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Since the publication of World Dynamicsl in 1971 amd_the.successor

often repeated

set of criticisms has appeared in reviews and commentaries. These reactions

have appeared enough times to justify analysis and comment, —_— Mpo?a._.-

-The fwe—books deaLPwith the dynamicfM{eractions betwee

tion, capital, natyrfal redqurces, pollutiop

this throgh the’medium of computer mode¥d that have been buil
ture._the esSence of assumptions that now seam_to upde
making.

Althotgh the debate involves-ﬁégh World Dynar“es egd Limits to

. sowthy I will vedpoud vnly ifi tetws of world Dynaw#€s pecause some Of
B ™

the comments revolwve\around specific numerical agéumptions that are available
in the eariier book. Wlthough-the correspond g numerical and quantltatlve

assﬁ’%tlons for Limits t® Growth have been 4 {vailable to serlous research

groups's;nee the spring of\ 972, they a/f'not yet a&-thzs writing generally
Eidabts ough.a_commerieal pub. ‘_f; ‘The use of models in decision-
making is old aﬁgfggﬁiliar. Hum Ifthlnklng depends on models. One does

not have a real city or nation/}“‘ is head--only assumptions and simplifi-
ozations that are a model tha—”ﬁe use\ instead of the real system. Nations
and the world are now man-'ed entirely\on the bas10 of models. The mental -
model starts from varlq.s assumptions abbut the parts of a social system,
draws eonclusions abgdut the future dynamicNjmplications of those assumptions,
and goes on to prghose modifications of laws ‘and policies that are presumed
to lead toward 4 better future. The computer mhdeling process on which

the two books are based is, in general, the same as the mental modeling

process. The differences are in degree rather than in kind., The computer

. 1 Forrcster,' Jay W., World Dynamics, Wright-Allen Press, 238 Main
Street, Cambridge, Mass., U.S.A.
) 2. Meadows, Donella H., et al, The Limits to Growth, Universe
Books, 381 Park Avenue South, New York., i
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. model is more clearly stated and its implications can be determined with

more certainty.

the numerical assumptions have been made Uéntitative, the
resulting model (which is a theory of social structure) can be used by a
_computer to expoSe the behav1ora1 consequences of the assumptlons that have
‘been made.
Why has the public and press given'%o/;;ch attention to thege —
g;g.bookp? Some Hé;é tempted~an'éxplanati n in terms of publicity efforts

> t—
by publishers and auther But World Dynamics was released by @ previously

reyiew c0p1es.

press, busine ﬁéfiodicals, and\ i
Cle y, the issues touched on de

he observed rising social, te®hnical, economic, and environ-
gfgiid the world. But the mode come as a shock because
: r mental
the inconsis-

altering

iable in their basic assumptions than in -anticipating future behavior
that follows from the aqsumptions.

The reactions to the bookg seeﬂoto rest on nine viewpoints and
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attltudes that the eritics bring to the subject:

1. Assuming that analysis of social systems is premature
and hopeless because sufficient information is thought
not to exist.




2, Secing the world from a narrow technical and material-
istic viewpoint that excludes important social forces,

Addressing only limited physical and economic issues
while ignoring the successive layers of limits to growth.

A sense of impotence toward altering present world atti-
tudes becomes a sense of futility when the future is
discussed.

Believing capital accumulation is the key to the future

in spite of past inability in most cultures to acquire
capital faster than population has grown and in spite of
the rising forces that will lower the marginal productivity
of capital and reduce the social feasibility of more

rapid accumulation..

Hoping that market forces and prices can solve the problem
of shortages.

'Adopting a narrow disciplinary view so that the degree
of aggregation represented in the models is not inter-
preted correctly.

Failing to perceive correctiy the implications of aggre-
gation, leading to the belief that technical progress
has been omitted from the models.

Overlooking the way computef models are changing the
rules of debate o that 3
are addaressed to the clear and spec1t1c assumptlons that
are given in a computer model, -
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Taking each o these nlne points in turn:

1. Analysis Not Possible, It is commonly stated by academic

critics that analysis of social systems as presented in World Dynamics

should not yet be undertaken because sufficient information is not available,

This is a viewpoint that can be taken only by a critic who is free to stand
‘on the sidelines and wait for certainty. It is a rational viewpoint for
the person who need not act and wishes to avoid professional risk. It is,
however, an alternative that is not available to' the manager’, the political
.ieader, or the citizen, We all live now. We all act in the present. What
we do or avoid today determines the future. We do not have the option of
stopping time while knowledge accumulates, Furthermore, every decision
that is made is made on the basis of models. Those models are now the
mental models in the heads of citizens, members of pérl;ament, heads of
government, and representatives at the United Nations. In general those

mental models arc less comprehensive than the models that can now be assembled




less accessible and less specific. In

internal contradi¢tions between the basic assumptions
and the assumed beheﬁior, The critic, by suggesting that formal models 7
sheould be Cgléyed, implies that he has more confidence in existing mental
models than he could ever have in an explicit formal model. He is saying
that ignorance is bliss. He would réther depend on a mental model whose
assumptions are unknown to him than to depend on the best available model
that explicitly states those assumptions. The computer models are not
beginning to compete with the mental models in plausibility and influence.
The proper rejoinder to an explicit computer model should be to offer
equally explicit alternatives and improvements so that our understanding
of social éystems can rgpidly advance.

2. Materialistic Viewpoint., Criticisms have tended to focus only

on'issues of resources, pollution, and capital. This betrays a narrow
Vﬁaterialistic perspective that misses the social, psychological, and politi-
cal aspects of existence. In fact the conseqﬁences of rapid technological
change, crowding, pressures on resources, and the need for rising resource
tlows rrom the underdeveloped countries Lu sastalil ecouomle prowiir duw Lhe
developed countries,'all are manifesting themselves in economic stress,
genocide, rising crime rates, drug addiction, and an increasing probability
.0f a third world war, The fundamental issue here arises from the way
that pressures created by growth redistribute themselves within the social
system, If some of the pressures are relieved, growth continues until
remaining pressures intensify in other parts of the system. T
We know better how to relieve technological pressures than we do economic
pressures. In turn;'ﬁe are more able to deal with economic issues than
the social and psychological issues. Therefore, the tendency is to release
the technological pressures and allow further growth to shift the stresses
into the economic and social réalms,. Then by partially sucéocdiug in the
counteraction of economic pressures; we make the ultimate transition into
unresoivable social stresses. In other words, the narrow materialistic
view that sees solutions to all problems as achievable through technology

will be responsible for intensifying psychological and social disturbance.




3. Layers of Limits., The narrow economic viewpoint tends to

see world problems only in terms of resources and capital accumulation.
Yet the limits to growih exist in a succession of layers. To the extent
that the immediate layer can be relaxed, another layer is encountered.

This succession is shown in World Dynamics where, with the particular

assumptions that were chosen, the first limit to be encountered arises

from resources. Page 73 of World Dynamics, in referring to the resource-

limited mode that results in a population peak in 50 years, states,

. . . the figure should be interpretdd as one of the possible
modes -of behavior of the world system. One can argue that exhaustion
of natural resources is not the most likely limitation on popu-
lation growth., Actual stocks of natural resources may be greater
than the 250-year supply that has been assumed here. Further-
more, science may make continuing substitutions to delay the
.impact of resource shortage. If natural resources do not limit
population growth and slow the pace of industrialization, however,
some other force in the world system will eventually do so.
. . . natural resources may not be the most critical aspect

of the world environment. (page 74) . . -
The effect of reducing the demand for natural resources is

to take one layer of restraint off the growth forces of the system.
{page 75 < - . ,

« « o |Lhis] teaches a fundamental lesson about complex
systems, When one pressure or difficulty is alleviated, the
result may be merely to substitute a new problem for the old.
Often the new mode is less desirable than the old. In parti-
cular, the industrialized societies have come to depend on
technology to solve their problems. This succeeded when techno-
logy was improving so rapidly that it could exploit geographical
space and natural resources faster than the population could
increase. But now, as technology reaches the point of diminishing
returns and begins to run short on space and resources, the
technological "solution" may more and more be only a substitu-
tion of one crisis for another. (page 80)

The book then continues to examine pollhfion as a- possible iimit,
food shortage as another possible limit, and érowding as the ultimate limit,
Those who depend oniy on technology should ask themselves what the next
set of limits will be. Will pursuit of technical goals simply lead to
more intractable pressures in the economic and social sectors? I believe
tHey will, If so, the arguments presented by the materialistic techhologists
will in time be recognized as having been a route to greater social

disorientation.




4. TFutility in the Face of Past Traditions, In effect, some

critics plead that we need not address ourselves to the future because

we cannot change the present‘traditions, actions, and valﬁe stfuctures of
society. This is the voice of resignation and hopelessness, But it arises
from misjudging the interest of the public in the longer-term future and

the sensitivity of the public to present omens. The public viewpoint has
changed markedly in the last ten years toward an increasing concern for
environmental issues, an acceptancelof the necessity for pbpulation limita-
tion, and a recognition that continued dependence on technology alone to
rsolve problems will produce rapidly intensifying stresses in the nontechnical
aspects of the world system. I believe the critiecs' futility is unjustified
and that citizens, managers, and political leaders are beginning to recog-
nize deteriorating interactions between technical, economic, and social
forces as issues to which they must be increasingly responsive.

5. Confidence in Capital Accumulation. The technical optimism

is based on the assumption that massive accumulation of capital can solve

all problems. It is often suggested that additional capital investment

can inereage ggricultural sutput, Teduce poalution,; aud wse lower grade
resources, This may be true if the capital accumulation can and does occur,
But the optimists do not address themselves t6 the' feasibility of such
massive capital accumulation. -Twé developing trends suggest that it will

be more difficult than in the past, while, even in the past, capital accumu-_
lation ‘has been possible for only that quarter of the world's population that
has lived under particularly fortuitous circumstances, As environmental
limits are pressed more tightly, the cost of generating capital will increase
at the same time that its marginal productivity declines. Furthermore, as
population continuos.to grow while production comés undéf ever heavier
restraint, there will be growing social pressures to divert éurrcnt produc-
tion inte current cdn5umpLiun. As the pressures for medical programs, old
age support, unemployment compensation, and public welfare payments mount,
there may be a declining capability for accumulating capital.

6. Rising Prices. Prices have not been included in the wariables

of the World Dynamicé model., Many have seen the absence of prices as a

major weakness, and have asserted that price mechanisms would curtail use

of scarce goods and thereby prevent their disappearance. But rising prices




imply more effort expended per unit of product. Higher real prices are
equivalent to lower productivity and a falling standard of living. It
matters very little to the consumer whether he cannot procure goods because
they are unavailable or because the price is higher than he can afford.
Prices are intervening variables between supply and demand, they are communi-
catorshof shortage, and they encourage the use of more abundant alternatives
for scarce goods. But prices cannot correct a situation of total demand
exceeding total supply such as will exist if population and industriali-
zation extend beyond the limits of the world emvironment. This viewpoint

* parallels the U, S. National Academy of Science report of August 1972,

Elements of a National Materials Policy, that states, "there was but small

support for the view that market forces alone will solve the foreseeable

problems.,"

7. Misinterpretation of Aggregation. An overview of a social

system discards fine detail so that broad issues can be more clearly
accentuated. When this is done, many of the intermediate relationships in
a chain of causality are omitted, A critic who is accﬁstomed to taking a
narrow subsystem view may observe the omission of the direct elements of
causality without looking beyond them to see if they are adequately repre-
sented by a more fundamental set of causes. This failure to judge from
the appropriate perspective is illustrated by reactions to the demographic

sector of World Dynamics. In the model birth rate depends on the material

standard of living, crowding, pollution, and food per capita, But critics

‘sest alternative effects on birth rate without asking whether or not

‘se might in turn be related to the more fundamental variables already
represented in the model. For example, the suggestion is made that social
attitudes and institutional factors affect birth rate. Indeed they do but are they
not themselves apt to be a reflection of the avéilability of' space, food, .
material soods, and 'a satisfactory environment? Social attitudes and insti-
tutional factors reflect the self—discipliné necessary for man to fit himself
into his environment and to the proximity of his fellow man.

As a more specific example, the suggestion hai been offered that

the decline in French fei%ility in the nineteenth century might be due to
changes in the laws of inheritance, changed social aﬁtitudes, and the easier

life that fewer children make possible. But one should look back into the




cconomic and political situation to see why the laws were changed and the

social attitudes were altefed. And what was it in the changing technology
and rising industrialization that made fewer children advantageous? The .
intervening variables that afe sugecested will often be but mere reflections

of the more fundamental variables dealt with in World Dynamics.

The revived birth rate in the United States after World War II
and the more recent decline are often alleged to be contrary to the assump-
tions in the computer model. But depressed birth rates in the 1930's
followed by a rise in the 50's and a fall in the late 60's coincides closely
‘with the varying economic, psychological, and environmental pressures on
the population.

8. Technical Change, The erroneous belief that the World Dyna-

mics model takes no account of technical change is also traceable to lack
of familiarity with models that take a broad overview. Technical change 1is

represented in the World Dynamics model as part of capital investment. From

page 53 we find, "Capital includes buildings, roads, and factories. It
zlso includes education and the results of scientific research, for the
latrer are not represented elsewhere in the model swvstem and the invest-
ment in them decays at about the same rate as for physical capital."
Physical capital, education, and technicel advaricement have very similar
dynamic behavior. Each, in a real sense, as it interacts with population,
tends to reproduce itself. Physical capital tends to make possible a higher
rate of accumulation of physical captial. Knowledge makes it possible to
accumulate still more knowledge. Technicalraccomplishment becomes the
foundation for further techmical accomplishment. They all, under the proper
circumstances, regenerate themselves in a positive feedback loop as in

World Dynamics. Dynamically speaking, they are very similar and can be
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-regated tosother as a first approximation. If this had not been done

ceai gl o A - e
wilil sSome SuUCCess

. how otheririse would the behavior of the model, which
starts with conditions of the year 1900, by itself generate a trajectory
that passes through the conditions of 19707 Certainly the seventy inter-
véning years have been marked by rapid technological change. The several
effects could have been séparated and represented individually in the model.
Doing so would have made details easier to describe, but would have obscured

the broad overall structure of world interactions.




9. Changed Rules of Debate, In the past men have debated the

merits of mental models and their implications for the future of society.

But the underlying éssumptions have seldom been made specific and the
arguments have been equally vague. But! computer models of social structure
are explicit, the assumptions havé meaning to an ordinary person who has
knowledge of corresponding parts of the real system, and any concept that

can be expressed in explicit verbal language can be put into computer
language. Translation from ordinary language to computer language isjsimpler
than translation between French and_English. The grémmar‘is more specific,
the constructions are ﬁnambiguous. All statements must be made in quanti-
tative form and murky thinking is éuPpressed.

With a clear and precise statement of assumptions, with an explicit
statement about structqfe, and with an unassailable presentation of the
imﬁlications of the assumptions as presented in computer output, a new
rigor in debate is called for. Contrary assumptions about structures and
influences should be p;esented with equal quaﬁtitative clarity. It would
“then be possible to determine'ﬁhether or not the alternative suggestions
would cliange the conelusious, But so far moest critics ave staniioy cutside
of the new arena. They throw stones at explicit assumptions that are offered,
but do not risk opening themselves to similar inspection. Although far
better and more comprehensive models can and will be developed, no one has
yet offered an alternative quantitative model that he suggests is better.

The system dynamics methodology illustrated in World Dynamics

gives a new basis for drawing together the interactions between techuology;"
politiés, economics; law, ethics, and religion.* The interactions between
disqiplines account for social behavior much more than influences from within
any single discipline, - System dynamics, by providing a common framework, :
allows tiie intercomnections to be established. But more than a systems

methodplozy is mecessary. Knowledse sbeut the subsystems is required. Time -

is needed to put each subsystem into a common framework. As the world

becomes more congested, the interactions become more significant. If the

*For a discussion of religion in the context of these issues, sce
my chapter, '"Cliurches at the Transition Between Growth and World Equilibrium"
in Toward Global Equilibrium, Dennis' L, Meadows, editor, Wright-Allen Press,
238 Main Street, Cambridee, "Mass., U.S.A,




changing patterns of social forces are to be understood and controlled,
the multiple interactions within society must be better understood. This,
I suggest, is the great challenge of the next one or two decades., The task

now is not the gathering of more detailed and elemeﬁtary information, That

has been going on for years. We are overwhelmed with bits and pieces of

knowledge.

