number of significant ddmarches are at present being made in

the United States, for example as a follow up of the work of

the President's group on national goals, which are not fully

known in Europe.

The following should be noted: the symposium held by the Nobel

Foundation in October 19691 the New York Conference of the
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World Academy of Arts and Sciences in April 1970 on "Environment

and Society"; the Aspen conference of the International Association

for Cultural Freedom on technology, social goals and cultural

options to be held in August 1970. All these meetings have had

an integrative and comprehensive approach to the problematique.

On the environment again, the Battelle Institute is organising

an important conference in Washington in January 1971 where the

place of industry will be particularly stressed, and this will

be followed by a conference in Europe on the same theme later

in that year. The International Chamber of Commerce is also

working in the same direction.

To sum up, there is a large and growing concern for this whole

problem area. The private and professional initiatives are

useful, encouraging comprehensive discussion but have, so far,

had quite minor influencel the intergovernmental activity is

large and probably excessively concentrated on the specific

problems of pollution of the environment - so far mainly by talk

rather than action. While there is a growing awareness on the

part of many politicians that pollution is but one facet of the

cluster of societal problems, they are in fact focussing on

this aspect since it involves the least degree of social

complexity and controversy. Pollution is an inorganic enemy

which does not fight back in social and political terms; it

is on the whole politically unifying and a useful diversion

from still more serious and difficult matters.

In the meantime, public opinion, initially through students,

radical groups and intellectuals but increasingly throughout

the spectrum of society, is becoming deeply concerned with the

human condition as it is emerging and with the inadequacy of

existing structures, political systems and power groupings to

face up to an uncomfortable reality. This takes many extreme
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and even absurd forms - demands for an excessive conservationism,

for a moratorium on scientific research for the acceptance of a

zero-growth economy. The latter concept can be very dangerous -

it would remove the possibility of abolishing the residuum of

poverty in industrialised societies except through a revolutionary

redistribution of income and abandonment of the present basis

of society. In the tiers monde it could only be seen as a decadent

post-colonialist abdication of responsibility by the rich nations

of the world*

The predicament is deep. Man has shown that through technology

he can free himself from poverty but has at the same time

demonstrated his incapacity to manage himself, his societies and

his future. He has made evident his capacity to create the

weapons and conditions for the suicide of the race, not only

through the bomb but through general incapacity to manage

affluence and through the new potentialities provided by molecular

biology and neuro-physiology to manipulate his organism and

psyche-means, as is always true in science, which are capable

of the greatest good and the greatest evil. The normal processes

of organic evolution are too slow to take man further in the time

he disposes. His fate and future are in his own hands, but he

is aware of his lack of wisdom in contrast to his cleverness in

material invention. The only ethic which remains to guide

society and the individual is that which distinguishes policies

and actions which favour human survival from those which lead to

distruction.

19th June, 1970.
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CLUB OF ROME CONFERENCE

Bern, 29-30 June 1970

THE FRAMEWORK FOR THE PROJECT IN SWITZERLAND

Natural sciences, as we know, have developed very rapidly. Every 15

years the number of scientists doubles, and so does the number of their

publications. The leading industrial countries have not only contributed

to furthering scientific knowledge, but have developed technology leading

to enormous industries. Switzerland is one of the highly industrialised

countries and its contribution to scientific knowledge and to the develop-

ment of industrial products is important in comparison to its small size.

The gap between Science and Institutions

Science and technology are responsible for a high standard of living, but

at the same time they are the cause of many critical world problems. The

scientist lives in a kind of euphory, convinced that he can solve any

problem provided he has enough time and money. The latest Apollo missions

have emphasized this fact. Humanity, however, is reacting violently to

such a development, and in spite of increased knowledge we are witnessing

a very severe crisis. The problems created by scientific progress seem to

become more and more complex in nature, and we appear helpless to find

solutions, even with our best scientific brains.

We have learned to solve problems with the tools of the natural sciences;

however, today's problems seem to be immune to such an approach. All our

attention has been concentrated on technical inventions and innovations,

and institutional innovation has not been encouraged. On the contrary,

most of our efforts have been devoted to maintaining out-dated institutions.

./.
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Because of this apparent inability to use science to solve or avoid

critical world problems, confidence in science has been "lost". The

scientist is accused of undertaking scientific work for the sake of

science and because during the past 20 years he has had almost unlimited

financial support from society.

The new problem

Natural sciences have helped in the understanding of basic phenomena.

Fundamental laws have been discovered, laws which can be checked and

measured accurately. The critical world problems apparent today cannot

be measured by the scale of the exact sciences. The basic laws are not

known, and the complexity of problems touching the behaviour of the

human being are such that common rational thinking seems powerless. We

may define the knowledge we would need as the soft sciences. However,

the stake is so vital that even a very modest trial would be worth while

in order to improve our understanding of the problematique.

The project described by Mr. Ozbekhan is a possible but unusual way of

investigation and the fruits of a serious effort in this connection would

seem to be promising.