. Now is the time to develop concrete theories of how this knowl-
edge is linked together. Computer models are such theories. They
show the interrelationships; they allow a derivation of the consequences;
they permit a test of the theories against the.evidence from reality.
Toward achieving this better understanding, I suggest that several major
research institutes need to be established. Each should contain men from
every significant field of endeavor., All should amalgamate existing knowl-
edge into unified theoretical structures (computer models), so that we can
better determine the future implications of what we now know and are now
ﬁoing. Alternative courses of action could then be evaluated to suggest

roads toward the most acceptable of available futures.

Jay W, Forrester, Germeshausen Professor, Massachusetts Institute
of Technology; recipient of the Valdemar Poulsen Gold Medal from the Danish
Academy of Technical Sciences, 1969; Medal of Honor of the Institute of
Electrical and Electronic Engineers, 1972; Benjamin Franklin Fellow of the
Royal Society of Arts, 1972; Award for Outstanding Accomplishment by the
Systems, Man and Cybernetics Society, 1972; author of Industrial Dynamics,
1961, and Urban Dynamics, 1969, (M.I.T. Press, Cambridge, Massachusetts) and
of Principles of Systems, 1968, and World Dynamics, 1971 (both Wright-Allen

Press, Cambridge, Massdchusetts, in England through John Wiley.)
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A number of writers have recently undertaken to assure the public
that no fundamental threat exists from rising population, increasing indus-
trialization, growing pollution, or intensifying social stress., They
suggest that the wisdom of man, the foresight of governments, the pursuit
of technology, and the infallibility of economic processes will success-
fully deal with all threats and lead to a future utopia. They have labeled
as doomsayers those who point out the hazards implicit in present trends
and who suggest that man should alter direction toward a safer and more
satisfactory destination.

One such book is The Doomsday Syndrome by John Maddox. (Mac-

Millan, 1972). Perhaps the book is best described by the first sentence
of its own preface: '"This is not a scholarly work but a complaint." Or
for a brief summary one could turn to the author's countryman, Alan Codding-

ton of Queen Mary College, in his paper, '"The Cheermongers" (Your Environ-

ment, Autumn 1972), where he reviews, before refuting, the essential points
made by those who assure us that no problems of the future need be cause for
present concern and then continues, '"So much for the cheermongering back-
lash. It is to be found in its purest form in the writings of Anthony
Crosland, Professor Wilfred Beckerman, and Jeremy Bray, but traces of it

are currently widespread. More recently, John Maddox has made a bid for

the status of cheer leader, but his work adds nothing of substance to the

existing arguments."

one or more of seven attitudes--a focus on the near-term future, the expecta-
tion that governments can solve all problems, hope built on the absence of
information, unbounded confidence in technology, belief that our economic
processes are omniscient, fallacy in argument, and faith in subopcimizing.

Illustrations of all of these are to be found in The Doomsday Synd: ome.

Regarding a focus on the short-term future, the author a tempts

to establish his time horizon as being as distant as anyone's by saying

1. Copyright () 1972 by Jay W. Forrester.

2. Submitted for the January 1973 issue of the Cambridg: Review,
University of Cambridge.




in the preface, "One of the distressing features of the present deb:cte
about the environment is the way in which it is supposed to be an aigument
between far-sighted people with the interests of humanity at heart and
others who care not tuppence for the future." But as early as page 2

the time horizon begins to shorten. After mentioning the problems of
schooling, housing, Bengal, and Calcutta, the author opts for the present:
"The question which the doomsday prophets pose for those who share their
compassion for society is whether the energies of the human race should be
spent on problems like these which, however difficult, can be solved or
whether they should be spent on the avoidance of more distant trouble."

An important issue to which Maddox does not address himself is the extent

to which solution of the short-run problems will indeed make worse the more

—

distant troubles. And the retreat from the future is complete by page 23

with the worn-out quotation, "In the long run, as Lord Keynes put it, we
shall all be dead." 1In fact, the book does not strike the essential
balance between the present and the future.

The author, when it suits his purpose, expresses great confi-
dence that governmment can rise to any threat that might confront mankind,
But in his franker moments he completely contradicts that viewpoint. On
page 8 is found a statement of confidence, '"The moral, of course, is what
it has always been--that governments have a responsibility to ensure that
in the process of technical innovation, society reaps mostly benefits. . . .
The belief that technology is an all-powerful juggernaut wringing the humanity
out of society seems usually to be a cloak for a pessimistic belief in the
impotence of social institutions.'" But even on the next page the confidence
falters, "Governments have all toco often been unwilling to shoulder their
responsibilities., 1In all advanced societies, governments have waved on
the introduction of jet aircraft without thinking sufficiently about the
extra noise that they would cause. They have encouraged industrial develop-
ment without thinking sufficiently of the unavoidable side effects of
industry, pollution chief among them. They have encouraged urbanisation
without paying enough attention to city planning.'" But even this waning

confidence in governmental institutions has disappeared one-third of the
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way through the book on pages 80 and 81, "The scandal of what has happened
to the whales in the southern seas is miserable proof that folly ¢  make
its way even in a reasonable world., Since the Second World War, i. aas
been clear that the whaling industry was in danger of fishing itself out
of existence. . . . Under pressure from nations anxious to catch as many
whales as possible as soon as possible, the commission has consistently
set annual quotas which are too large. . . . The result is that the total
population of blue whales is probably no more than a few hundreds. . . .
The failure of the International Whaling Commission to do the job for
which it was set up is a poor augury for the international organisations
which are probably already overdue if the stocks of valuable commercial
fish. . . are not to be depleted by over-fishing.'" So, we have the cheer-
mongers depending on governmental processes that they already recognize

as reacting too little and too late.

The confidence generated by lack of information seems unexplainable
except by assuming a head-in-the-sand attitude. On page 6 after mentioning
insecticides and concern about unintended weather transformation, the author
says, ""Fortunately, these chains of events are by no means inescapable. For
one thing, the processes which are supposed to lead to disaster are only
imperfectly understood.'" Is imperfect understanding a foundation on which
to build complacency? Processes that are imperfectly understood can be
more serious than assumed,as well as less serious.

The unbounded confidence in techrnoclogy and in technologists that
some of these authors exhibit is frightening to behold. 1 speak on this
as one whose career from 1939 to 1956 was immersed in the technological
frontier. During that period of time it was easy to see the transition
of technology from the tradition of the independent, professional engineer
to the corporate employee, subservient to financial and political pressures.
The trends since have continued to impersonalize the technological process
and make it less responsible. On page 95 and speaking of the thre-t from
radioactive wastes, Maddox says, "Worse still, the suggestion that pollution
of this kind 'is likely to occur' is strictly a subjective judgmen . It

implies that something will go wrong with the plans which nuclear engineers

are making for the disposal of the waste products from nuclear plants. . . .

the message [referring to concern expressed by employees of the Atomic




~dm

Energy Commission]. . . is nothing but the message that they lack confi-
dence in the engineers., Is that a sufficient basis for a crusade against
nuclear electricity?" Time after time in military equipment, consumer
products, and pharmaceutical drugs we have seen defects and disasteors
because short-range economic pressures and expediencies for early delivery
have overridden attempts to achieve good technical design. Today most
engineers work within administrative bureaucracies. These bureaucracies,
whether corporate or governmental, unavoidably develop a short-term viewpoint
that serves the current interests of the people who populate the organiza-
tional structures. An engineer who places professional integrity above
the pressures to which the organization is responding will be labeled an
obstructionist and will be shunted aside, fired, or pressured into leaving.
His place will be taken by someone whose strength of character is less

or someone whose skill and judgment are not sufficiently well-developed to
reveal te him the long-term hazards of his actions. Herein lies the danger.
There is indeed a "sufficient basis' that people should '"lack confidence

in the engineers." Naive belief that all humans are motivated by the long-
term good of society, that they know how to implement that motivation, and

that they exist in organizations that will permit the implementation are

dangerous self-deceptions indeed.

The typical cheermonger's belief in omniscient economic processes
ig illustrated by a quotation from page 83, "It follows that at some stage
in the next century, the petroleum business as it is at present known will
come to an end. Either the price of petroleum products such as fuel oil
and motor spirit will increase until it is cheaper to use alternatives,
or the reserves will be exhausted. On the long view, however, this prospect
should not keep people awake at night. For one thing, the petroleum reserves
will not come to an abrupt end--instead, there will be a steady increase of
price so that econcmically less valuable uses are eliminated first." This
argument has been extended by various writers to include resources, land
and food. Rising real prices mean less average output per man-hcur of
effort and also a falling standard of living, Why so many economists
equate rising prices to permanently adequate supplies is hard to understand.
Does the man without heat care whether he cannot get fuel because rhere is

a shortage or because he cannot afford to buy the scarce remaining supply?
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Another characteristic of much cheermonger writing is the kind
of argument that seems persuasive on quick reading, but when more c=refully
analyzed is found empty. From page 95 we find a typical example. l.addox
quotes employees of the Atomic Energy Commission as saying: '''Radioactivity
represents one of the worst, maybe the worst of all poisons. . . . One
year of operation of a single, large nuclear power plant, generates as

much of long-persisting radioactive poisons as one thousand Hiroshima-

type atomic bombs. . . . Once any of these radioactive poisons are released
to the environment, and this we believe is likely to occur, the pollution
of our environment is irreversible. They will be with us for centuries.'"
Maddox then goes on to say, "The premise in this argument is true. . . .
All existing nuclear power stations produce large quantities of radio-
active isotopes. But there is no certainty in the argument that any of
these 'radioactive poisons' would permanently pollute the environment,

for some of them are exceedingly short-lived." By pointing out correctly
that some of the isotopes are short-lived, he tries to establish that there
is no threat. He does not address himself to the very long-life isotopes
that also exist to which the Atomic Energy Commission authors were addressing
themselves and which represent the serious threat.

Those who suggest cheerfully that there need be no concern for
the future usually place their confidence in the process of suboptimizing.
Suboptimizing means working separately toward each subgoal of a society in
the belief that the overall metagoal of the social system will thereby be

approached most rapidly. The metagoal is the overall measure that is

usually called "quality of life." A society has many subgoals. Each must

be partially met, but none will be fully met. The management of a society
consists of reallocating resources in accordance with the changing extent
to which the various subgoals have been satisfied. Some subgoals can be

enhanced voh technology. Other subgoals are approached by economic

action, Still other subgoals-involve altering social and psychological

variables.
There is a strong and natural tendency to work toward those

subgoals that respond to methods we best understand. An industrial society
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is most able to handle technology. But the industrial society is less

able to control economic processes. And it is quite ineffective w na faced
with the need for fundamental psychological and social change. Theiefore,
because the means are better understood, technical goals get first attention,
both in practice and in the hearts of the cheermongers. With less confidence,
secondary effort is devoted to the more uncertain and elusive economic
subgoals, Last and least, faltering and ineffective stabs are made at
closing the gap between present conditions and our social and psychological
subgoals,

The tendency is almost overwhelming to suboptimize by focusing on
the technical subgoals with secondary attention to the economic subgoals,
This is a satisfactory procedure as long as efforts to meet one subgeal
have no detrimental effect on the likelihood of meeting other subgoals., If
there is such independence, an increase in any subgoal makes some contri-
bution to enhancing the metagoal., Suboptimizing is satisfactory under
circumstances when subgoals are independent of one another. Suboptimizing
is not satisfactory after the social system has reached a condition when
efforts to enhance ome subgoal actively reduce the chances of meeting other
subgoals. I believe that our social systems set here a trap for tnose
who judge the future entirely by the past.

During the exponential growth phase in any social system, there
seems to be a high independence between the various subgoals. During growth
suboptimizing is satisfactory. A particular subgoal can be pursued without
immediate and substantial reduction in the likelihood of meeting other
subgoals. During growth the trade-offs exist between points in time. At
any particular moment during growth the welfare at that mement can be
increased in exchange for a cost that must be paid in the future. The
time for paying that cost occurs at the transition region between growth
and equilibrium when the growth curve reaches its point of inflection and

changes from upward curvature and begins to curve toward equilibrium.

This point occurs well before the actual equilibrium condition its 1f. Toda
we are in that transition region. We are beginning to pay the prices for
advantages that mankind reaped in the past. For example, the past increases
in food per capita, in public health measures, and in medicine improved

health, well-being and security in the past. But those very advan:ages

produced population growth with the accompanying social stresses aand threats

of today.
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But in the transition region and beyond in equilibrium, the nature

of subgozl trade-offs changes. No longer can we improve our present lot at

the expense of some future time. The trade-offs begin to occur very quickly \

between the various subgoals in the present. In other words, the condition
develops in which improving one aspect of societv reduces another. To
be more specific, if we continue to work toward technical subgoals and
relieve those pressures that technology can relieve, we thereby encourage
a continuation of the growth process as recommended by men like Maddox.
But the continued growth will make the economic and the social diffi-
culties progressively greater. The very argument to which Maddox addresses
himself between the environmentalists and the growthmen is a manifestation
of this increasing interrelatedness in subgoals., The economic subgoals
are now encroaching upon the environmental subgoals. But even worse,
as these two sets of goal seekers attempt to suboptimize, the pressures
are thrown into the third realm of social and psychological strain.

We are now at the point where population and industrial growth
will be under ever-rising pressures until the growth process is gradually

brought to rest. The most fundamental and important question is how we would

like to have the pressures distributed., Should there be balanced pressures
with some from the technological side, some from economic aspects of
existence, some from the social side, and some from self-discipline and
self-restraint? Or do we want the pressures concentrated in a single

area? 1If we take off the pressures where we can, and thereby encourage
growth te continue, we are active agents in ultimately increasing the
stresses in other areas, Men with the Maddox message are essentially
saying: remove the economic restraints, allow growth to continue, and
maintain the past trends until economic and social pressures sufficiently
threaten the society that the latter alone stop growth. We see these social
pressures increasing already, T believe we can clearly trace back to
growth and to the changes that accompany technology such social disorienta-
tions as drug addiction, rising crime rate, aircraft hijackings, g-=nocide,
and the increasing threat of a third world war., A third world war is apt
to involve conflict over spaée, natural resources, pollution dissi~ation

rights, and political freedom. All of these pressures are intensified by

rising population and by rising industrialization. So the proper cuestion
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does not regard the technical feasibility of obtaining more energy and using

lower grade resources. Instead the question could better be phras : assuming

that we can solve the technical problems, do we want to? More and ore the
technical solutions will increase the economic and social pressures. The
cheermonger plea is an echo from the past when suboptimizing was a satis-
factory way to run society. But the fundamental nature of world society

is changing. The siren song of growth now begins to lead down the primrose
path to rising social disorder. The interlocked nature of the subgoals

is such that the social pressures will rise as high as necessary to counter-
act the growth-encouraging actions for which the cheermongers plead. Here
lie issues much too serious to be dealt with by a treatment that "is

not a scholarly work but a complaint."

Instead, I feel the clash of viewpoints represented by the
differing attitudes of the growth economists, the materialistic cheer-
mongers, the environmentalists, and those that speak for the balanced
metagoals of society should receive the most serious attention. The
issues are too difficult and deep to be disposed of by quickly written
books and brief rejoinders., Nothing less than the best minds of the world
working together over the next one or two decades can deliver the insights
necessary for modifying our technology, political institutions, legal
structures, social organizations, and religions* to make them mutually

consistent in support of a decent future,.

*For a discussion of religions in the context of these issues,
see my chapter 'Churches at the Transition Between Growth and World
Equilibrium" in Toward Global Equilibrium, Dennis L. Meadows, editor,
Wright-Allen Press, Cambridge, Massachusetts, U.S.A., in England from
John Wiley.
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But the models come as a shock because

they "suggest a future that is quite different from the one our mental

models have been anticipating., The critics seem td_aSsume that the inconsis-
tency between assumptions apd expectations will be resolved by altering
the basic assumptions until models behave in accordance with our fﬁture
hbpes. But it has been repeatedly shown that mental models are more
reliable in their basic assumptions than in anticipating future behavior
that follows from the assumptions.

The reactions to the books seem to rest on nine viewpoints and
attitudes that the critics bring to the subject:

1. Assuming that analysis of social systems is premature
and hopeless because sufficient information is thought
not to exist.




Seeing the world from a narrow technical and material-
istic viewpoint that excludes important social forces.

AddreSsing only limited physical and economic issues
while ignoring the successive layers of limits to growth,

A sense of impotence toward altering present world atti-
tudes becomes a sense of futility when the future is
discussed. i

Believing capital accumulation is the key to the future

in spite of past inability in most cultures to acquire
capital faster than population has grown and in spite of
the rising forces that will lower the marginal productivity
of capital and reduce the social feasibility of more

rapid accumulation.

Hoping that market forces and prices can solve the problem
of shortages,

Adopting a narrow disciplinary view so that the degree
of aggregation represented in the models is not inter-
preted correctly,

Failing to perceive correcfly the implications: of aggre-
gation, leading to the belief that technical progress
has been omitted from the models.

Overlooking the way computer models are changing the
rules of debate so that vague and nmonsapecific comnlaints
are addressed to the clear and specific assumptions that
are given in a computer model,

Téking each of these nine points in turn:

1. Analysis Not Possible. It is commonly stated by academic

critics that analysis of social systems as presented in World Dynamics
sﬁould not yet be undertaken because sufficient information is not available.
This is a viewpoint that can be taken only by-a critic who is free to stand:
on the sidelines and wait for certainty. It is a-fatioﬁal viewpoint for
the.person who need not act and wishes to avoid professional risk. It il
however; an alternative that is not available to the manager, the political
leader, or the citizen., We all live now. We all act iﬁ the present. What
we do or avoid today determines the future. We do not have the option of
stopping time while knowledge accumulates., Furthermore, every decision
that is made is made on the basis of models. Those models are now the
mental models in thé heads of citizens, members of parliament, heads of

government, and representatives at the United Nations. In general those

mental models are less comprehensive than the models that can now be assembled




and put on a computer, They are also less accessible and less specific. In

addition they contain internal contradictions between the basic assumptions
and the assumed behavior. The critic, by suggesting that formal models
should be deléyed, impliés that he has more confidence in existing mental
models than he could ever have in an explicit formal model, He is saying
that ignorance is bliss, He would rather depend on a mental model whose
assumptions are unknown to him than to depend on the best available model
that explicitly states those assumptions. The computer models are now
beginning to compete with the mental models in plausibility and influence.
The proper rejoinder to an explicit computer model should be to offer
equally explicit alternatives and improvements so that our understanding
of social systems can rapidly advance.

2. Materialistic Viewpoint. Criticisms have tended to focus only

on issues of resources; pollution, and capital. This betrays a narrow
materialistic perspective that misses the sociél, psychological, and politi-
cal aspects of existence. 1In fact the consequences of rapid technological
‘change, crowding, pres§ures on resources, and the need for rising resource
flows from the nnﬁprdnvnTnped comntries to sustain economic growth in the
developed countries, all are manifesting themselves in economic stress,
genocide, rising crime rates, drug addiction, and an increasing probability
of a third world war. The fundamental issue here arises from the way

that pfessures created by growth redistribute themselves within the social
system., If some of the pressures are relieved, growth continues until
remaining pressures intensify in other parts-of the system, - — l —
We know better how to relieve technological pressures than we do econonmic
ﬁregsures. In turn, we are more able to deal with‘econémic issues than

the social and psychelogical issues. Thereforé,‘the tendency is to release
the technological pressures and allow further growth to shift the stresses
into the economic and social realms. Then by bértiallyrsuccéeding in the
counteraction of economic pressures, we make the ultimate transition into
unresolvable social stresses. In other words, the narrow materialistic
view that sees solutions to all problems as achievable through technology

will be responsible for intensifying 'psychological and social disturbance,




3. Layers of Limits. The narrow economic viewpoint tends to

see world problems only in terms of resources and capital accumulation.
Yet the limits to growth exist in a succession of layers. To the extent’
that the immediate layer can be relaxed, another layer is encountered.

This succession is shown in World Dynamics where, with the particular

assumptions that were chosen, the first limit to be encountered arises

from resources. Page 73 of World Dynamics, in referring to the resource-

limited mode that results in a population peak in 50 years, states,

. « » the figure should be interpreted as one of the possible
modes of behavior of the world system. One can argue that exhaustion
of- natural resources is not the most likely limitation on popu-
lation growth. Actual stocks of natural resources may be greater
than the 250-year supply that has been assumed here. Further-
more, science may make continuing substitutions to delay the
impact of resource shortage. If natural resources do not limit
population growth and slow the pace of industrialization, however,
some other force in the world system will eventually do so,
« « . natural resources may not be the most critical aspect
of the world environment. (page 74) .
The effect of reducing the demand for natural resources is
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(page 73) . . . 2

. « o [this] teaches a fundamental lesson about complex
systems, When one pressure or difficulty is alleviated, the
result may be merely to substitute a new problem for the old.
Often the new mode is less desirable than the old. In parti-
cular, the industrialized societies have come to depend on
technology to solve their problems. This succeeded when techno-
logy was improving so rapidly that it could exploit geographical
space and natural resources faster than the population could
increase., But now, as technology reaches the point of diminishing
returns and begins to run short on space and resources, the
technological "solution'' may more and more be .only a substitu-
tion of one crisis for another. (page 80)

The.book then continues to examine pollution as a possible limit,
food shortage as another possible limit, and crowding as the ultimate limit.
Those who depend only on technology .should ask themselves what the next .
set of limits will be. Will pursuit of technical goals simply lead to
moere ‘intractable pressures in the economic and social sectors? I believe
they will., If so, the arguments presented by the materialistic technologists
will in time be recognized as héving been a route to greater social

disorientation.




4, Futility in the Face of Past Traditions. In effect, some

critics plead that we need not address ourselves to the future because

we cannot change the present_traditiéns, actions, and valué structures of
society. This is the voiée of resignation and hopelessness. But it arises
from misjudging the interest of the public in the longer-term future and

the sensitivity of the public to present omens. The public viewpoint has
changed markedly in the last ten years toward an increasing concern for
environmental issues, an acceptance of the necessity for pbpulation limita-
tion, and a recbgnition that continued dependence on technology alone to
‘solve problems will produce rapidly intensifying stresses in the nontechnical
aspects of the world system. I believe the critics' futility is unjustified
and that citizens, managers, and political leaders are beginning to recog-
nize deteriorating interactionscizzgzgﬁ technical, economic, and social
forces as issues to which they must be increasingly responsive.

5. Confidence in Capital Accumulation, The technical optimism

is based on the assumption that massive accumulation of capital can solve

all problems. It is often suggested that additional capital investment

can iuCLease apiiculiural vaipui, reduce pollucion, and use lower grade
resources, This may be true if the capital accumulation can and does occur. .
But the optimists do not address themselves to the'feasibility of such
massive capital accumulation. wa developing trends suggest that it will

be more difficult than in the past, while, even in the past, capital accumu-
lation has been possible for only that quarter of the world's population that
has lived under particularly fortuitous circumstances. As environmental
limits are pressed more tightly, the cbst of generating capital will increase

at the same time that its marginal productivity declines, Furthermore, as

population continues to grow while production comes under ever heavier

festraint, there will be growing social pressures to divert current produc-
tion into current consumption., As the pressures for medical programs, old

age support, unemployment compensation, and public welfare payments mount,

there may be a declining capability for accumulating capital.r

6. Rising Prices, Prices have not been included in the variables

of the World Dynamics model. Many have seen the absence of prices as a

major weakness, and have asserted that price mechanisms would curtail use

of scarce goods and thereby prevent their disappearance, But rising prices




imply more effort expended per unit of product., ' Higher real prices are
equivalent to lower productivity and a falling standard of living. It
matters very little to the consumer Whéther he cannot procure goods because
they are unavailable or because the price is higher than he can afford,
Prices are intervening variables between supply and demand, they are communi-
cators of shortage, and they encourage the use of more abundant alternatives
for scarce goods., But prices cannot correct a situation of total demand
exceeding total supply such as will exist if population and industriali-
zation extend beyond the limits of the world environment. This viewpoint
parallels the U. S. National Academy of Science report of August 1972,

Elements of a National Materials Policy, that states, "there was but small

support far the view that market forces alone will solve the foreseeable
problems."

7. Misinterpretation of Aggregation. An overview of a social

- system discards fine detail so that broad issues can be more clearly
accentuated. When this is done, many of the intermediate relationships in
.a chain of causality are omitted, A ecritic who is accustomed to taking a
way observe the vaission of the direct elements of
causality without 1obking beyond them to see if they are adequateiy repre-
sented by a more fundamental set of causes. This failure to judge from
the appropriate perspective is illustrated by reactions to the demographic

sector’ of World Dynamics. In the mode%,birth rate depends on the material

standard of living, crowding, pollutioﬁ, and food per capita, But critics

suggest alternative effects on birth rate without asking whether or not

these might in turn be related to the more fundamental variables already

represented in the model., For example, the suggestion is made that social b
attftudes and institutional factors affect birth rafe. Indeed they do but are they
- not themselves apt to be a reflection of the availability of space, food,

material goods, and a satisfactory environment? Social attitudes and insti-
tutional factoré reflect the self-discipline necessary for man to fit himself
into his enviromment and to the proximity of his fellow man.

As a more specific example, the suggestion has been offered that
the decline in French fexrdlity infthe nineteentﬁ century might be due to

changes in the laws of inheritance, changed social attitudes, and the easier

life that fewer children make possible. . But one should look back into the




economic and political situation to sce why the laws were changed and the
social attitudes wefe altered. And what was it in the changing technology
and rising industrialization that made fewer children advantageous? The .
intervening vériables that are suggested will often be but mere reflections

of the more fundamental variables dealt with in World Dynamics.

The revived birth rate in the United States after World War II
and the more recent decline are often alleged to be contrary to the assump-
tions in the computer model., But depressed birth rates in the 1230's
followed by a rise in the 50's and a fall in the late 60's coincides closely
with the varying econcmic, psychological, and environmental pressures on
the population. .

8. Technical Change. The erroneous belief that the World Dyna-

mics model takes no account of technical change is also traceable to lack
of familiarity with models that take a broad overview. Technical change is

represented in the World Dynamics model as part of capital investment. From

page 53 we find, "Capital includes buildings, roads, and factories, It

. *also includes education and the results of scientific research, for the
latter are not represented elsewhere in the model system and the invest-
ment in them decays at about the same rate as for physical capital."

Physical capital, education, and technical advancement have very similar
dynamic behavior. Each, in a real sense, as it interacts with population,
tends to reproduce itself, Physical capital tends to make possible a higher
rate of accumulation of physical captial. Knowledge makes it possiﬁle to
accumulate still more knowledge. Technical accomplishment .becomes the —._.

foundation for further technical accomplishment, They all, under the proper

circumstances, regenerate themselves in a positive feedback loop as in

World Dynamics. Dynamically speaking, they are very similar and can be

" aggregated together as a first approximation. If this had not been done
with some success, how otherwise would the behavior of the model, which
starts with conditions of the year 1900, by itself generate a trajectory
that passes through the conditions of 19707 Certainly the seventy inter-
vening years have been marked by rapid technological change. The several
effects could have Been separated and represented individually in the model.
Doing so would have made details easier to describe, but would have obscured

the broad overall structure of world interactions.




9. Changed Rules of Debate, In the past men have debated the

merits of mental models and their implications for the future of society.
But the underlying assumptions have seldom been made Specffié and the
arguments have been equally vague. But computer models of social structure
are explicit, the assumptions have meaning to an ordinary person who has
knowledge of corfesponding parts of the real system, and any concept that

can be expressed in explicit verbal language éan be put into computer
language. Translation from ordinary language to computer language is simpler
than translation between French and English. The grammar is more specific,
the constructions are unambiguous. All statements must be made in quanti-
tativé form and murky thinking is suppressed.

With a clear and precise statement of assumptions, with an explicit
statement about structure, and with an unassailable presentation of the:
implications of the assumptions as presented in computer output, a new
rigor-in debate is called for. Contrary assumptions about structures and
rinfluences should be presented with equal quantitative clarity. It would
then be possible to determine whether or not the alternative suggestions
woitld change the coneclnsions, But so fer most iah: 7ie wding outside
of the new arena. They throw stones at explicit assumptions that arc offered,
but do not risk opening themselves to similar inspection.. Although far
better and more comprehensive models can and will be developed, no one hLas
yet offered an alternative quantitative model that he suggests is better,

The system dynamics methodology illustrated in World Dynamics

CGrv—proy
gives-a -new basis for drawing together the interactions befwee%ftechnology,

polifics, economics, law, ethiecs, and_religién.* The interactions between
disciplines account for social behavior much more than influences from within
any single discipline. ‘System dynamics, by providing a common framework,
allows the interconmections to be established. But more than a systems
methodology is necessary, Knowledge about the Subsystems is required, Time
is needed to put each subsystem into a common framework. As the world

becomes more congested, the interactions become more significant. If the

“For a discussion of religion in the context of these issues, see
my chapter, "Churches at the Transition Between Growth and World Equilibrium'
in Toward Global Equilibrium, Dennis L, Meadows, editor, Wright-Allen Press,
238 Main Street, Cambridge, Mass., U.S.A,




changing patterns of social forces are to be undérstood and controlled,

the multiple_interaétions within society must be better understood. This,

I suggest, is the great challenge of the next one or two decades, The task
now is not the gathering of more detailed and elementary information. That
has been going on for years. We dre overwhelmed with bits and pieces of
knowledge;

Now is the time to develop concrete theories of how this knowl-
edge is linked together, Computer models are such theories, They
show the interrelationships; they allow a derivation of the consequences;
they permit a test of the theories against the evidence from reality.
Toward achieving this better understanding, I suggest that several major
research institutes need to be established. Each should contain men from
every significant field of endeavor. All should amalgamate existing knowl-
edge into unified theoretical structures (computer models), so that we can
better determine the future implications of what we now know and are now
doing. Alternative courses of action could then be evaluated to suggest

roads toward the most acceptable of available futures.,

Jay W, Forrester, Germeshausen Professor, Massachusetts Institute
of Technology; recipient of the Valdemar Poulsen Gold Medal from the Danish
Academy of Technical Sciences, 19269; Medal of Honor of the Institute of
Electrical and Electronic Engineers, 1972; Benjamin Franklin Fellow of the
Royal Society of Arts, 1972; Award for Outstanding Accomplishment by the —
Systems, Man and Cybernetics Society, 1972; author of Industrial Dynamics,
1961, and Urban Dynamics, 1969, (M.I.T. Press, Cambridge, Massachusetts) and
of Principles of Systems, 1968, and World Dynamiecs, -1971 (both Wright-Allen
Press, Cambridge, Massachusetts, in England through John Wiley.) ’




Massachusetts Institute of Technology
Alfred P. Sloan School of Management
50 Memorial Drive
Cambridge, Massachusetts, 02139

Jay W. Forrester
Germeshausen Professor

ON CRITICISMS OF WORLD DYNAMICS

By

Jay W. Forrester

Since the publication of World Dlnamicsl in 1971 and the successor

book Limits to Growth2 by Meadows and others in 1972, an often repeated set

of criticisms has appeared in reviews and commentaries. Some of these
reactions have been frequent enough to justify analysis and comment.

The two books deal with the dynamic interactions between population,
capital, natural resources, pollution, and agriculture at the global level.
They use the medium of computer models to capture the essence of assumptions
that now seem to underlie political decision-making.

Although the debate involves both World Dynamics and Limits to

Growth, I will respond only in terms of World Dynamics because some of the

comments revolve around specific numerical assumptions that are available
in the earlier book.
The use of models in decision-making is old and familiar. Human

thinking depends on models. One does not have a real city or nation in

1. Forrester, Jay W., World Dynamics, Wright-Allen Press, 238 Main
Street, Cambridge, Mass., U.S.A.

2. Meadows, Donella H., Dennis L. Meadows, Jérgen Randers, and
William W. Behrens III, The Limits to Growth, Universe Books, 381 Park Avenue
South, New York.

Copyright (:) 1972 by Jay W. Forrester
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his head—only assumptions and simplifications that comprise a model of the
real system. People have always managed entirely on the basis of models.
The mental modeling process starts from various assumptions about the parts
of a social system, draws conclusions about the future dynamic implications
of those assumptions, and goes on to propose modifications of laws and
policies that are presumed to lead toward a better future. The computer
modeling process on which the two books are based is similar to the mental
modeling process. The differences are in degree rather than kind. The
computer model is more clearly stated than are the mental models used in
political debate. Also, the implications of a computer model can be
determined with more certainty than for a mental model.

The computer model presents its underlying assumptions concretely
and explicitly so that they are accessible for criticism and revision. The
assumptions are interrelated in clearly stated ways that divulge the
assumed structure for others to analyze. Because the structure has been
made unambiguous and the numerical assumptions have been made quantitative,
the resulting model (which is a theory of social structure) can be used by
a computer to expose the behavioral consequences of the assumptions that

have been made.

World Dynamics and Limits to Growth have received a remarkable

amount of attention from the public and press. The World Dynamics computer

model has been rewritten into several computer languages; it is operating
on the computers of many corporations and universities. The books have
been translated and published into a dozen or more languages.