The project

A research project such as that presented by Mr. Ozbekhan always appears

vague in its early stages. As director of a research institute I think that

this is not unusual. In most cases an idea or a question is vague at the

origin of the project. It is a very difficult task to reduce it to a project

capable of describing a specific approach which looks possible. Such analyses

are necessary when we have to define how many people, what kind of people,

what time and how much money are involved. A proposal has been worked out

in order to realise what kind of organisation is necessary to do excellent

work. The execution of research projects, especially the type in question, is

very difficult because of its exploratory nature. It is not a matter of

finding an answer to a very specific question but to an extremely complex

0 /
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situation. The essential key is the research staff involved. Deep

personal involvement is necessary as well as the tools for managing

such an undertaking.

As the project is conceived as a single trial over a very limited

period of time, it would not be advisable to form an institution for
this purpose. It was therefore suggested that an ad hoc groupe of

scientists be set up and incorporated into an existing research

institution. The project will need the help of many consultants in

different parts of the world and the staff for the project has to be

composed very internationally.

The BATTELLE INSTITUTE in Geneva is prepared for such an assistance,

as the permanent staff is composed of many nationalities and is expe-

rienced in many international research projects.

As the creed of the Battelle-Foundation is based on furthering science

and its application for the benefit of mankind, the present project

falls within its broad interests. It is therefore certain that the Club

of Rome task force appointed to direct and execute the project finds a

very receptive and natural surrounding.

The infrastructure of the Institute, i.e. its library, staff department,

language department, publishing department, telecommunications, etc.,

can be made available within the contractual mechanism of the institute.

Battelle should provide for all the necessary help as well as some

specialists and supporting instruments. The Battelle laboratories in

Geneva will be the supporting structure but the responsibility for conduc-

ting the project lies with the Club of Rome. The Institute has today a

staff of about TOO people, of which 100 are already active in the soft

sciences. Some of the scientists are very concerned with the subject of

the project and the mathematical means already available may become an

important tool for the work.

./.



We have proposed that the project be undertaken in Geneva, not only
because of the Battelle facilities, but because of the ideal situation
of Geneva for international work and the easy link to other international
organisations whose activities are pertinent to the project.

To be a success the Project needs a suitable platform, that is Switzerland

as a neutral unengaged island. There are not many such places in the world.
We are very honored, and I am personally very indebted to our "Conseil

F66dral", in particular to M. Celio who has reacted enthusiastically to

such an undertaking.

In the past, Switzerland has supported many new ideas, like the Red
Cross, for example. I hope that the effort and support given to the

approach of the Club of Rome will open new ways in the tradition of
our small country.
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FIRST CLUB OF ROME CONFERENCE

BERN, 29 and 30 June 1970

By invitation of the Swiss Federal Council the Club of Rome will hold
its first conference at Bern on the 29th and 30th of June.

About forty people will participate, coming from various countries
in Europe, North and South America, Asia and Africa.

The Club of Rome was founded in 1968 at a meeting in Rome of some
thirty people who set out to contribute towards a better understanding
of the problems of modern society as a whole, seen in its global context.
The Club of Rome aims at promoting a better analysis of the dynamics,
interdependence, interactions and overlaps of the problems that charac-
terize this whole, while concentrating particularly on those aspects
that concern all mankind.

The results of the Club of Rome's studies and activities will be made
known to public opinion in scientific, intellectual and political circles,
and to decision centres at all levels, so as to influence world affairs
as much as possible along more rational and humane lines.

More specifically, the members of the group promoting the Club of Rome
have worked out a research project - The Predicament of Mankind - which

will be undertaken in Switzerland with non-governmental financial backing.
This particular project will be carried out at the Battelle Institute,
Geneva, by reasearchers from various countries and research institutes,
under the general management of Professor Hasan Ozbekhan.

0/.
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The meeting of the 29th and 30th June 1970 will therefore be of

primary importance to the start and practical development of the

mission the members of the Club of Rome have taken on themselves.

Its main aim will be to analyze and approve the method and organi-

zation of work on the project "The Predicament of Mankind", and to

determine the Club of Rome's future programme.



Massachusetts Institute of Technology
Alfred P. Sloan School of Management

50 Memorial Drive
Cambridge, Massachusetts, 02139

July 8, 1970

Memorandum
To: MEMBERS OF THE CLUB OF ROME

From: PROF. JAY W. FORRESTER

Subject: PRELIMINARY PLANS FOR THE MEETING OF JULY 20 THROUGH JULY 31, 1970

Enclosed is a preliminary program for the meeting during the last
two weeks of July. It is designed to provide individual experience in
modeling and dynamic behavior of social systems. We have found that
only direct participation conveys the correct understanding. Reading
and lectures by themselves seldom are sufficient. You will see that the
program provides lectures in the mornings on methodology and on appli-
cations. During the afternoons substantial time has been set aside
for small working groups who will be assisted step-by-step through the
sequential phases of a system study.

The objective of the program is to convey sufficient understand-
ing and experience so that the individual participant can judge for him-
self whether or not a suitable methodology now exists for revealing the
nature of dynamic behavior in our social systems. We believe that meth-
odology does exist.

1. Time of arrival. We suggest that participants from overseas arrive on
Saturday July 18, so that Sunday will be available for rest and pre-
paring for a full schedule on Monday. Participants from North America
may wish to arrive on Sunday.