Before publication, World Dynamics seemed assured of no public

notice—the book has 35 pages of equations in the main text, much of the




remainder is computer graphical printout, it was distributed by an unknown
publisher, and it deals not with the present but with issues of several
decades hence. In spite of these handicaps, within three weeks of publica-

tion World Dynamics had been reviewed in the London Observer, June 27, 1971,

and that review was reprinted in newspapers around the world. Discussion
of the book appeared in diverse publications from Fortune September 1971,

to the anti-establishment student press, from The Wall Street Journal

September 28, 1971, to the academic journals, and from the Christian Science

Monitor August 7, 1971, to Playboy (July 1971). Debate about the book and
its conclusions have extended into governments, the issues became a part of
one European election campaign, and the controversy has reached the forums
of the United Natioms.

Why have the public and press given so much attention to these two
books? Some have attempted to explain in terms of publicity by publishers

and authors. But World Dynamics, which triggered the initial response, was

released with nothing more than the mailing of literature and review copies.
To the contrary, the widespread reaction seems to arise from two motivations:
1. The public has a strong, latent, but suppressed
concern for the long-term future.
People are uneasy about the internal contradictions
within their mental images and seek clarification
and resolution of discrepancy.

The first explanation of interest in World Dynamics lies in the

way it connects present conditions with future consequences. In the

modern industrial world with its rapid change, time horizons have shortened

to a few years. No longer is a society able to dedicate itself to building
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a cathedral over a span of 300 years. No longer is one able to visualize
what his grandchildren will be doing and how they will be living. The
future has shrunk and the relevance of history seems to have dissolved.
The focus is on the present. But such a lack of a past and a future is
alien to man's tradition. A latent interest in the distant future, even
several generations hence, survives. The future reemerges as an issue of
significance and debate when a vehicle is offered that allows present
knowledge and observations to be projected to their future implications.

The second explanation for the interest in World Dynamics lies

in the way the system dynamics methodology resolves the internal contra-
dictions existing in our mental models. Figure 1 represents one way of
subdividing the content of our mental images. We have a vast store of
local observations about the behavior, pressures, reactions, reasons for
decisions, traditions, prejudices, relationships, sources of information,
and fears that link the parts of the social system together and that
describe how the various parts function. We also have a set of expecta-
tions that describe the overall behavior that we believe should follow
from the local observations. As a third part of our mental-image
structure, we observe the actual behavior of the socio-economic system of

which we are a part. Within this image structure are often serious

discrepancies between expectations and actual behavior. To maintain the

validity of the tie between local observations and expectations, we must
explain the discrepancy between expectations and actual social system
behavior. The explanation conventionally runs along the lines of
insufficient information, missing theory, capricious behavior and random

events, or external influences. But the explanations themselves are
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without clear logic and evident mechanisms and we are left uneasy. A system
dynamics model that can relate local observation to behavior often resolves
the discrepancy in a different way. Usually it is shown that the local
observations are fully sufficient to explain and to generate the actual social
system behavior. The discrepancy lies not between expectations and actual
behavior, but instead, between the local observations and expectations. We

no longer need to deny half of the world we see; the local observations and
the observations about actual behavior become consistent with one another.

With respect to the growth issues in World Dynamics, the expecta-

tions that growth would solve all problems were being disappointed. The
actual system behavior has shown rising stresses contrary to hopes and
promises. By relating structure to consequences, a unity of perception is
regained in a world that was becoming increasingly contradictory.

But reactions to the book are far from universally favorable. 1In
fact, they are quite bipolar with strong support and strong opposition.
Unfavorable opinions are to be found predominately in the academic press,
especially from those trained in economics. The reasons are several.
First, the system dynamics methodology is unfamiliar and therefore suspect.
Second, the building of models from direct observation and from the content

of the current mental models, rather than from time-series data, seems to

them treacherous, even though the assumptions are, if anything, less heroic

than those involved in deciding what data to use, what statistical methods
to employ, what structure to select for inserting the data, and what
simplifications to use in fitting a nonlinear world into a linear mold.
Third, many of the critical belong to the group that has led the way in
establishing the expectations of Figure 1 that now begin to appear incon-

sistent with the realities. In fact, those who have promoted unrestrained
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growth may find themselves overtaken by the fate that befell the atomic
physicist after World War II—a sudden reversal of role as seen by the
public from the benefactor of mankind to the perpetrator of a Pandora's
Box of evils that can no longer be contained.

The critics often seem to assume that the inconsistency between

the implications of World Dynamics and their prior belief in growth would

be resolved by finding errors or omissions in the model structure.

Although the existing models have never been advanced as more than temporary,
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Since the publication of World Dynamics inA1971 and the successor

7 ( = |2) manch,
book Limits to Growth'A inA1972, an often repeated set

of criticisms has appeared in reviews and commentaries. Some of these

reactions have been frequent enough to justify analysis and comment.

The two hooks deal with the dynamic interactions between population,
capital, natural resources, pollution, and agriculture at the global level.
They use the medium of computer models to capture the essence of assumptions
that now seem to underlie political decision-making.

Although the debate involves both World Dynamics and Limits to

Growth, I will respond only in terms of World Dynamics because some of the

comments revolve around specific numerical assumptions that are available
in the earlier book.
The use of models in decision-making is old and familisr. Human

thinking depends on models. One does not have a real city or naticm in

1. Forrester, Jay W., World Dynamics, Wright-Allen Press, 238 Main
Street, Cambridge, Mass., U.S.A.
e 2. Meadows, Donella H., Dennis L. Meadows, Jérgen Randers, and
William W. Behrens III, The Limits to Growth, Universe Books, 381 Park Avenue
South, New York.

Copyright (:) 1972 by Jay W. Forrester
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his head—only assumptions and simplifications that comprise a model of the

real system. People have always managed entirvely on the basis of models.

The mental modeling process starts from various assumptions about the parts

of a social system, draws conclusions about the future dynamic implications
of those assumptions, and goes on to propose modifications of laws and
policies that are presumed to lead toward a better future. The computer
modeling process on which the two books are based is similar to the mental
modeling process. The differences are in degree rather than kind. The
computer model is more clearly stated than are the mental models used in
political debate. Also, the implications of a computer model can be
determined with more certainty than for a mental model.

The computer model presents its underlying assumptions concretely
and explicitly so that they are accessible for criticism and revision. The
assumptions are interrelated in clearly stated ways that divulge the
assumed structure for others to analyze. Because the structure has been
made unambiguous and the numerical assumptions have been made quantitative,
the resulting model (which is a theory of social structure) can be used by
a computer to expose the behavioral consequences of the assumptions that
have been made.

World Dynamics and Limits to Growth havef;gﬂe%véﬁna remarkable

/
.—-/-
amount of attention from the public a ress. The World Dynamics computer

model has been rewritten imto several computer languages; it is operating
on the comput corporations and universities. The books have

anslated and published into a aozen or more languages.
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Since the publication of World Dynamicsl in 1971 and the successor

book, Limits to Growth2 by Meadows and others in 1972, an often repeated

set of criticisms has appeared in reviews and commentaries., These reactions
have appeared enougﬁ times to justify analysis and comment.

The two books deal with the dynamic interactions between popula-
tion, capital, natural resources, pollution, and agriculture. They do
this through the medium of computer models that have been built to cap-
ture the essence of assumptions that now seem to underlie political decision-

making.

Although the ‘debate involves both World Dynamics and Limits to

Growth; I will cespond cnly din terms of World Dynamics betause some of
the comments revolve around specific numerical assumptions that are available
in the earlier book. Although the corresponding numerical and quantitative

assumptions for Limits to Growth have been available to serious research

groups’ since the spring of 1972, they are not yet at this writing generally
available through a commerical publisher.}/"Fhe use of models in decision-
mékiﬁg is old and familiar., Human fhinking depends on models. One does
not have a real city or nation in his head--only assumptions and simplifi-
cations that are a ﬁudel that we use instead of thé real system. Nations

and the world are now managed entirely on the basis of models. The mental -
model étarts from various assumptions about the parts of a social system,
draws conclusions about the future dynamic implications of those assumptions,
and goes on to bropose modifications of laws and policies that are presumed |
to lead toward a better future. The computer modeling process on which -

the two bocks are based is, in general, the same as the mental modeling

process. The differences are in degree rather than in kind., The computer

1, Forrester, Jay W., World Dynamics, Wright-Allen Press, 238 Main
Street, Cambridge, Mass., U, S.A,
- 2, Mecadows, Donella H., et al, The Limits to Growth, Universe
Books, 381 Park Avenue South, New York,

Copyright () 1972 by Jay W. Forrester




model is more clearly stated and its implications can be determined with

more certainty.

The computer model presents its underlying assumptions concretely

and explicitly so that they are available for criticism and revision. The
assumptions are interrelated in clearly stated ways that divulge the assumed
structure for others to analyze. Because the structure has been made un-
ambiguous and the numerical assumptions have been made quantitative, the
resulting model (which is a theory of social structure) can be used by a
computer to eprse the behavioral consequences.of the aésumptions that have
‘been made. - .

Why has the public and press given so much attention to these
two books? Some have attempted an explanation in terms of publicity efforts

by publishers and authers. But World Dynamics was released by a previously

unknown publisher with nothing more than the mailing of literature and
review copies, Yet within three months it was being discussed in the daily
press, business periodicals, and in many speciaininterest publications.
Clearly, the issues touched on deep public concerns,

The resulting controversy has arisen because the computerlmodeling
process exposes internal contradictions that exist in the currently prevalent
mental models, The computer models are essentiéll& consistent with present
assumptions about major world interactions., The behavior of the models is
consistent with the observed rising social, technical, economic, and environ-
mental pressures around the world. But the models come as a shock because
they suggest a future that is quite different from the one our mental
models have been anticipating. The critics seem to assume that the inconsis-
tency between assumptions and expectations will be resolved by altering
the basic assumptions until models behave in acecordance with our future
hopes. But it has been repeatedly shown that mental models are more
reliable in their basic assumptions than in .anticipating future behavior
tﬁat follows from the assumptions, :

The reactions to the books seem to rest on nine viewpoints and
attitudes that the crities bring to the subject: ~ - *

1. Assuming that analysis of social systems is premature
and hopeless because sufficient information is thought
not to exist.




Seeing the world from a narrow technical and material-
istic viewpoint that excludes important social forces.

Addressing only limited physical and ecenomic issues e
while ignoring the successive layers of limits to growth.

A sense of impotence toward altering present world atti-
tudes becomes a sense of futility when the future is
discussed. ;

Believing capital accumulation is the key to the future

in spite of past inability in most cultures to acquire
capital faster than population has grown and in spite of
the rising forces that will lower the marginal productivity
of capital and reduce the social feasibility of more

rapid accumulation.

Hoping that market forces and prices can solve the problem
of shortages.

Adopting a narrow disciplinary view so that the degree
of aggregation represented in the models is not inter-
preted correctly.

Failing to perceive correctly the implications' of aggre-
gation, leading to the belief that technical progress
has been omitted from the models.

Overloocking the way computer models are changing the
rules of debate so that vague and nonspecific complainte
arc addressed to the clear and specific assumptions that
are given in a computer model, ko

S

Taking each of these nine points in turn:

1. Analysis Not Possible., It is commonly stated by academic

critics that amalysis of social systems as presented in World Dynamics

should_not yet be undertaken because éufficieut‘informatiou is not available., -
'Thié is a viewpoint that can be taken_only by a critic who.is ffee to stand
on the sidelines and wait for certainty. It is a rational viewpoint for
the person who need not act and wishes to avoid professional risk. It is,
however, an alternative that is not available to the manager, the political
1eaaer, or the citizen. We all live now. We all act in the present. What
we do or avoid toﬁay determines the future. We do not have the option of
stopping time while knowledge accumulates, Furthermore,-every decision
that is made is made on the baéis of models. Those models are now the
mental models in the heads of citizens, members of parliament, heads of
government, and representatives at the United Nations. In general those

mental models are less comprehensive than the models that can now be assembled




and put on a computer. They are also less accessible and less specific., In
addition they contain internal contradictions between the basic assumptions
and the assumed behavior. The critic, by suggesting that formal models
should be delayed, implies that he has more confidence in existing mental
models than he could ever have in an explicit formal model. He is saying
that ignorance is bliss. He would rather depend on a mental model whose
assumptions are unknown to him than to dependlon the best available model

that explicitly states those assumptions. The computer models are now

beginning to compete with the mental models in plausibility and influence.

The proper rejoinder to an explicit computer model should be to offer
equally explicit alternatives and improvements so that our understanding

-of social systems can rapidly advance.

2. Materialistic Viewpoint., Criticisms have tended to focus.only
on issues of resources; pollution, and capital. This betrays a narrow .
materialistic perspective that misses the social, psychological, and politi-
Vical aspects of existence. In fact the consequences of rapid technological
change, crowding, pressures on resources, and the need for rising resource
flows from the underdeveloped countries to swsatain e¢0ﬂ0ﬁfc growth in the
developed countries, all are manifesting themselves in economic stress,
genocide, rising crime rates, drug addiction, and- an increasing proﬁébility
of a third world war. The fundamental issue here arises from the way
that pressures created by growth redistribute themselves within the social
system. If some of the pressures are relieved, growth continues until
remaining pressures intensify in other parts of the system,
We know better how to relieve technological pressures than.we dd economic
pressures. In turn, we are more able to deal with economic issues than
the social and psycholbgicél issues. Therefore, the tendency is to release
the technological pressures and allow further growth to shift the stresses
into the cconomic and social realms. Then by partially sﬁcceeding in the
counteraction of,économic pressures, we make the ultimate transition into
unresolvable social stresses. In other words, the narrow materialistic
view that sees solutions to all-problems as achievable through technology

will be responsible for intensifying psychological and social disturbance,




3. Layers of Limits. The narrow economic viewpoint tends to

see world problems only in terms of resources and capital accumulation.

Yet the limits to growth exist in a succession of layers., To the extent

that the immediate layer can be relaxed, another layer is encountered.

This succession is shown in World Dynamics where, with the particular
assumptions that were chosen, the first limit to be encountered arises

from resources., Page 73 of World Dynamics, in referring to the resource-

limited mode that results in a population peak in 50 years, states,

. . . the figure should be interpreted as one of the possible
modes of behavior of the world system., One can argue that exhaustion
of natural resources is not the most likely limitation on popu-
lation growth. Actual stocks of natural resources may be greater
than the 250-year supply that has been assumed here. Further-
more, science may make continuing substitutions to delay the .
impact of resource shortage. If natural resources do not limit
population growth and slow the pace of industrialization, however,
some other force in the world system will eventually do so,

. . » natural resources may not be the most critical aspect
of the world enviromment. (page 74) « . -

The effect of reducing the demand for natural resources is ;
to take one layer of restraint off the growth forcez of the system,
(page 73) « . .

‘« o« « [this] teaches a fundamental lesson about complex
systems., When one pressure or difficulty is alleviated, the
result may be merely to substitute a new problem for the old.
Often the new mode is less desirable than the old. In parti-
cular, the industrialized societies have come to depend on
technology to solve their problems. This succeeded when techno-
logy was improving so rapidly that it could exploit geographical
space and natural resources faster than the population could
increase, But now, as technology reaches the point of diminishing
returns and begins to run short on space and resources, the
technological "solution'" may more and more be only a substitu-
tion of one crisis for another. (page 80)

The book then continues to examine pollution as a possible limit,
food shortage as another possible limit, and crowding as the ultimate limit.
Those who depend only on technology should ask themselves what the next
set of limits will be., Will pursuit of technical goals simply lead to
more intractable pressures in the economic and social sectors? I believe
they will, I£f so, the arguments presented by the materialistic technologists
will iﬂ time be recognized as having been a route to greater social

disorientation,




4, Futility in the Face of Past Traditions. In effect, some

critics plead that we need not address ourselves to the future because
we cannot change the present traditions, actions, and value structures of
society. This is the voice of resignation and hopelessness. But it arises
from misjudging the interest of the public in the longer-term future and
the sensitivity of the public to preéent omens. The public viewpoint has
changed merkedly in the last ten years toward an increasing concern for
environmental issues, an acceptance of the necessity for population limita-
tion, and a recognition that continued dependence on technology alone to
solve problems will produce rapidly intensifying stresses in the nontechnical
aspects of the world system. I believe the critics' futility is unjustified
and that citizens, managers, and political leaders are beginning to recog-

i ERANATY\,
nize deteriorating intgractions(éégagaﬁvtechnical, economic, and social

forces as issues to which they must be increasingly responsive.

5. Confidence in Capital Accumulation. The technical optimism

is based on the assumption that massive accumulation of capital can solve

all problems. It is often suggested that additional capital investment

Call lucrease agricultural oulput, reduce pollution, and use lower grade
resources, This mayrbe true if the capital accumulation can and does occur.
But the optimists do not address themselves to the feasibility of such
massive capital accumulation. Two develbping trends suggest that it will
be more difficult than in the past, while, even in the past, capital accumu-
lation has been possible for only that quarter of the world's population that
has lived under particularly fortuitous circumstances, As envirommental ~—
limits are pressed more tightly, the cost of generating capital will increase
a% the same time that its marginal productivity‘dcclineg. Furthermore, as
population continues to grow while production comes under ever heavier
restraint, there will be growing social pressures to divert current produc-
tion into current consumption, 'As the pressures for medical programs, old
age support, unemployment compensation, and public welfare payments mount,
there may be a declining capability for accumulating capital.

6. Rising Prices. Prices have not been included in the wvariables

of the World Dynamics model. Many have seen the absence of prices as a

major weakness, and have asserted that price mechanisms would curtail use

of scarce goods and thereby prevent their disappearance. But rising prices




imply more effort expendéd per unit of product, Higher real prices are

equivalent to lower productivity and a falling standard of living. It
matters very little to the consumer whether he camnot procure goods because -
they are unavailable or because the price is higher than he can afford.
Prices are intervening variables between supply and demand, they are communi-
cators of shortage, and they encourage the use of more abundant alternatives
for scarce goods. But prices cannot correct a situation of total demand
exéeeding total supply such as will exist if population and industriali-
zation extend beyond the limits of the world environment. This viewpoint
parallels the U, S. National Academy of Science report of August 1972,

Elements of a National Materials Policy, that states, "there was but small

support for the view that market forces alone will solve the foreseeable
problems,"

7. Misinterpretation of Aggregation. An overview of a social

system discards fine detail so that broad issues can be more clearly
‘accentuated, When this is doné, many of the intermediate relationships in
 a chain of causality are omitted. A critic who is accustomed to taking a
narrow subsystewm view may observe the omission of the direct elements of
causality without looking beyond them to see if they are adequately repre-
sented by a more fundamental set of causes. This failure to judge ffom

the appropriate perspective is illustrated by reactions to the demographic

sector of World Dynamics. In the mode )birth rate depends on the material
standard of living, crowding, pollution, and food per capita. But critics
suggest alternative effects on birth rate without asking whether or not
these might in turn be related to the more fundamental variables already
fepresented in the model. For examplé, the suggestion is made that social "
attitudes and institutional factors affect birth rate. Indeced théy do but are they
not themselves épt to be a reflection of the availability of space,.food,
material goods, and a satisfactory enviromment? ‘Social attitudes and insti-
tutional factors reflect the self-discipline necessary for man to fit himself
into his environmént and to the prozimity of his fellow man.

As a more specific example, the suggestion has been offered that
the dec;ine in French fertility in the nineteenth century might be due to
changes in the laws of inheritance, changed social attitudes,_ahd the easier

life that fewer children make possible. But one should look back into the




economic and political situation to see why'the laws were changed and the

social attitudes were altered., And what was it in the changing technology
and rising industrialization that made fewer children advantageous? The
intervening variables that are suggested will often be but mere reflections

of the more fundamental variables dealt with in World Dynamics.

The revived birth rate in the United States after World War II
and the more recent decline are often alleged to be contrary to the assump;
tions in the computer model. But depressed birth rates in the 1930's
followed by a rise in the 50's and a fall in thé late 60's coincides closely
with the varying economic, psychological, and environmental pressures on
the pbpulation.

8. Technical Change. The erroneous belief that the World Dyna-

mics model takes no account of technical change is also traceable to lack
of familiarity with models that take a broad overview. Technical change is

represented in the World Dynamics model as part of capital investment. From

ﬁage 53 we find, "Capital includes buildings, roads, and factories, It
| glso includes education and the results of scientific research, for the
latter are not renresented elsewhere in the model system énd the inyogt-
ment in them decays at about the same rate as for physical capital."
Physical capital, education, and technical advancement have very similar
dynamic behavior. Each, in a real sense, as it dinteracts with population,
tends to reproduce itself, Physical capital tends to make possible a higher
rate of accumulation of physical captial. Knowledge makes it possible to
accumulate still more knowledge. Technical accomplishment becomes the
foundation for further technical accomplishment. -They all,‘under the proper
circumstances, regenerate themselves in a positive’feedhack.loop as in

World Dynamics. Dynamically speaking, they are very similar and can be

aggregated together as a first approximation. If this had not been done
witﬁ some success, hdw otherwise would the behavior of the model, which
starts with condiﬁions of the year 1900, by itself generate a trajectory
that passes through the conditions of 19707 Certainly the seventy inter-
vening years have been marked By-rapid technological change. The several
effects could have been separated and represented individually in the model.
Doing so would have made deFails casier to describe, but would ﬂave obscured

the broad overall structure of world interactions.




9. Changed Rules of Debate. In the past men havé debated the

merits of mental models and their implications for the future of society.

But the underlying assumptions have seldom been made speéific"and the
arguments have been equally Qague, But computer models of social structure
are exglicit, the assumptions have meaning to an ordinary person who has
knowledge of corresponding parts of the real system, and any concept that

can be expressgd in explicit verbal language can be put into computer
language. Translation from ordinary language to computer language is simpler
than translation between French and English., The grammar is more specific,
"the constructions are unambiguous, All statements must be made in quanti-
tative form and murky thinking is suppressed.

With a clear and precise statement of assumptions, with an explicit
statement about structure, and with an unassailable presentation of the
implications of the assumptions as presented in computer output, a new
rigor in debate is called for., Contrary assumptions about structures and
influences should be presented with equal quantitative clarity. It would
then be possible to determine whether or not the alternative suggestions
would chance the conclysinonsg, sre standing cutside
of the new arena. They throw stones at explicit assumptions that are offered,
but do not risk opening themselves to similar inspection. Although far
better and more comprehensive models can and will be developed, no one has

yet offered an alternative quantitative model that he suggests is better.

The system dynamics methodology illustrated in World Dynamics

gives a new basis for drawing together the interactions‘b22$géﬁrkgaﬁaology,
politics, economics, law, ethics, and religion.,* The interactions between
disciplines account for social behavior much more than influences from within
any single discipliné. System dynamics, by provi&ing a common framework,
allows the interconnections to be established, But more‘thaﬁ a systems
methodology is necessary. Knowledge about the subsystems is required. Time
is needed to put each subsystem into a common framework. As the world

becomes more congested, the interactions become more significant. If the

*For a discussion of religion in the context of these issues, see
my chapter, '"Churches at the Transition Between Growth and World Equilibrium'
in Toward Global Equilibrium, Dennis L. Meadows, editor, Wright-Allen Press,
238 Main Street, Cambridge, Mass,, U.S.A,




changing patterns of social forces are to be understood and controlled,
the multiple interactions within society must be better understood. This,
I suggest, is the great challenge of the next one or two decades. The task™ "
now is not the gathering of more detailed and elementary information., That
has been going on for years. We are overwhelmed with bits and pieces of
-knowledge;

Now is the time to develop concrete theories of how this knowl-
edgé is linked together., Computer models are such theories. They
show the interrelationships; they allow a derivation of the consequences;
they permit a test of the theories against the evidence from reality.
Toward achieving this better understanding, I suggest that several major
research institutes need to be established. Each should contain men from
every significant field of endeavor. All should amalgamate existing knowl-
edge into unified theoretical structures (computer models), so that we can
better determine the future implications of what we now know and are now
doing. Alternative courses of action could then be evaluated to suggest

roads toward the most acceptable of available futures,

Jay W. Forrester, Germeshausen Professor, Massachusetts Institute
of Technology; recipient of the Valdemar Poulsen Gold Medal from the Danish
Academy of Technical Sciences, 1969; Medal of Honor of the Institute of
Electrical and Electronic Engineers, 1972; Benjamin Franklin Fellow of the
Royal-Society of Arts, 1972; Award for Outstanding Accomplishment by the
Systems, Man and Cybernetics Society, 1972; author of Industrial Dynamics,
1961, and Urban Dynamics, 1969, (M.I1.T, Press, Cambridge, Massachusetts) and
of Principles of Systems, 1968, and World Dynamics, 1971 (both Wright-Allen
Press, Cambridge, Massachusetts, in England through John Wiley.)
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Since the publication of Werld Dynamicsl in 1971 and the successor

book, Limits to Growth2 by Meadows and others in 1972, an often repeated

set of criticisms has appeared in reviews and commentaries. These reactions
have appeared enough times to justify analysis and comment.

The two books deal with the dynamic interactions between popula-
tion, capital, natural resources, pollution, and agriculture. They do
this through the medium of computer models that have been built to cap-
ture the essence of assumptions that now seem to underlie political decision-

making.

Although the ‘debate involves both World Dynamics and Limits to

Growth, T i ccnpond gnly da tere of World Dynonics belause Some oF
the comments revolve around specific numerical assumptions that are available
in the earlier book. Although the corresponding numerical and quantitative

assumptions for Limits to Growth have been available to serious research

groups since the spring of 1972, they are not yet at this writing generally
available through a commerical publisher 47 The use of models in decision-
making is old and familiar, Human_fhinking depends on models. One does
not have a real city or nation in his head--only assumptions and simplifi-
cations that are a ﬁodel that we use instead of thé real system. Nations

and ‘the world are now managed entirely on the basis of models, The mental -
model starts from various assumptions about the parts of a social system,
draws conclusions about the future dynamic implications of those assumptions,
and goes on to ﬁropose modifications of laws and policies that are presumed .
to lead toward a better future. The computer modeling process on which -

the two bocks are based is, in general, the same as the mental modeling

process, The differences are in degree rather than in kind. The computer

1, Forrester, Jay W., World Dynamics, Wright-Allen Press, 238 Main
Street, Cambridge, Mass., U,S.A,
_ 2. Meadows, Donella H., et al, The Limits to Growth, Universe
Books, 381 Park Avenuc South, New York,
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model is more clearly stated and its implications can be determined with

more certainty.

The computer model presents its underlying assumptions concretely

and explicitly so that they are available for criticism and revision. The
assumptions are interrelated in clearly stated ways that divulge the assumed
structure for others to analyze. Because the structure has been made un-
ambiguous and the numerical assumptions have been made quantitative, the
resulting model (which is a theory of social structure) can be used by a
computer to expﬁse the behavioral consequences of the aésumptions that have
‘been made. ' ‘

Why has the public and press given so much attention to these
two books? Some have attempted an explanation in terms of publicity efforts

by publishers and authers. But World Dynamics was released by a previously

unknown publisher with nothing more than the mailing of literature and
review copies., Yet within three months it was being discussed in the daily
press, business periodicals, and in many speciaininterest publications.
Clearly, the issues touched on deep public concerns,

1he resuliing controversy has arisen because the computer'modeling
process exposes internal contradictions that exist in the currently prevalent
mental models., The computer models are essentiﬁll§ consistent with present
assumptions about major world interactions. The behavior of the models is
consistent with the observed rising social, technical, economic, and environ-
mental ‘pressures around the world, But the models come as a shock because
they suggest a future that is quite different from the one our mental
models have been anticipating. The critics seem to assume that the inconsis-
tency between assumptions and expectations will be resolved by altering
the basic assumptions until models behave in accordance with our future
hopes. But it has been repeatedly shown that mental models are more
reliable in their basic assumptions than in anticipating future behavior
that follows from the assumptions,

The reactions to the bocks seem to rest on nine viewpoints and
attitudes that the crities bring to the subject: R

1. Assuming that analysis of social systems is premature
and hopeless because sufficient information is thought
nok ‘tolextct,




Seeing the world from a narrow technical and material-
istic viewpoint that excludes important social forces.

Addressing only limited physical and ecenomic issues- - —--
while ignoring the successive layers of limits to growth,

A sense of impotence toward altering present world atti-
tudes becomes a sense of futility when the future is
discussed.

Believing capital accumulation is the key to the future

in spite of past inability in most cultures to acquire
capital faster than population has grown and in spite of
the rising forces that will lower the marginal productivity
of capital and reduce the social fea51b111ty of more

rapid accumulation.

Hoping that market forces and prices can solve the problem
of shortages.

Adopting a narrow disciplinary view so that the degree
of aggregation represented in the models is not inter-
preted correctly.

Failing to perceive correctly the implications'of aggre-
gation, leading to the belief that technical progress
has been omitted from the models.

Overlooking the way computer models are changing the

rules of debate so that vague and nonspecific complainte
are addressed to the clear and specific assumptlons that
are given in a computer model, A

Taking each of these nine points in turn:

1. Analysis Not Possible, It is commonly stated by academic

critics that amalysis of social systems as presented in World Dynamics

should not yet be undertaken because éufficient_information is not available. -
This is a viewpoint that can be takenronly by a critic who.is free to stand
on the sidelines and wait for certainty. It is a rational viewpoint for
the person who need not act and wishes to avoid professional risk. It is,
however, an altérnative that is not available to the manager, the political
leader, or the citizém. We all live now. We all act in the present, What
we do or avoid today determines the future. We do not have the option of
stopping time while knowledge accumulates. Furthermore,‘every decision
that is made is made on the basis of models. Those models are now the
mental models in the heads of citizens, members of parliament, heads of
government, and representatives at the Upited Nationms. In general those

mental models are less comprehensive than the models that can now be assembled




and put on a computer, They are also less éccessible and less specific, 1In

addition they contain internal contradictions between the basic assumptions
and the assumed behavior. The critic, by suggesting that formal models
should be delayed, implies that he has more confidence in existing mental
models than he could ever have in an explicit formal model. He is saying
that ignorance is bliss. He would rather depend on a mental model whose
assumptions are unknown to him than to depend.on the best available model
that explicitly -states those assumptions. The computer models are now
beginning to compete with the mental models in ﬁlausibility_and influence.
The proper rejoinder to an explicit computer model should be to offer
equafiy explicit alternatives and improvements so that our understanding

.of social systems can rapidly advance.

2. Materialistic Viewpoint. Criticisms have tended to focus.only

on issues of resources; pollution, and capital. This betrays a narrow
materialistic perspective that misses the social, psychological, and politi-
cal aspects of existence. In fact the consequences of rapid technological

change, crowding

o3

pressures on resources, and the need for rising resource
flows -from the wnderdevelnped countries to sustain ocnvomic growth in the
developed countries, all are manifesting themselves in economic stress,
genocide, rising crime rates, drug addiction, and- an increasing progébility
of a third world war. The fundamental issue here arises from the way

that pressures created by growth redistribute themselves within the social
system. If some of the pressures are relieved, growth continues until
remaining pressures intensify in other parts of the system,

We Rnow better how to relieve technological pressures thau-we do economic
pressures. In turn, we are more able to deal with economic issues than

the social and psycholégicél issues, Therefore, the tendency is to release
the technological pressures and allow further growth to shift the stresses
into the economic and social realms., Then by partially sﬁcceeding in the
counteraction of économic pressures, we make the ultimate transition into
unresolvable social stresses. In other words, the narrow materialistic
view that sees solutions to all.problems as achievable through technology

will be responsible for intensifying psychological and social disturbance.




3. Layers of Limits. The narrow economic’ viewpoint tends to

see world problems only in terms of resources and capital accumulation.
Yet the limits to growth exist in a succession of layers. To the extent

that the immediate layer can be relaxed, another layer is encountered.

This succession is shown in World Dynamics where, with the particular
assumptions that were chosen, the first limit to be encountered arises

from resources. Page 73 of World Dynamics, in referring to the resource-

limited mode that results in a population peak in 50 years, states,

. . . the figure should be interpreted as one of the possible
modes of behavior of the world system. One can argue that exhaustion
of natural resources is not the most likely limitation on popu-
lation growth. Actual stocks of natural resources may be greater
than the 250-year supply that has been assumed here. Furthex-
more, science may make continuing substitutions to delay the -
impact of resource shortage, If natural resources do not limit
population growth and slow the pace of industrialization, however,
some other force in the world system will eventually do'so.

. . . natural resources may not be the most critical aspect

of the world environment. (page 74) « - -

The effect of reducing the demand for natural resources is
to take one laver of zrestraint off the grewth férces of the system.
(page 75) . . .