2. Information from participants. Please let us know immediately by tele-
phone or cable of your plan to attend, your time of arrival, and whether
you desire to stay at the Sonesta Hotel, where a block of rooms is re-
served. The hotel is 0.7 miles (1 kilometer) from the building where
we will meet; this will be walking distance if the weather is favorable.
Rooms at the hotel are $23 per day for single occupancy, or $26 per day
for double occupancy, not including meals. A map is enclosed; the ad-
dress of the hotel is:

Hotel Sonesta Cambridge
5 Cambridge Parkway
Cambridge, Massachusetts
Telephone: 491-3600



3. Starting time. The meeting will start promptly at 9:00 on Monday morn-
ing July 20. The meeting will be held in:

Room 52-180
Sloan School of Management
50 Memorial Drive
Cambridge, Massachusetts

The room leads directly off the first floor lobby. It is air-con-
ditioned and has conference table seating space for the active partici-
pants in the conference. Around the walls of the room will be chairs
for members of the M.I.T. staff taking part in the meeting, for wives
of any participants who wish to attend, and for occasional guests who
are not taking part in the full duration of the conference.

4. Preparation of proposal. The Executive Committee of the Club of Rome
has arranged the meeting primarily to gain information which can be used
to prepare plans for the future work of the project of the Club. Time
is being set aside in the program for the Executive Committee to meet
on the afternoons of July 27, 29, and 31. In addition, the Executive
Committee may wish to meet during the weekend of July 25 and 26. I sug-
gest also that members of the Executive Committee arrange their plans
so that a meeting can be held on Saturday August 1, if still more time
is needed for preparing plans for the project at Batelle Institute in
Geneva.

5. Clothing. Business suits are appropriate for all lunches and dinners.
The weather during July is often hot; some rain can occur. The meet-
ing room and the hotel are air-conditioned.

6. Lunch. A separate dining room for the conference has been reserved in
our Faculty Club. It is in the same building as the meeting room.

7. Schedule. As the enclosed program shows, the schedule is heavy and
most time has been allocated. Substantial reading material will be
distributed for participants to read during the unscheduled evenings.

8. Participants. The following people are now expected; there will be
additions and possibly some cancellations:

Club of Rome Members: Non-members associated with the
"Predicament of Mankind" Project:

Jeremy Bray
Pierre R. Gendron A.N. Christakis, Washington, D.C.
Saburo Okita Michel Lorthioir, Geneve, Switzerland
Hasan Ozbekhan, Exec. Comm.
Aurelio Peccei, Exec. Comm. Other guests:
Eduard Pestel, Exec. Comm.
John Platt
Ronald Ritchie Robert K. Greenleaf

Hugo Thiemann, Exec. Comm. (Several others invited, confirmation
Paul A. Weiss not yet received.)



Massachusetts Institute of Technology
Alfred P. Sloan School of Management

50 Memorial Drive
Cambridge, Massachusetts, 02139

July 3, 1970

Memorandum
To: MEMBERS OF THE CLUB OF ROME

From: PROF. JAY W. FORRESTER

Subject: SEMINAR IN CAMBRIDGE, MASSACHUSETTS, JULY 20-JULY 31 ON THE
DYNAMICS OF SOCIAL SYSTEMS

A meeting of the Club of Rome was held in Bern, Switzerland on June 29 and
30. This letter is addressed primarily to the members who were not present at
that meeting.

You have already received descriptions of the proposed Club of Rome pro-
ject dealing with the future trends in the world situation. During discussion
of the project, it developed that suitable methodology for dealing with the dy-
namics of social systems did not exist within the project plans and also that
financial support for the project was being delayed by the absence of a visible
methodology.

I suggested to the members present in Bern that we believe we have a suit-
able methodology here at MIT, developed in connection with our work in the dy-
namics of managerial systems and broader social systems. I am speaking of the
methods used initially in my book, Industrial Dynamics, and more recently in
my book Urban Dynamics(both published by the MIT Press).

At the meeting in Bern, an invitation was extended to the Executive Com-
mittee of the Club of Rome to come to the Massachusetts Institute of Technology
for a period of two weeks to evaluate for themselves the relevance of these
methods and approaches. That invitation was accepted and the meeting will be
held the last two weeks of July.

Several members of the Club of Rome who are not on the Executive Committee
indicated that they wished to attend the meeting at their own expense. This
letter is to invite any other members to join with us for the period from July 20
through July 31. It is my understanding that the Club of Rome will not be able
to pay expenses. Transportation, meals and hotel accommodations will be the
responsibility of the individual member. There will be no charge for attendance
at the symposium itself.

If you wish to attend, please let me know by telephone or cable; time for
making arrangements is very short. We will arrange a block of hotel rooms and
try to handle other local arrangements.
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The plan will be for lectures in the mornings. The afternoons will be
devoted to guided work sessions in which the individual members will obtain
experience with modeling and computer simulation of a simplified social system.
The objective will be to convey sufficient knowledge and experience to permit
evaluation of the methodology in the context of the larger goals of the Club
of Rome.