« « » [this] teaches a fundamental lesson about complex
systems, When one pressure or difficulty is alleviated, the
result may be merely to substitute a new problem for the old.
Often the new mode is less desirable than the old. 1In parti-
cular, the industrialized societies have come to depend on
technology to solve their problems. This succeeded when techno-
logy was improving so rapidly that it could exploit geographical
space and natural resources faster than the population could
increase, DBut now, as technology reaches the point of diminishing
returns and begins to run short on space and resources, the
technological "solution" may more and more be only a substitu-
tion of one crisis for another. (page 80) :

The book then coﬁtinues to examine pollution as a possible limit,
food shortage as another possible limit, and crowding as the ultimate limit,
Those who depend only on technology should ask themselves what the next
set of limits will be. Will pursuit of technical goals simply lead to
more intractable pressures in the economic and social sectors? I believe

they will., If so, the afguments presented by the materialistic technologists

will in time be recognized as having been a route to greater social

disorientation,




4, Futility in the Face of Past Traditions., In effect, some

éritics plead that we need not address ourselves to the future because

we cannot change the present traditions, actions, and value structures of
society. This is the voice of resignation and hopelessness. But it arises
from misjudging the interest of the public in the longer-term future and

the sensitivity of the public to preéent omens. The public viewpoint has
changed  markedly in the last ten years toward an increasing concern for
environmental issues, an acceptance of the necessity for population limita-
tion, and a recognition that continued dependence on technology alone to
solve problems will produce rapidly intensifying stresses in the nontechnical
aspects of the world system. I believe the critics' futility is unjustified
and that citizens, managers, and political leaders are beginning to recog-
nize deteriorating interactions between technical, economic, and social
forces as issues to which they must be increasingly responsive.

5. Confidence in Capital Accumulation. The technical optimism

is based on the assumption that massive accumulation of capital can solve

all problems. It is often suggested that additional capital investment

Cair iucrease agriculiural vuatput, reduce pollution, and use lower grade
resources., This may be true if the capital accumulation can and does occur,
But the optimists do not address themselves to the feasibility of such
massive capital accumulation., Two developing trends suggest that it will

be more difficult than in the past, while, even in the past, capital accumu-
lation has been possible for only that quarter of the world's population that
has lived undér particularly fortuitous circumstances. AS environmental
limits are pressed more tightly, the cost of generating capital will increase
ak the same time that its marginal productivity‘declineé‘ Furthermore, as
population continues to grow while production comes under ever heavier
restraint, there will be growing social pressures to divert current produc-
tion into current consumption, As the pressures for medical programs, old
age support, unemployment compensation, and public welfare payments mount,
there may be a declining capability for accumulating capital.

6. Rising Prices. Prices have not been included in the variables

of the Worl  Dynamics model. Many have seen the absence of prices as a

major weakncss, and have asserted that price mechanisms would curtail use

of scarce goods and thereby prevent their disappearance. But rising prices




imply more effort expended per unit of product. Higher real prices are
equivalent to lower productivity and a falling standérd of-living. i
matters very little to the consumer whether he cammot procure goods because=-
they are unavailable or because the price is higher than he can afford,
Prices are intervening variables between supply and demand, they are communi-
cators of shortage, and they encourage the use of more abundant alternatives
for scarce goods. But prices cannot correct a situation of total demand
exceeding total supply such as will exist if population and industriali-
zation extend beyond the limits of the world environment. This viewpoint

parallels the U. S. National Academy of Science report of August 1972,

Eleménts of g National Materials Policy, that states, 'there was but small

support for the view that market forces alone will solve the foreseeable

problems,"

.

7. Misinterpretation of Aggregation., An overview of a social

system discards fine detail so that broad issues can be more clearly
accentuated, When this is doné, many of the intermediate relationships in
~a chain of causality are omitted. A critic who is accustomed to taking a
narrow cubcystem view uay observe the vmission of the direct elements of
causality without looking beyond them to see if they are adequately repre-
sented by a more fundamental set of causes, This failure to judge from
the appropriate perspective is illustrated by reactions tﬁ the demographic

sector of World Dynamics. In the model birth rate depends on the material

standard of living, crowding, pollution, and food per capita. But critics
suggest alternative effects on birth rate without asking whether or not
these might in turn be related to the more fundamental variables already
fepfesented in the model. TFor example, the suggestion is made that social .
attitudes and institutional factors affect birth rate. Indeed théy do but are they
nét themselves apt to be a reflection of the availability of space, food,
mateérial goods, and a satisfactory environment? ‘Social attitudes and insti-
tutional factors reflect the self-discipline necessary for man to fit himself
intb his environment and to the proximity of his fellow man.

As a more specific example, the suggestion has been offered that
the dec}ine in French fertility in the nineteenth century might be due to
changes in the laws of inheritance, changed social attitudes, and the easier

life that fewer children make possible. But one.should look back into the




economic and political situation to see why the laws were changed and the
social attitudes were altered. And what was it in the changing technology
and rising industrialization that made fewer childfen advantageous? The
intervening variables that are suggested will often be but mere reflections

of the more fundamental variables dealt with in World Dynamics.

The revived birth rate in the United States after World War II
and the more recent decline are often alleged'to be contrary to the assump?
tions in the computer model. But depressed birth rates in the 1930's
followed by a rise in the 50's and a fall in the late 60's coincides closely
with the varying economic, psychological, and envirommental pressures on

the population.

8. Technical Change. The erroneous belief that the World Dyna-
mics model takes no account of technical change is also traceable to lack
of familiarity with models that take a broad overview. Technical change is

represented in the World Dynamics model as part of capital investment. From

page 53 we find, "Capital includes buildings, roads, and factories. It

glso includes education and the results of scientific research, for the
latter are not representeda elsewhere in the model system ;_;nd the invogt-
ment in them decays at about the same rate as for physical capital."
Physical capital, education, and technical a&vancemcnt have very similar
dynamic behavior. Each, in a real sense, as it interacts with population,
tends to reproduce itself, Physical capital tends to make possible a higher
rate of accumulation of physical captial. Knowledge makes it possible to
accumulate still more knowledge. Technical accomplishment becomes the
foundation for further technical accomplishment, -They all; under the proper

circumstances, regenerate themselves in a positive feedback loop as in

World Dynamics. Dynamically speaking, they are very similar and can be

aggregated together as a first approximation, If this had not been done
with some success, how otherwise would the behavior of the model, which
starts with conditions of the year 1900, by itself generate a trajectory
that passes through the conditions of 19707 (Certainly the seventy inter-
vening years have been marked by'rapid technological change., The several
effects could have been separated and represented individually in the model.
Doing so would have made details easier to describe, but would ﬁave obscured

the broad overall structure of world interactions.




9. Changed Rules of Debate., In the past men have debated the

merits of mental models and their implications for the future of society.

But the underlying assumptions have seldom been made specific and the
arguments have been equally ﬁague, But computer models of social structure
are explicit, the assumptions have meaning to an ordinary person who has
knowledge of corresponding parts of the real system, and any concept that

can be expressed in explicit verbal language can be put into computer
language, Translation from ordinary language to computer 1anguage is simpler
than translation between French and English. The grammar is more specific,
‘the constructions are unambiguous, All statements must be made in quanti-
tative form and murky thinking is suppressed.

With a clear and precise statement of assumptions, with an explicit
statement about structure, and with an unassailable presentation of the
implications of the assumptions as presented in. computer output, a new
rigor in debate is called for. Contrary assumptions about structures and
influences should be presented with equal quantitative clarity. It would
then be possible to determine whether or not the alternative suggestions
would change Ehe conclusiens. Bubk so faxr wost critice grg stondine cuteide
of the new arena. They throw stomnes at explicit assumptions that are offered,
but do not risk opening themselves to similar inspection., Although far
better and more comprehensive models can and will be developed, no one has

yet offered an alternative quantitative model that he suggests is better.

The system dynamics methodology illustrated in World Dynamics

gives a new basis for drawing together the interactions betwéen technology,
politics, economics, law, ethics, and religion.* The interactions between
disciplines account for social behavior much more than influences from within
any single discipline. System dynamics, by providing a common framewbrk,
allows the interconnections to be established. But more‘thaﬁ a systems
methodology is necessary. Knowledge about the subsystems is required. Time

is needed to put each subsystem into a common framecwork. As the world

becomes more congested, the interactions become more significant. If the

*For a discussion of religion in the context of these issues, sece
my chapter, 'Churches at the Transition Between Growth and World Equilibrium'
in Toward Global Equilibrium, Dennis L. Meadows, editor, Wright-Allen Press,
238 Main Street, Cambridge, Mass., U.S.A.




changing patterns of social forces are to be understood and controlled,
the multiple interactions within society must be better unAerstood. This,
I suggest, is the great challenge of the next one or two decades, The task™~
now is not the gathering of more detailed and elementary information. That
has been going on for years. We are overwhelmed with bits and pieces of
knowledge.

Now is the time to develop concrete theories of how this knowl-
edge is linked together. Computer models are such theories. They
show the interrelationships; they allow a derivation of the consequences;
they permit a test of the theories against the evidence from reality.
Toward achieving this better understanding, I suggest that several major
research institutes need to be established. Each should contain men from
every significant field of endeavor. All should amalgamate existing knowl-
edge into unified theoretical structures (computer models), so that we can
better determine the future implications of what we now know and are now
doing. Alternative courses of action could then be evaluated to suggest

7roads toward the most acceﬁtable of available futures,

Jay W. Forrester, Germeshausen Professor, Massachusetts Institute
of Technology; recipient of the Valdemar Poulsen Gold Medal from the Danish
Academy of Technical Sciences, 1969; Medal of Honoxr of the Institute of
Electrical and Electronic Engineers, 1972; Benjamin Franklin Fellow of the
Royal Society of Arts, 1972; Award for Outstanding Accomplishment by the
Systems, Man and Cybernetics Society, 1972; author of Industrial Dynamics,
1961, and Urban Dynamics, 1969, (M.I.T. Press, Cambridge, Massachusetts) and
of Principles of Systems, 1968, and World Dynamics, 1971 (both Wright-Allen
Press, Cambridge, Massachusetts, in England through John Wiley.)




To: Prof. Forrester
From: G.W. Low

Re: "On Criticisms of World Dynamics"

I suggest a reorganization of the nine "viewpoints and
attitudes" of the critics -into eight. The modified list combines
your points 2'and-3 (virtually the same) as well as your points
5 and 8 (whére 8 is more a specific criticism of W.D. than a viewpoint
or attitude). Numercus critics have objected to your "predictions',
as if predictioh-is'thé goal of the W.D. model. I have added,

_ therefore, another 'viewpoint" (number 2) which I call "A short-

term perspéctive that seeks prediction from formal models". It

alludes, by the way, to the existence of other types of formal

modeling besides System Dynamics.
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On Criticisms of World'Dynamics

S

Jay W. Forrester
Germeshausen Professor
Massachusetts Institute of Technology

L
Since the publication of World Dynamics™ in 1971 and the successor
|
book, Limits to Growth2 by Meadows and others in 1972, an often repeated
|

set of criticisms has appeared in reviews and commentaries. These reactions
have -appeared enough times to justify analysis and comment. _

The two books deal with the dynamic interactions between popula-
tion, capital, natural resources, pollution, and agriculture. They do
this through the medium of computer models that have been built to‘cap-‘
ture the essence of assumptions that now seem to underlie political decision-
-making., l

Although the debate involves both World Dynamics and Limits to

Growwth. T will rpspnnﬂ only in terme nf World Dynamicc hersuca enma ~f

the comments revolve around specific numerical assumptions that are available

5

in the earlier book. Although the corresponding numerical and quantitative

'assumﬁtions for Limits to Growth have been availaﬁle to serious research
groups since the spring of 1972, they are not yet at this writing generally
available thrcugh a commerical puglisher.QfThe‘use of models in decision-
making is old znd familiar, Humé%‘thinking depends on models. One does
not-ga;é a2 real city or nation in his head--only assumptions and simplifi-
cations that are a model that we use instead of the real system, Netions
and the world are now managed entirely on the basis of models. The mental
model starts from various assumptions about the parts of a social system,
draws conclusions about the future dynamic implications of those assumptions,
and goes on to pIOposé modificaticns of laws and policies that are presumed
to lead toward a better future. The computer modeling process on which

the two books are based is, in general, the same as the mental modeling

process. The differences are in degree rather than in kind. The computer

barideo, tfass,, U, 5.4,

2. Meadows, Donella M., et al, The Limits to Growth, Universe

Park Awenue Sounth, New York.

ot
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model is more clearly stated and its impliéations can be determined with
more certainty.

The computer model presents'its undeflyiﬁg assumé%ibné céncreﬁely-
and explicitly so that they are available for criticism and revision. The
assumptions are interrelated in clearly stated.ways that divulge the assumed
structure for others to analyze. Because the structure has been made un-
ambiguous and -the numerical assumptions have been made quantitative, the

resulting model -(which is a theory of social structure) can be used by a

computer to expcse the behavioral consequences of the assumptions that have

been made. .

Why has the public and press given so much attention to these
two books? Some have attempted an explanation in terms of publicity efforts

by publishers ard authers. But World Dynamics was released by a previously

unknewn publisher with‘nothihg more than the mailing of literature and
review copies. Yet within three months it was being discussed in the daily
.press, business periodicals, and in many special-interest publications.
Clearly, the issues touched on deep public concerns.

The resulting controverey has arisen because the
process exposes internal contradictions that exist in tle current1y7prevalent
mental models. The computer models are essentially consistent with}bresent
'assumptioﬁs about major world interactions, The behavior of the models is
consistent with the observed rising social, technical, economic, and environ-
mental pressures around the world. But the models come as a shock because
the&-sﬁggest a future that is quite different from the one our mental
models have been anticipating. The critics seem to assume fhat the inconsis-
tency between assumptions and expectations will be resolved by altering
the basic assumptions until models behave in accordance with our future
hopes. But it has been repeatedly shown that mental models are more

that follows from the assumptions.
. £Lisht i .
The reactions to the bocks seem to rest on afme viewpoints and

attitudes that the critics bring to the subject:

1. Assuming that analysis of social systems is premature
and hopele because sufficicent information is thought

not to exis




2. A short-term perspective that seeks prediction from

formal models.

3. A narrow technical and materialistic viewpoint that
ignores important social issues and the su ccessive

limits to growth.

Believing that capital accumulation is the key to the
future and that technical progress has been omitted

from the models.

Hoping that market forces and ‘prices can solve the

problem of shortages.
Adopting a narrow disciplinary view so that the degree
of aggregation represented in the models is not interpreted

correctly.

A sense of impotence toward altering present world

attitudes becomes a sense of futility when the future

is discussed.

Overlooking the advantages of computer simulation models.




Seeing the world from a narrow technical and material-
istic vicwpoint that excludes important social forces.

Addressing only limited physical and economic issues- ~—-
while ignoring the successive layers of limits to growth.

A sense of impotence toward altering present world atti-
/tudes becomes a sense of futility when the future is
discussed.

Believing capital accumulation is the key to the future

in spite of past inability in most cultures to acquire
capital faster than population has grown and in spite of
the rising forces that will lower the marginal productivity
of capital and reduce the social f8331b111ty of more

rapid accumulation.
¥

Hoping that market forces and prices can solve the proolem
of shortages.

Adoptlno a narrow disciplinary view so that the degree
of aggregation represented in the models is not inter-
preted correctly.

11NL4 Vv‘+'£‘ ““*Vb( F2iling to perceive correctly the implications of aggre-
o mi‘%w . gation, leading to the belief that technical progress
a.v-:.imr : P
a &g e eadhices has been omitted from the models,

oF‘fk4 UJ.ﬂ VVUH&“e 9. Overlocking the way computer models are chanOing the
ruTeq of dehate a0 fhat wacue fic commlaints

aqa addressed to the clear and spec1f1c assumptlnns that
are glven in a computer model, =

e i =

o1 st
_Taking each of these nine points in turn:

1. Analysis Not Possible. It is commonly stated by academic

critics that dnalysis of social systems as presented in World Dynamics

: ! X ' . 0 0 . 3 .
should not yet be undertaken because sufficient information is not available, - -

This is a viewpoint that can be taken only by a critic who is free to stand
on the sidelines and wait for certainty. It is a rational viewpoint for
the person who need not act and wishes to avoid professional risk: It is,
however, an alternative that is not available to the manager, the political
leader, or the citizen, We all live now. We all act in ﬁhe present. What
we do or avoid today determines the future. We do not have the option of
stopping time while knowledge accumulates. Furthermcre; every decision
that is made is made on the basis of models. Those models are now the
mental models in the heads of citizens, members of parliament, heads of

goverament, and representatives at the United Nations. 1In general those

SR




and put on a computer, They are also less accessible and less specific, 1In
addition they contain internal contradictions between the basic assumptions
‘and the assumed behavior. The critic,'by suggesting that formal models
should be delayed, implies that he has‘@ore confidence in existing mental

models than he could ever have in.an exflicit formal model. He is saying
VRSt addisipy g

that ignorance is bliss, He would rather depend on azﬁaiiiiz?ode}—whﬁee

o
Sssumptions—are—unknown—+te—him than to depend on she-best-aveilable model
that explicitly states those assumptions, Fhe—eomsuter—models are now
begianiag~%e~eem@eéeuwixh—&he—mea%&%—models_in-pLaasibééiéy—end—iﬁélaeaee

The proper rejoinder to an explicit computer model should be to offer

equally explicit alternatives and improvements so that our understanding

. : \ﬁgf social syétems can rapidly advance.
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2. Shert-termn MvaQ :

2. The inclination to avoid analysis of systems for which data is

not obtainable ed&en leadsyzggylcademic critics to focus on a narrow
range of problems over a short time horizon. Available data, often
developed in the first place to satisfy a short-term perspective,

leads one to make "predictions" and to expect other formal models to

"predict" the future. The World Dynamics model suggests that some

of the most crucial problems facing mankind develop lover a longer

time period and involve system elements for which data is not
available. The simulated behavior resulting from chh complex

models represents the interaction of the assumed state variables and
the logical outcome of presently pursued objectives and mental models.
The computer output is not, therefore, predictive in the sense that

econometric and other types of formal models "predict' future events.
YP




8. Materialistic Viewvoint. Criticisms have tended to focus only

on issues of resources, pollution, and capital. This betrays a narrow
materialistic perspective that misses the social, psychological, and politi-

cal aspects of existence. 1In fact the consequences of rapld technological
ak el -ﬂm[:*hm\ a«ww«a
change, crowdlnv, pressures on resources, and Ehe—needwéer’pkseng—feeea%ee
Lan \..Ml fov The refowrees wns labgle. ca wnsdir-
—ehe~u nderdevetored-cauntrics o SO S e € Ghrotith G— G b -OW-E 3 —E e

developed countries, all are manifesting themselves in economic stress

genocide, rising crime rates, drug addiction, and an increasing probability
of a third world war. The fundamental issue here arises from the way
that pressures created by growth redistribute themselves within the social
system. If some of the pressures are relieved growth continues until

remaining pressures intensify in other parts of the system.