All members will receive additional material about the meeting whether or
not they have indicated plans to attend. Please notify me as soon as possible
whether or not you will attend so we will know definitely what to expect. A
list(probably incomplete)of those attending in Bern is given below in case you
wish to contact anyone for additional information.

Professor Jay W. Forrester
Alfred P. Sloan School of Management
Massachusetts Institute of Technology
Building E 52-454
Cambridge, Massachusetts - 02139
USA

Telephones: office: Area 617-864-6900 ext 2654
home: Area 617-369-9369

Cable: MIT Administration
Cambridge, Mass., USA

Those Attending in Bern:

M. Serge Antoine

Professor Frits Bottcher

Dr. Jeremy Bray, M. P.

Dr. Jakob Burckhardt

M. Louis Camu

Professor Jay W. Forrester

Professeur Jacques Freymond

Mr. Pierre R. Gendron

Dr. Alexander King

Dr. T. Adeoye Lambo

Professor Keichi Oshima

Professor Hasan Ozbekhan

Dr. Aurelio Peccei

Professor Dr. Ing. Eduard Pestel

Dr. John Platt

Professor Olivier Reverdin

Dr. Ernesto Sabato

Dr. Hugo Thiemann

Dr. Bertram D. Thomas

Dr. Paul A. Weiss



THE CLUB OF ROME

MEMBERSHIP AS OF JUNE 24, 1970

M. Serge ANTOINE
Charg6 de Mission
aupres du Premier Ministre
a l'Am6nagement du Territoire
et a l'Action R6gionale
1, Avenue Floquet
Paris V

M. Louis ARMAND
30, Avenue de Villiers
Paris XVII

Professor Frits BbTTCHER
President
Science Policy Council of the Netherlands

Sweelinckstraat 8
The Hague

Dr. Jeremy BRAY, M. P.
House of Commons
Westminster
London S. W. 1

Dr. Detlev W. BRONK
President Emeritus
The Rockefeller University
York Avenue E 66th Street
New York, N. Y. 10021

Dr. Jakob BURCKHARDT
Pruisident
Schweizerischen Schulrates
Leonhardstrasse 3
8006 Zurich

-A



THE CLUB OF ROME

2.

M. Louis CAMU
President

Banque de Bruxelles

2, rue de la R6gence

Bruxelle s

Professeur Bertrand DE JOUVENEL

52, rue des Saints-Pbres

Paris

Dr. Constantinos A. DOXIADIS

24 Straat Syndesmou.

Athens 136

Mr. Ren6 DUBOS
The Rockefeller University

YorktAvenue E 66th Street

New York, N. Y. 10021

Professor Jay W. FORRESTER.

Massachusetts Institute of Technology

Alfred P. Sloan School of Management

50 Memorial Drive

Cambridge, Mass. 02139

Professeur Jacques FREYMOND

Directeur

Institut Universitaire

de Haute s Etudes Inte rnationale s

132 rue de Lausanne

1211 Geneve 21

Mr. Pierre R. GENDRON
President

Pulp and Paper Research Institute

of Canada

570 St. John's Road

Pointe Claire, Quebec

)



THE CLUB OF ROME

3.

Dr. Caryl P. HASKINS
President

Carnegie Institution of Washington
1530. P Street, N. W.
Washington, D. C.

Mr. Daniel JANSSEN
Director-Deputy General Manager
Union Chimique Belge
4, Chaussde de Charleroi
Bruxelles 6

Professor Gyorgy KEPES
Massachusetts Institute of Technology
Center for Advanced Visual Studies
40 Massachusetts Ave. ,
Cambridge, Mass. 02139

Dr. Alexander KING
11 Director General for Scientific Affairs

2, rue Andr6-'Pascal
Paris XVI

Dr. Antonie T. KNOPPERS
Senior Vice President
Merck & Co., Inc.
Rahway, New Jersey 07065

Dr. Koji KOBAYASHI
Pre sident

Nippon Electric Co. , Ltd. ,
7-15 Shiba Gochome, Minato-Ku
Tokyo

Dr. Max KOHNSTAMM
Institut de la Communaut6 Europ6enne
pour les Etudes Universitaires
200, rue de la Loi
Bruxelles 4

Dr. Thorkil KRISTENSEN
Institute for Development Research

5, St. Annae Plads
1250 Copenhagen
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4.

Dr.- T. Adeoye LAMBO
Vice-Chancellor

Universi ty of Ibadan
Ibadan, Nigeria

Senator Maurice LAMONTAGNE
The Senate
Centre Block, Room 457-S
Ottawa

M. Robert LATTES
Directeur G6n6r al Adjoint

Groupe SEMA-SIA
15, rue des Sablons
Paris XVI

Dr. Leo MATES
President
Itstitute for International
Politics and Economics
Makedonska 25
Belgrade

Mr. George C. McGHEE
Special Representative of the Chairman

The Urban Coalition
2100 H Street, N. W.
Washington D. C. 20037

Professor Donald MICHAEL
University of Michigan
P. O. Box 1248
Ann Arbor, Michigan 48106
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5.

M. J6rOme MONOD
D616gu6 aupres du.Premier Ministre

'a 'Amenagement du Territoire

et a l'Action R6gionale
1, Avenue Charles Floquet

Paris V

Dr. Saburo OKITA

President

The Japan Economic Research Center

Nikkei Bldg. 9-5 Otemachi, 1-chome

Chiyoda-Ku, Tokyo

Profesor Dr. Julio H. G. OLIVERA

Facultad de Ciencias Econbmicas

Instituto de Investigaciones Econbmicas

Avenidai Cbrdoba 2122
Buenos Aires

Professor Keichi OSHIMA

Department of Nuclear Engineering

University of Tokyo

Hongo, Bunkyo-Ku

Tokyo

Professor Hasan OZBEKHAN

General Manager and Director

International Development. and Planning
Computer Systems Division

King Resources Company

12011 San 'Vicente Blvd.

Los Angeles, California 90049
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6.

Dr. Aurelio PECCEI

Managing Director

Italconsult

Via Pastrengo 16
Rome

Senator Claiborne PELL

The Senate of the United States

Washington, D. C.

Professor Dr. Ing. Eduard PESTEL
Rector -
Institut ftir Mechanik

Technische Universitut Hannover

Appelstrasse 24/B

3 Hannover

M. Pierre PIGANIOL

Conseiller Scientifique de la
Direction G6nerale

Compagnie de Saint-Gobain

62, Boulevard Victor-Hugo

Neuilly-sur-Seine

Dr. John PLATT

Mental Health Research Institute
University of Michigan

Ann Arbor, Michigan 48104

Professor Olivier REVERDIN
President

Consultative Assembly of the
Council of Europe

4, rue de Candolle

1205 Geneva
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7.

M. Jean SAINT-GEOURS
Co-Directeur G6n6ral

Credit Lyonnais
19, Boulevard des Italians

Paris

Dr. Ernesto SABATO

Calle Bonifacini 1147

Santos Lugares

Buenos Aires

Professor Vikram A. SARABHAI

Secretary,

Department of Atomic Energy

Government of India

Apollo Pier Road

Bombay- I

Dr. Jacques SPAEY

Secre'taire -G6n6r al

Commission Interministerielle

de la Politique Scientifique

8, rue de la Scionce

Bruxelles

Dr. Altiero SPINELLI

Direttore

Istituto Affari Internazionali

Viale Mazzini 88
Roma

Dr. Hugo THIEMANN
Directeur G6n6ral

Institut Battelle

7, route de Drize

Carouge, Genve
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Dr. Bertram D. THOMAS
(former President,

Battelle Memorial Institute)

686 El Rancho Road
Santa Barbara, Calif. 93103

Professor Arne TISELIUS

Head, Institute of Biochemistry

Nobel Institute of the Royal

Swedish Academy of Sciences

Uppsala University

Uppsala

Dr. Conrad H. WADDINGTON

Professor at the Center for

Theoretical Biology

State University of New York at Buffalo

4248 Ridgelea Road
Amher st, N.Y.

Dr1 Paul A. WEISS
Professor at the Rockefeller University

York Avenue E 66th Street

New York, N.Y. 10021

Professor Carroll L. WILSON

Sloan School of Management

Massachusetts Institute of Technology

50, Memorial Drive

Cambridge, Mass. 02139

(^) To be confirmed by Executive Committee

NOTE: Other candidates have already been considered

at Club meetings. Selection and cooptation of

a number of them is presently under way.



EMBARGO: June 30, 1970 - 11.30 a.m. Hugo Thiemann

CLUB OF ROME CONFERENCE

Bern, 29-30 June 1970

THE FRAMEWORK FOR THE PROJECT IN SWITZERLAND

Natural sciences, as we know, have develcped very rapidly. Every 15

years the number of scientists doubles, and so does the number of their

publications. The leading industrial countries have not only contributed

to furthering scientific knowledge, but have developed technology leading

to enormous industries. Switzerland is one of the highly industrialised

countries and its contribution to scientific knowledge and to the develop-

ment of industrial products is important in comparison to its small size.

The gap between Science and Institutions

Science and technology are responsible for a high standard of living, but

at the same time they are the cause of many critical world problems. The

scientist lives in a kind of euphory, convinced that he can solve any

problem provided he has enough time and money. The latest Apollo missions

have emphasized this fact. Humanity, however, is reacting violently to

such a development, and in spite of increased knowledge we are witnessing

a very severe crisis. The problems created by scientific progress seem to

become more and more complex in nature, and we appear helpless to find

solutions, even with our best scientific brains.

We have learned to solve problems with the tools of the natural sciences;

however, today's problems seem to be immune to such an approach. All our

attention has been concentrated on technical inventions and innovations,

and institutional innovation has not been encouraged. On the contrary,

most of our efforts have been devoted to maintaining out-dated- institutions.
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Because of this apparent inability to use science to solve or avoid

critical world problems, confidence in science has been "lost". The

scientist is accused of undertaking scientific work for the sake of

science and because during the past 20 years he has had almost unlimited-

financial support from society.

The new problem

Natural sciences have helped in the understanding of basic phenomena.