We know better how to relieve technolOOLC"] pressures than we do economic
pressures. In turn, we are more able to deal with economlc issues than
the social and psychologlcal issues. Therefore, tbe tendency is to release -

the technoloclcal pressures and allow further growth to shift the stresses

into the economic and social realms, Then by partially succeeding in the

counteraction of economic pressures, we make the ultimate transition into
unresolvable social stresses. In other words, the narrow materialistic
-view that sees solutlons to all problems as achievable through technology

will be responsible for 1ntens1fy1ng psycn01001ca1 and social disturbance,
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_3r—~LayefswofnLémits.¥ The narrow economic viewpoint tends to

see world problems only in terms of resources and capital accumulation.
Yet the limits to growth exist in a succession of layers. ™To the extent
that the immediate layer can be relaxed, another layer is encountered.

This succession is shown in World Dynamics where, with the particular

assumptions that were chosen, the first limit to be encountered arises

from resources. Page 73 of World Dynamics, in referring to the resource-

limited mode that results in a population peak in 50 years, states,
J |

. . . the figure should be interpreted as one of the possible
modes of behavior of the world system., One can argue that exhaustion
of natural resources is not the most likely limitation on popu-
lation growth. Actual stocks of natural resources may be greater
than the 250-year supply that has been assumed here. Further-
more, science may make continuing substitutions to delay the
impact of resource shortage. If natural resources do not limit
population growth and slow the pace of industrialization, however,
some other force in the world system will eventually do so.

. « . natural resources may not be the most critical aspect

of the world environment. (page 74) + +
The effect of reducing the demand for natural resources is

to take one layer of restraint off the growth forces of the system.
{page 75) « « . ‘

. « o [this] teaches a fundamental lesson about complex
systems, When one pressure or difficulty is alleviated, the
result may be merely to substitute a new problem for the old.

Often the new mode is less desirable than the old. In parti-
cular, the industrialized societies have come to depend on
technology to solve their problems. This succeeded when techno-
logy was improving so rapidly that it could exploit geographical
space and natural resources faster than the population could

_increase., ‘But now, as technology reaches the point of diminishing
returns and begins to run short on space and resources, the
technological "solution' may more and more be only a substitu-
tion of one crisis for another. (page 80)

The book then continues to examine pollution as a possible limit,
food shortage as another possible limit, and crowding as the ultimate limit.,
Those who depend only on technology should ask themsclvcslwhat the next
set of limits will be. Will pursuit of technical goals simply lead to
more intractable pressures in the economic and social sectors? I believe
they will, 1If so, the arguments pfesentcd by the materialistic technologists
will in time be recognized as having been a route to greater social

disorientation.
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J#; Confidence in Capital Accumulation. The technical optimism & ~

is based on the assumption that massive accumulation of capital can solve

all problems. It is often suggested that additional capital investment

can iuciease agriculiuial ouiput, reduce pollution, and use lower grade
iy

resources, This may be true if the capital accumulatlon can and does occur’.
But the optimists do not address themselves to the feasibility of such
massive capital accumulation. Two developing trends suggest that it will

be more difficult than in the past, while, even in the past, capital accumu-
lation has been possible for only that quarter of the world'g population that
has lived under particularly fortuitous circumstances. As environmental
limits are pressed more tightly, the éost of generating capital will increase
at the same time that its marginal productivity declines, Furthermore, as
population continues to grow while production comes under ever heavier
testraint, there will be growing social pressures to divert current produc-
tion into current consumption, As the pressures for medical programs, old
age support, uneﬁployment compensation, and pﬁblic welfare payments mount,
there may be a decllnlnO abllltv for accumulating capital.

v{«il‘ 3
j: R461ng—P rces érlcgs have not been included in the variables

of the World Dvnamics meodel. Many have seen the absence of prices as a
s Pzﬂug&uﬂ ﬁLgTKQ u)lé»»&f‘%x
major weakness, and have asscrred that price mccbanlsmc would ewrtail-use
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imply more effort expended per unit of product, Highef real prices are
equivalent to lower productivity and a félling standard of living. It
mattcls very little to the consumer whether he cannot procure goods because
they are unavailable or because the price is hlghcr than he can afford.
yrlces are intervening variables between supply and demand, they are communi-
cators of shortage, and they encourage the use of more abundant alternatives
for scarce gocds. But prices cannot correct a situation of total demand
exceeding totél supply such as will exist if population and industriali-
zatlon extend bevond the limits of the world env1ronment This viewpoint

’ parallels the U, S. National Academy of Science report of August 3725

Elements of a Natlonal Materials Pollcy, that states, "there was but small

support for the view. that market forces alone Wlll solve thé/;oreseeable
problems."

6. ‘Misinterpretation of Ageregation. An overview of a social

system discards fine detail so that broad issues can be more clearly
accentuated. When this is done, many of the intermediate relationships in
a chain of causality are bmitted. A critic who is accustomed to taking a
narrow subsystem view mav observe the omission of the direct elements of
causality without looking beyond them to see if they aw» adequately repre-
sented by a more fundamental seﬁ of causes, This 'failure to judge from
the appropriate perspective is illustrated by reactions to the demographic

sector of World Dynamics. In the model birth rate depends on the material

standard of living, crowding, pollution, and foéd per capitaf But crities
suggest alternative effects on birth rate without asking whether or not

‘these might in turn be related to the more fundamental variables already
represented in the model. For example, the suggestion is made that social
attitudes and institutional factors affect birth rate. TIndeed they do but are
not themselves apt to be a reflection of the availability of space, food,
material goods, and a satisfactory environment? Sociallattitudes and insti-
tutional factors reflect the self-discipline necessary for man to fit himself

into his enviromment and to the proximity of his fellow man. -

r‘ As a more spec1f1c example, the suggestion has been offered that
&_ ™ wilbyeth rede
the decline in Fronch ieibilrﬁy in the nineteenth century might be due to

)'hU
V! changes in the laws of inheritance, changed social attitudes, and the casier

life that fewer children make possible, But one




economic and political situation to see why the laws were chanéﬁd and the

social attitudes were altered. And what was it in the changing technology

‘and rising'industrialization that made fewer children advantageous? The
1nterven1n° variables that are suggested will often be but mere reflectlons

of tﬁé more fundamental variables,dealt with in World Dynamics.”

—

The revived birth rate in the United States after World War II
and the more recent decline are often alleged to be contrary to the assump-
tions in the computer model, But depressed birth rates in the 1930's
followed by a rise in the 50's and a fall in the late 60's coincides closely
with the varying economic, psychological, and environmental pressures on
the population.

&—-Teehnical Change, The erroncous belief that the World Dyna-

mics model takes no account of technical change is also traceable to lack
of ‘familiarity with models that take a broad overview. Technical change is

represented in the World Dynamics model as parﬁ of capital investment. From

page 53 we find, "Capital includes buildings, roads, and factories. It
also includes education and the results of scientific research, for the
latter are not represented elsewhere in the modé] syvstem and the invest-
ment in them decays at about the same rate as for physical capitai.”
Physical capital, education, and technical advancement have very similar
dynamic behavior. Each, in a real sense, as it interaéts with population,
‘tends to reproduce itself, Physical capital tends to make possible a higher
rate of accumulation of physical captial.  Knowledge makes it possiﬁle to
aé;umulate still more knowledge. Technical accomplishment becomes the — _ _.
foundation for further technical accomplishment. They all, under the proper
circumstances, regenerate themselves in a positive'fecdﬁack loop as in

World Dynamics. Dynamically speaking, they are very similar and can be

aggregated together as a flrst approximation. 1If this had not been done

i v dd vet be pessiélt v Thu wiedel a3 M dees 4o

with some success, how-ot eriise-—would . tne»behuflor of-the-model; “which
starts with conditions of the year 1900,,byhxtéé&£ generate a trajectory
that passes through the conditions of 1970% Certainly the seventy inter-
véning years have been marked by rapid technological change. The several
effects could have been separated and represented individually in the model.
Doing so would have made details easier to describe, but would have obscured

the hroad overall structurec




3. Futility in the Face of Past Traditions. In effect, some

critics plead that we need not address ourselves to the future because
we cannot changé the present traditioms, actions, and value_structures of
society. This is the voice of resignation and hopelessness. But it arises
from misjudging the interest of the public in the longer-term future and
the sensitivity of the public to present omens. The public viewpoint has
changed markedly in tﬁe lgst ten years toward an increasing concern for
environmental issue;; an acceptance of the necessity for ﬁopulation limita-
tion, and a reéégnifion that continued dependeﬁce on technology alone to
?solve problems will produce rapidly intensifying stresses in the nontechnical
aspects of the wofid‘s§steﬁ. I believe the critiecs' futility is unjustified
and that citizeﬁs,~managefs, and political leaders are beginning to recog-
. nize deterioréting interactions between technical, economic, and social

forces as issues to which they must be increasingly responsive.




8. Changed Rules of Debate. Imhihe“pastwmeﬁmhavewdebated-{hefif&igsr@\EJJ

i
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merits—of-mentel-models—and-their_implticatiens—for-the-future-ef-society. ; L0
: : . . . R = L rﬂt&kg‘fuv 1
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srgumente—have-been-equally-vaguer—>aut Computer models of social structure

are explicit, the assumptions have meaning to an ordinary person who has
knowlédge of corresponding parts of the real system, and any concept that

can be expressed in explicit verbal language can be put into computer
language. Translation from ordinary language to c0mpuﬁer language is simpler
than translation between French and English. The gramﬂar is more specific,
the constructions are unambiguous. All statements must be made in quanti-
tative form énd murky thinking is suppressed.

- With a clear and precise statement of assumptions, with an explicit

statement about structure, and with an unassailable presentation of the’

implications of the assumptions as presented in computer output, a new

.figor in debate is called for. Contrary assumptions about structures and
influences should be presented with equal quantitative clarity., It would
then be possible to determine whether or not the alternative suggestions
wouid‘cnange the conclusions., But so rar most critics are stanaing outside
of the new arena. They throw stones at explicit assumptions that ave offered,
but do not risk opening themselves to similar inspection, Although.far
better and more comprehensive models can and will be developed, no one has
yet offered an alternative quantftative model that he suggests is better,

The system dynamics methodology illustrated in World Dynamics

-giﬁeg_é—ﬁew basis for drawing together the interactions between technology,
politics, economics, law, ethics, and religion.* " The interactions between
disciplines account for social behavior much more than influences. from within
any single discipline. System dynamics, by providing a common framework,
allows the interconnections to be established., But more than a systems
methodology is necessary. Knowledge about the subsystems is required. Time
is needed to put-each subsystem into a common framework. As the world

becomes more concested, the interactions become more significant. I1f the
o - ) )

“For a discussion of religion in the context of these issues, sce
my chapter, "Churches at the Transition Betwecen Growth and World Equilibrium
in Teward Global Hguilibrium, Deonis L. Meadows, editor, Wright-Allen Press,

938 Main Street, Cambridre, Mass.; U.S.4

"
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changing patterns of social forces are to be understood and controlled,
the multiple interactions within society must be better understood. This,
I suggest, is the great challenge of the next one or two decades, The task
now is not the gathering of more detailed and elementary information. That
has been going on for years. We are overwhelmed with bits and pieces of
knmale&ge.'

Now is the time to develop concrete theories of how this knowl-

edge is linked together. Computer models are such theories, They

show the interrelationéhips; they allow a derivation of- the consequences;

‘they permit a test of the theories against the evidence from reality.
Toward achieving this better understanding, I suggest that several major
research institutes need to be established, Each should contain men from
every significant field of endeavor. All should amalgamate existing knowl-
edge into unified theoretical structures (computer models), so that we can

better determine the future implications of what we now know and are now

doing. Alternative courses of action could then be evaluated to suggest

roads toward the most acceptable of available futures.

Jay W. Forrester, Germeshausen Professor, Massachusetts Institute
of Technology; recipient of the Valdemar Poulsen Gold Medal from the Danish
Academy of Techniczl Sciences, 1969; Medal of Honor of the Institute of
Electrical and Electronic Engineers, 1972; Benjamin Franklin Fellow of the
Royal Society of Arts, 1972; Award for Outstanding Accomplishment by the
Systems, Man and Cybernetics Society, 1972; author of Industrial Dynamics,
1961, and Urban Dynamics, 1969, (M.I,T. Press, Cambridge, Massachusetts) and
of Principles of Systems, 1968, and World Dynamics, 1971 (both Wright-Allen
Press, Cambridge, Massachusetts, in England through John Wiley.)
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Since the publication of World Dynamicsl in 1971 and the successor

book, Limits to Growth2 by Meadows and others in 1972, an often repeated

set of crltlc;sms haa appeared in reviews and commentarles These reactions
have appeareg\enough-timés to Justlfy analysis and comment.

The two books deal with the dynamic interactions between popula-
tion, capital, matural resources, pollution, and agriculture. They do ,
this through the medium of computer models that have been built to cap-
ture the essence of assumptions that now seem to underlie political decision-
‘making., |

Although the debate involves both World Dynamics and Limits to

Cxcoirch, I will Zo5pond only fu cerws 0f World Dynamics because some or

the comments revclve around specific numerical assumptions that are available
in the earlier book. Although the corresponding numerical and quantitative

/ ol o f
assumptions for Limits to Growth have been available,to sericus research

groups since the spring of 1972, they are not yet at this writing generally
available through a commerical publisher. The use of models in decision-
making is old and familiar. Human‘ﬁhinking depends on models., One does
‘noL have a real 01ty or nation in his head--only Jssumptlons and simplifi-
cations thaﬁfa:e a model Eha;—we—ﬁ£E"tn3tﬂad of the real system. Nations
and the world are now managed entirely on the basis of models. 1He mental
médel starts from various assumptions about the parts of a social sfstem,
draws conclusions about the future dynamic implications of those assumptions,
and goes on to propose modifications of laws and policies that are presumed
to lead toward a better future. The computer modeling process on which

the two books are based is, in general, the same as the mental modeling

rocess, The differences are in degree rather than in kind. The computer
It

1. Forrester, Jay W., World Dynamics, Wright-Allen Press, 238 Main
Street, Cambridge, Mass., U.S.A,
2. Meadows, Donella ‘H., et al, The Limits to Gluutn Universe

Books, 381 Park AVLHUL South, New York.

Copyright (C) 1972 by Jay W. Forrester




model is more clearly stated and its implications can be determined with
mere certainty. -

The. computer model presents its underlying assumptions concretely
and explicitly so that they are ayailagie for criticism and revision. The
assumptions are interrelated in clearly stated ways that divulge the assumed
structure for others to analyze. Because the structure has been made un-

ambiguous and the numerical assumptions have been made quantitative, the

resulting model (which is a theory of social structure) can be used by a

computer to ekpose the behavioral consequences of the assumptions that have
been made. -

Why has the public and preéss given so much attention to these
two books?. Some have attempted an explanation in terms of publicity efforts

by publishers and authours., But World Dynamics was released by a previously

unknown publisher with nothing more than the mailing of literature and
.réview copies. Yet within three months it was being discussed in the daily
press, business periodicals, and in many special-interest publications.
'Clearly, the issues touched on.deep public concerns. 7

Ine resulting controversy has arisen because the computer modeling

process exposes internal contradictions that exist in the currently prevalent
mental models. The computer models are essentially consistent with present
assumptions about major world interactions. The behavior of the models is
consistent with the observed rising social, téchnical, economic, and environ-
mental pressures around the world., But the models come as a shock because
they suggest a future that is quite different from the one our mental -
mpdels have been anficipatiﬁg. The critics seem to.assume that the inconsis-
tency between assumptions and expectations will be resolved by altering
the basic assumptions until models behave in accofdance with our future
hopes. But it has been repeatedly shown that mental models are more
reliable in their basic assumptiouslthan in anticipating future behavior
that follows from the assumptions.