Fundamental laws have been discovered, laws whi-ch can be checked and

measured accurately. The critical world-problems apparent today cannot

be measured by the scale of the -exact sciences. The basic laws are not

known, and the complexity of problems touching the behaviour of the

human being are such that common rational thinking seems powerless. We

may define the knowledge we would need as the soft sciences. However,

the stake is so vital that even a very modest trial would be worth while

in order to improve our understanding of the problematique.

The project described by Mr. Ozbekhan is a possible but unusual way of

investigation and the fruits of a serious effort in this connection would

seem to be promising.

The project

A research project such as that presented by Mr. Ozbekhan always appears

vague in its early stages. As director of a research institute I think that

this is not unusual. In most cases an idea or a question is vague at the

origin of the project. It is a very difficult task to reduce it to a project

capable of describing a specific approach which looks possible. Such analyses

are necessary when we have to define how many people, what kind of people,

what time and how much money are involved. A proposal has been worked out

in order to realise what kind of organisation is necessary to do excellent

work. The execution of research projects, especially the type in question,.is

very difficult because of its exploratory nature. It is not a matter of

finding an answer to a very specific question but to an extremely complex
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situation. The essential key is the research staff involved. Deep

personal involvement is necessary as well as the tools for managing

such an undertaking.

As the project is conceived as a single trial over a very limited

period of time, it would not be .advisable to form an institution for

this purpose. It was therefore suggested that an ad hoc groupe of

scientists be set up and incorporated into an existing research

institution. The project will need the help of many consultants in

different parts of the world and the staff for the project has to be

composed very internationally.

The BATTELLE INSTITUTE in Geneva is prepared for such an assistance,

as the permanent staff is composed of many nationalities and is expe-

rienced in many international research'projects.

As the creed of the Battelle-Foundation is based on furthering science

and its application for the benefit of mankind, the present project

falls within its broad interests. It is therefore certain that the Club

of Rome task force appointed to direct and execute the project finds a

very receptive and natural surrounding.

The infrastructure of the Institute, i.e. its library, staff department,

language department, publishing department, telecommunications, etc.,

can be made availdble within the contractual mechanism of the institute.

Battelle should provide for all the necessary help as well as some

specialists and supporting instruments. The Battelle laboratories in

Geneva will be the supporting structure but the responsibility for conduc-

ting the project lies with the Club of Rome. The Institute has today a

staff of about 700 people, of which 100 are already active in the soft

sciences. Some of the scientists are very concerned with the subject of

the project and the mathematical means already available may become an

important tool for the work.

0/S



1 4.

We have proposed that the project be undertaken in Geneva, not only

because of the Battelle facilities, but because of the ideal situation

of Geneva for. international work and the easy link to other international

organisations whose activities are pertinent to the project.

To be a success the Project needs a suitable platform, that is Switzerland

as a neutral unengaged island. There are not many such places in the world.

We are very honored, and I am personally very indebted to our "Conseil

F6deral", in particular to M. Celio who has reacted enthusiastically to

such an undertaking.

In the past, Switzerland has supported many new ideas, like the Red

Cross, for example. I hope that the effort and support given to the

approach of the Club of Rome will open new ways in the tradition of

our small country.

I .



Massachusetts Institute of Technology
Alfred P. Sloan School of Management

50 Memorial Drive
Cambridge, Massachusetts, 02139

July 16, 1970

MEMORANDUM

To: MEMBERS AND ASSOCIATES OF THE CLUB OF ROME

From: JOHN A. SEEGER, ADMINISTRATIVE OFFICER FOR PROFESSOR FORRESTER

On behalf of Professor Forrester and his staff, I should like to welcome
you to Cambridge and MIT. If, during your stay here, you have need for any
kind of assistance, please let us know; we shall do our best to help.

Each morning before the regular Conference session, beginning Monday,
July 20th, an MIT experimental vehicle will call at the Sonesta Hotel to
drive you to the Sloan Building. Anticipating a possible need for two trips
(the bus capacity is 14), we are scheduling its arrival at the hotel for
8:30 in the morning. The bus is painted blue and white, and carries the sign
"MIT Project CARS" (for "Computer Aided Routing System").

This envelope contains maps of the Boston--MIT area, a list of local
restaurants and some reading material which will be pertinent in the coming
two weeks. Professor Forrester or I may be reached at the telephone numbers
listed below:

Office Home
Professor Forrester 864-6900 extension 2654 369-9372

John Seeger 864-6900 extension 6681 547-5238

We look forward to seeing you Monday morning.
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CLUB of ROME

Conference on World Dynamic Systems

Tentative Roster of Participants

July 16, 1970

Dr. Jeremy Bray, M.P.

Prof. Gordon S. Brown

Mr. Alexander N. Christakis

Prof. John F. Collins

Prof. Richard M. Douglas

Prof. Jay W. Forrester

Mr. Raymond Gastil

Dr. William Gouse

House of Commons

Prof. Electrical
Engineering, MIT

Consultant to Club
of Rome Project

Visiting Prof. of
Management, Pol. Sci-
ence & Civil Eng., MIT

Chairman Dept. of
Humanities, MIT

Prof. of Management,
MIT

Batelle Seattle
Research Center

Office of Science
and Technology

London, England

Cambridge,
Massachusetts

Washington, D. C.

Cambridge,
Massachusetts

Cambridge,
Massachusetts

Cambridge,
Massachusetts

Seattle,
Washington

Washington, D. C.

Mr. Robert Greenleaf

Representing Dr.
Saburo Okita

Cambridge,
Massachusetts

Tokyo, Japan

Prof. Dr. Gert
von Kortzfleisch

Prof. of Business
University Mannheim

Mr. Kaya

Mannheim,
Germany
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Mr. Robert Maes President of In-
dependence Foundation

Prof. Dennis Meadows

Mr. Meyer
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Dr. Aurelio Peccei

Prof. Dr. Ing. Eduard Pestel

Mr. Ronald L. Ritchie

Dr. Hugo Thiemann

Prof. David White

Assistant Professor
of Management, MIT

Assistant to
Prof. Dr. Ing. Pestel

Club of Rome,
Project Director

Managing Director,
Italconsult

Rector, Institut fur
Mechanik, Technische
Universitat Hannover

Vice-President,
Imperial Oil Ltd.

Directeur General,
Institut Battelle

Prof. Electrical
Engineering, MIT

Philadelphia,
Pennsylvania

Cambridge,
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Hannover,
Germany

Los Angeles,
California

Rome, Italy

Hannover,
Germany

Toronto,
Ontario

Geneva,
Switzerland

Cambridge,
Massachusetts

Mr. Erich Zahn Assistant to
Prof. Dr. Kortzfleisch

Mannheim,
Germany
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July 16, 1970

MEMORANDUM

To: CLUB OF ROME CONFERENCE PARTICIPANTS

From: DENNIS MEADOWS

Subject: LECTURE NOTES: DYNAMICS OF COMMODITY FLUCTUATIONS

Commodity exports provide ninety percent of all foreign exchange
earnings in the underdeveloped countries. Thus, any fluctuation in the
price of production of commodities such as cocoa, sugar and tin has serious
repercussions that affect not only the producing country's income and sta-
bility but also the income of other countries which depend upon income
from the export of goods to the commodity producing country. Especially
serious economic and political problems occur when these fluctuations
reinforce domestic economic conditions. The price, production and income
of these exports do fluctuate significantly and regularly, suggesting that
something inherent in the system sustains these oscillations beyond the
effect of exogenous and random disturbances.

This research traces the relationships involved in the production,
consumption and pricing of commodities. It reviews the current literature
on the general theory of commodity cycles based upon supply and demand con-
cepts. Empirical relationships between inventories and price and the indi-
vidual biological, physical and pyschological delays inherent in commodity
systems are examined. On the basis of these relationships a general model
for commodity systems has been built. This Dynamic Commodity Cycle Model
generates price-production cycles with phase relationships similar to those
of the long-term cycles found in the commodity systems of the real world.
Likewise, when each parameter in the Dynamic Commodity Cycle Model is pro-
vided with a value characteristic of a specific commodity system, the
resulting model exhibits long-term production cycles dynamically similar
to those observed in the real system. For example, an extensive review of
the empirical literature on the U.S. hog system supports the structure
of the Dynamic Commodity Cycle Model and provides for each of its para-
meters a value characteristic of the hog system. The resulting model ex-
hibits the same four year production cycles as does the real system.

The work demonstrates that a unique model need not be constructed for
each commodity; herein lies future value of the work.' Past programs to
decrease the magnitude of fluctuations by altering production, consumption
or pricing decisions have generally failed for lack of any general theory
relating these three policies to the stability of commodity systems.
These simulation analyses reveal that relationships which are not tradi-
tionally dealt with by formal stabilization programs (such as processor
and distributor inventory decisions) have a marked impact on system stability.



These dynamic relationships will interact with the traditional buffer fund
or buffer stock programs so as to neutralize their effectiveness.

If commodity systems are to be effectively stabilized at the inter-
national level, entirely new approaches must be designed.
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Figure 5: RUN -Consumption Rate Adjust-
ment Delay Increased
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GENERAL DYNAMIC COBWEB MODEL
INITIAL CONDITIONS SET TO EQUILIBRIUM
ItIV.K-INV.J+(DT) (PR.JK-CR.JK)
INV*INVN
INVN-6000
COV.K-INV.K/ECR.K
RCOV.K=COV.K/DCOV
DCOV=10
PRICE. K-TABLE (PTA B, RCOV K 0,1.998,.333)
PTAB.100/94/80/50/20/1100
EP.KaEP.J+(DT)(PRICE.J-EP.J)/EPAD
EP-EPN
EPN-50
EPAD-3
DPCAP.K=TABLE(CATAB,EP.K,0,100,20)
CATAB-0/40/200/1000/1200/1280
CTIR.KL-(DPCAP.K-PCAP.K-CBT.K)/CTID
CTID-3
CBT.K-CBT.J.(DT) (CTIR. JK-CTCR. JK)
CBT-(CTID(DPCAP-PCAP))/(1+CTID)
CTCR.KL-DELAY3(CTIR.JK,CTD)
CTD-4
PCAP.K*PCAP.J+(DT)(CTCR.JK-CDR.JK)
PCAP=PCAPN
PCAPN-600
CDR.KL-PCAP.K/ALPC
ALPCs200
INR.KL-(PCAP.K)(CUF.K)
CUF.KuTABHL(CUTAB,RDAC.K,0,1.998,.333)
RDAC.K-DPCAP.K/PCAP.K
CUTAB-1/1/1/1/1/1/1
PR.KL-DELAY3(INR.JKPD)*PUF.K
PD6
PUF.K-TABLE(PUTAB,RDAC.K,0,1.998,.333)
PUTAB-1/1/1/1/1/i/l
EPCC. -TABLE(COTABPRICE.K,0,100,20)
COTAB-7/6.5/5/1/.3/0
PCCR.K-PCCR.J+(DT)(EPCC.J-PCCR.J)/CRAD
PCCR-PCCRN
PCCRN-3
CRAD-3
CR.KL-(POP)(PCCR.K)(INPUT.K)
POP-200
ECR.K-ECR.J+(DT)(CR.JK-ECR.J)/ECAD
ECRwECRN
ECRN-600
ECAD-lI0
EQUATIONS TO GENERATE EXOGENOUS
INPUT TO CONSUMPTION
INPUT.K-1+STEP.K+NOISE.K
STEP.K-STEP(SH,ST1)+STEP(-SHST2)
SH-0
STi 5*
ST2-10
NOISE.K-NM*SAMPLE(NORMRN(0,NSD),StI,0)
NM0
NSD-.5
SI-8
CONTROL CARDS
DT-.2/LENGTH-60/PRTPER-0/
PLTPER.K-STEP(PPPIT)
PP-3
PIT-0
INV-I(0,12000)/PCAP-C(0,1200)/PRICE-P(0,100)/CR-E(0,1000)
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Delinitions

INV
INVN
CoV
RCOV
DCOV
PRICE
PTAB
EP
EPN
EPAD
DPCAP
CATAB
PCAP
COR
ALPC
PCAPUl
INR
PR
PD
EPPC
FTAB

POP
ECR
ECRIM
ECAD
PCCR
PCCRN
CRAD
CTIR
CTID
CBT
CBTN
CTCR
CTD
CUF
RDAC
CUTAB
PUF
PUTAB
I NPUT

INVENTORY OF COMMODITY
INITIAL VALUE OF INVENTORY
INVENTORY COVERAGE
RELATIVE INVENTORY COVERAGE
DESIRED INVENTORY COVERAGE
COMMOD I TY PR I CE
PRICE TABLE
PRICE E.XPECTED BY PRODUCERS
INITIAL VALUE OF EX. PRICE
EX. PRICE ADJUSTMENT DELAY
DESIRED PRODUCTION CAPACJTY
CAPACITY TABLE
PRODUCTION CAPACITY
CAPACTIY DEPRECIATION RATE
AVERAGE LIFE OF PROD. CAP.
INITIAL VALUE OF PROD. CAP.
COMMODITY INITIATION RATE
COMMODITY PRODUCTION RATE
PRODUCTION DELAY
EQUI. PER CAPITA CONSUMPTION

NUMPT ON TABLE
BNSUI4PT ONl RATE

POPULATION OF CONSUMERS
EXPECTED CONSUMPTION RATE
IN. VALUE OF EX. CON. RATE
EX. CON. RATE ADJ. DELAY
PER CAPITA CONSUMPTION REQS.
INITIAL VALUE OF PCCR
CONSUMPTION REQS. ADJ. DELAY
CAP TRANSFER INITIATION RATE
CAP TRANSFER IN. DELAY
CAPACITY BEING TRANSFERRED
INITIAL VALUE OF CBT
CAP TRANSFER COMPLETION RATE
CAPACITY TRANSFER DELAY
CAPACITY UTILIZATION FACTOR
RATIO OF DES. TO ACT. CAP.
CAPACITY UTILIZATION TABLE
PRODUCTION UTIL. FACTOR
PRODUCTION UTILIZATION TABLE

-EXOGENOUS INPUT TO CONSUMP.

(UNITS)
(UNITS)
(MONTHS)
(DIMENSNLESS)
(MONTHS)
(DOLLARS/UNIT)
(DOLLARS/UNIT)
(DOLLARS/UNIT)
(DOLLARS/UNIT)
(I ONTIS)
( UNI TS/l1ONTH)
UNITS/MONTH)
(UNITS/MONTH)
(UNITS/MO/MO)
( MONTHS)
UN I TS/liONTH)
(UNITS/MONTH)
(UN ITS/MONTH)
(MONTHS)
(UNITS/MAN-MO

UN I TS/MAN-t40)
iUt I TS/MO!TII)
(MEN)
(UNI TS/MONTH)
(UNI TS/MONTH)
(MONTHS)
(UN ITS/MONTH)
(UN I TS/MONTH)
(MONTHS)
(UNITS/MO/MO)
(MONTHS)
(UN I TS/MONTH)
(UN ITS/MONTH)
(UN 1TS/f4O/MO)
(IONTHS)
(DIMENSNLESS)
(D IIMENSNLESS)
(DIMENSNLESS)
(D I MENSNLESS)
(DIMENSNLESS)
(D IMENSNLESS)

046