. The reactions to the books seem to rést on nine viewpoints and
attitudes that the critics bring to the subject::

1.  Assuming that analysis of social systems is premature
and hopeless because sufficient information is thought
not to exist,




Seeing the world from a narrow technical and ~-t
istic viewpoint that excludes important social

Addressing only limited physical and economic j
while ignoring the successive layers of limits to ET o il

A sense of impotence toward altering present world atti-
tudes becomes -a sense of futility when the futurec is
discussed.

Believing capital accumulation is the key to the future

in spite of past inability in most cultures to acquire
capital faster than population has grown and in spite of
the rising forces that will lower the marginal productivity
of capital and reduce the social feasibility of more

rapid accumulation. '

'Hoping that market forces and prices can solve the problem
of shortages.

Adopting a narrow disciplinary view so that the degree
of aggregation represented in the models is not inter-
preted correctly.

Failing to perceive correctly the implications of aggre-
gation, leading to the belief that technical progress
has been omitted from the models.

Overlooking the way computer models are changing the
rales of debate oo that vague aud uvuspecilic couplaints
are aadressed to the clear and specific assumptions that
are given in a computer model,

Taking each of these nine points in turn:

1. Analysis Not Possible. It is commonly stzted by academic

critics that analysis of social systems as presented in World Dynamics
should not yet be undertaken because sufficient information is not available.
This is a viewpoint that can be taken only by a critic who is free to stand.

on the sidelines and wait for certainty. It is a rational viewpoint for

the ‘person who need not act and wishes to avoid professional risk. It is, -

however, an alternative that is not available to the manager, the political
leader, or the citizen. We all live now. We 'all act in the present. What
we do br avoid foday determines the.future. We do not have the option of
stopping time while knowledge accumulates, Furthermore, every decision '
that is made is made on the basis of models, Those models are now the
mental models in the heads of citizens, members of parliament, heads of
government, and representatives at the United Nations. 1In general those

mental models are less comprehensive than the models that can now be assembled
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on a computer., They are also less accessible and less spccific. InN\y

contain internal contrJchtlonh hotucun the basic assumptions

and the assumed behavior. The eritic, by sugg gesting that formal moa;ls
should be delayed, implies that he has more confidence in existing mental
models than he could ever have in an explicit formal model. He is saying
that ignorance is bliss. He‘would rather depend on a mental model whose
assumptions are unknown to him than to depend on the best available model
that explicitly states those assumptions. The computer models are now
beginning to compete with the mental models in plausibility and influence.
The proper rejoinder to an explicit computer model should be to offer

equally explicit alternatives and improvements so that our understanding Wi

: . . 2 /L.
of social systems can rapidly advance. z

2. Materialistic Viewpoint; Criticisms have tended to focus'only

on issues of resources; pollution, and capital,  This betrays a narrow
mater ~ialistic perspective that misses the social, pbychologlcal and politi-
cal aspects of existence. .In fact the consequences of rapid technological
change, crowding, pressures on resources, and the need for rising resource
flows From cie underdeveioped couniries Lo susialu ecouomic growlh ifn the
>loped countries, all are manifesting themselves in economic str%?s,
fgcuacida, rising crime rates, drug addiction, and an'increasing proBability
of a third world war., The fundamental issue here arises from the way
that pressurcs created by growth redistribute themselves within the social
system, 1f some of the pressures are relieved, growth continues until
remaining pressures 1ntenslfy k61 ‘other parts of the system.
We know better how to relieve technological pre essures than we do economic
pressures. In turn, we are.more able to deal w1th economic issues than
the social and psycholowlcal issues. Therefore, the tendency is to release
the. technological pressures and allow fu1thcr growth to thft the stgﬁs ;e s
into the cconomic and social realms, Then byg}a¥%ia%}y succee %ﬁafi; ‘the
counteraction of -economic pressures, we make the ultimate transition into
unresolvable social stresses. . In other words, thg narrov materialistic
view that sees solutions to all problems as a@h%eveblem§h£ﬂnah technology

will bée responsible for intensifying psychological and social disturbance.




3. Lavers of Limits. The narrow economic viewpoint tends to

see world problems only in terms of resources and capital accumulation.

Yet the limits to growith exist in a succession of layers. To the extent

=

that the immediate layer can be relaxed, another layer is encountered.

This succession is shown in World -Dynamics where, with the particular

assumptions that were chosen, the first limit to be encountered arises

from resources, Page 73 of World Dynamics, in referring to the resource-

limited mode that results in a population peak in 50 years, states,

. « « the figure should be interpreted as one of the possible
modes of behavior of the world system. One can argue that exhaustion
of natural resources is not the most likely limitation on popu-
lation growth. Actual stocks of natural resources may be greater
than the 250-year supply that has been assumed here. Further-
more, science may make continuing substitutions to delay the
impact of resource shortage. If natural resources do not limit
population growth and slow the pace of industrialization, however,
some other force in the world system will eventually do so.

. « » natural resources may not be the most critical aspect
of the world environment. (page 74) « + .

The effect of reducing the demand for natural resources is
to teke one layer of restraint off the growth forces of the system.

(pagel 25 . o .

« « o [this] teaches a fundamental lesson about complex
systems, When one pressure or difficulty is alleviated, the
result may be merely to substitute a new problem for the old.
Often the new mode is less desirable than the old. 1In parti-
cular, the industrialized societies have come to depend on
technology to solve their problems. This succeeded when techno-
logy was improving so rapidly that it ‘could exploit geographical
space and natural resources faster than the population could
increase. But now, as technology reaches the point of diminishing.
returns and begins to run short on space and resources, the
technological "solution'" may more and more be only a substitu-
tion of one .crisis for another. (page 80)

The book then continues to examine pollution as a possible limit,

food shortsze as another possible limit, and crowding as the ultimate limit,

s

Those who deperd only on technolosy should ﬂSk'thCﬁSDIVOS what the next

set of limits will be. Will pursuit of technical goals simply lead to

more intractable pressures in the economic and social sectors? I believe
they ﬁill. If so, the arguments presented by the materialistic technologists
will in time be recognized as having been a route to greater-social

disorientation.




4, Futility in the Face of Past Traditions. In effect, some

critics plead that we need not address ourselvés to the future because

we cannot change the present traditions, actions, and value structures of
society. This is the voice of resignation and hopelessness. But it arises
from misjudging the interest of tﬂe public in the longer-term future and

the sensitivity of the public to preéent omens. The public viewpoint has
changed markedly in the last ten years toward an increasing concern for
environmental issues, an acceptance of the necessity for population limita-
tion, and a recognition that continued dependence on'techpology alone to
solve problems will. produce rapidly intensifying stresses in the nontechnical
aspects of the world system. I beliéve the critics' futility is unjustified
and that citizens, managers, and political leaders are beginning to recog-
nize deteriorating intefactions between technical, economie, and social
forces as issues to which they must be increasingly responsive.

5. Confidence in Capital Accumulation., The technical optimism

is based on the assumption that massive accumulation of capital can solve

Do

‘all problems. It is often suggested that additional capital investment
ComirEcTeaes agricWicaral Cutpii, feuucé pulsullOi, aud u‘bt‘. lower prade
resources. This may be true if the capital accumulation can and does occur,
But the optimists dc not address themselves to the feasibility of such
massive capital accumulation. Two develbping trends suggest that it will

be more difficult than in- the past, while, even in the past, capital accumu-
lation has been possible for only that quarter of the world‘é population that
has lived under particularly fortuitous circumstances. As-environmental — -
limits are pressed more tightly, the cost of generating capital will increase
at the same time that-its marginal productivity declines., Furthermore, as
population centinues {6 grow while production cémés under ever heavier

. restraint, there will be growing social pressures to divert current produc-
tion into current consumption, ‘As the pressures Vfcr Ii*.odical'prc;‘.ra:‘:!s, old
age support, unemployment compensatfoﬁ, and public welfare payments mount,
there may be a declining capability for accumulating capital.

6., Rising Prices. Prices have not been included in the variables

of the World Dynamics model., Many have seen the absence of prices as a

major weakness, and have asserted that price mechanisms would curtail use

of scarce goods and thereby prevent their disappearance. But rising prices

"
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imply more effort expended per unit of product. Higher real prices are
equivalent to lower productivity and a falling.standard of living., It
matters very little to the consumer whether he cannot procure goods because
they are unavailable or because the priFe is higher than he can afford,
Prices are intervening wvariables between supply and demand, they are communi-
cators of shortage, and they encourage the use of more abundant alternatives
for scarce goods. But prices cannot correct a situation of total demand
exceeding total supply such as will exist if population and industriali-
zation extend beyond the limits of the world enviromment. This viewpoint
parallels the U, S. National Academy of Science report of August 1972,

Elements of a National Materials Policy, that states, '"there was but small

support for the view that market forces alone will solve the foreseeable

problems.,"

7. Misinterpretation of Aggrecation. An overview of a social

system discards fine detail so that broad issues can be more clearly
accentuated. When this is done, many of the intermediate relationships in
ra chain of causality are omittéd. A critic who is accustomed to taking a
narrow’ subsystem view mav observe the omission of the direct elements of
causality without locking beyond them to see if they are adequateiy repre-
sented by a more fundamental set of causes. This failure to judge from

the appropriate perspective is illustrated by reactions to the demographic

‘sector of World Dynamics. In the model birth rate depends on the material
standard of living, crowding, pollution, and food per capita. But critics
sﬁggest alternative effects on birth rate without asking whether or not
these might in turn be related to the more fundamental variables already
represented in the model. For example, the suggestion is made that social
att{tudcs and institutional factors affect birth ra%e. Indeed they do but zre they
not themselves apt to be a reflection of the availability of space, food,
material eoods, and a satisfactory environment? Social attitudes and insti~
tutional factors reflect the self—diétipline necessary for man to fit himself
into his environment and to the proximity of his fellow man.

As a more specific example, the suggestion has been offered that
the decline in French fertility in the nineteenth century might be due to

changes in the laws of inheritance, changed social attitudes,.and the easier

life that fewer children make possible, . But one should look back into the
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cconomic and political situation to see why the laws were changed and the
social attitudes were altered., And what was it in the changing technology

and rising industrialization that made fewer children advantageous? The
intervening variables that are suggestdd will often be but mere reflections | /

/

of the more fundamental variables dealt with in World Dynamics.

WA By,

The revived birth rate in the United States after World War II

and the more recent decline are often alleged to be contrary to the assump- ;fQ'K?;..‘

tions in the computer model. But depressed birth rates in the 1930's’ @z ",

followed by a rise in the 50's and a fall in the late 60's coincides closely:”

Vi 17 é{c

with the varying economic, psychological, and environmental pressures on
the population, 2 e

8. Technical Change. The erroneous belief that the World Dyna- £

mics model takes no account of technical change is also traceable to lack
of familiarity with models that take a broad overview. Technical change is 4

represented in the World Dynamics model as part of capital investment. From

page 53 we find, "Capital includes buildings, roads, and factories, It
"slso includes education and the results of scientific research, for the
latier axe net "ffrévnvf?ﬂ el spithers 4n tha wodal eygten snd tha Inveets
ment in them decays at about the same rate as for physical capital."
Physical capital, education, and technical advancement have very similar v
dynamic behavior, Each, in a real sense, as it interacts with population, ; 4
tendsrfo reproduce itself., Physical capital tends to maike possible a higher
rate.of accumulation of physical captial. . Knowledge makes it possiﬁle to
accumulate still more knowledge. Technical accomplishment. becomes the .
foundation for further technical accomplishment. They all, under the proper
éirqumstances, regenerate themselves in a positivélfeedﬁack loop as in

World Dynamics. Dynamically speaking, they are very similar and can be

fele)

ageregated together as a first approximation, If this had not been done
with some success, how otherwise ;bujd the Pcﬁﬁéior of fho model, which
starts with conditions of the year 1900,7by itself generate a trajectory
that passes through the conditions of 19707 Certainly the seventy inter-
véniﬁg years have been marked by rapid technological change. The several
effects could have been separated and represented individually in the model.
Doing so would have made details easier to describe, but.would have obscured

the broad overall structure of world interactions.




9. Changed Rules of Debate. In the past men have debated the

merits of mental models and their lmpllcatlons for the future of souleLy

But the under]ylnD assumptions have seldom been,m;de spc01£1c and the
arguments have been equally vague. But computer models of social structure
are expllcnt,|the assumptions have meaning to an ordinary person who has
knowledge of corresponding parts of the real systemy ny concept that

can be expressed in explicit verbal language can be put into computer
language. Translation from ordinary language to computer language is simpler
than translation between French and English., The grammar is more specific,
the constructions are unambiguous. All statements must be made in quanti-
tative form and murky thinking is suppressed.

With a clear and precise statement of assumptions, with an explicit
statement about structure, and with an unassailable presentation of the’
implications of the assumptions as presented in'computer output, a new
rigor in debate is called for.. Contrary assumptions about structures and
influences should be presented with equal quantitative clarity. It would
then be possible to determine whether or not the alternative suggestions
would change the comelusions, But 50 far mesl erities ave slanding oulside
of the new arena, They throw stones at explicit assumptions that ai? offered,
Pbut do not risk opening themselwves to similar inspection. Although:far
better and more comprehensive models can and will be developed, no one has
yet offered an alternative quantitative model that he suggests is better.

The system dynamics methodology illustrated in World Dynamics

_gives a new basis for drawing together the interactions between technology, -

politics, economics, law, 'ethics, and religion.* "The interactions between

disciplines account for social behavior much more than influences.from within

any single discipline. Sy< tem dynamics, by providimg a common framework,
allows the interconnections to be established. But more than a systems
methodology is Knowledge about the subsystems is required. Time

is necded to put,cach subsystom into a common framework. As the world

becomes more congested, the interactions become more significant. If the

- %Tor a discussion of religion in the context of these issues, sce
my chapter, "Churches at the Transition Between Growth -and World Equilibrium'
in Toward Global Equilibrium, Dennis L, Meadows, editor, Wright-Allen Press,
238 Maim Street, Cambridge, Mass., U.S.A, :




changing patterns of social forces are to be understood and controlled,
the multiple interactions within society must be better understood. This,
I suggest, is the great challenge of the next one or two decades., The task
now is not the gathering 'of more detailed and elementary information., That
has been going on for years. We are overwhelmed with bits and pieces of
1{11oz.sflec‘1lge ’

Now is the time to develop concrete theories of how this knowl-
edge is 1inked-together. Computer models are such theories. They
show the interrelationships; they allow a derivation of-the consequences;

"they permit a test of the theories against the evidence from reality.

Toward achieving this better understanding, I suggest that several major
research institutes need to be established. Each should contain men from
every significant field of endeavor. All should amalgamate existing knowl-
edge into unified theoretical structures (computer models), so that we can
better determine the future implications of what we now know and are now

doing. Alternative courses of action could then be evaluated to suggest

roads toward the most acceptable of available futures.

Jay W. Forrester. Germeshausen Professor, Massachusetts Institute
of Technology; recipient of the Valdemar Poulsen Gold Medal from the Danish .
Academy of Technical Sciences, 1969; Medal of Homor of the Institute of
Electrical and Electronic Engineers, 1972; Benjamin Franklin Fellow of the
Royal Society of Arts, 1972; Award for Outstanding Accomplishment by the
Systems, Man and Cybernetics Society, 1972; author of Industrial Dynamics,
1961, and Urban Dynamics, 1969, (M.I.T. Press, Cambridge, Massachusetts) and
of Pr1uc1plcs of Systems, 1968, and World Dynamiecs, 1971 (both erghL -Allen
Press, Cambridge, Massachusetts, in England thr ov“h John Wiley.)
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On Criticisms of World Dynamics

Since the publication of World Dynamicsl in 1971 and the successor

book, Limits to Growth2 by Meadows and others in 1972, an often repeated
~set of criticisms has appeared in reviews and commentaries. These reactions
have appeared enough times to justify analysis and comment.

The two books deal with the dynamic interactions between popula-
tion, capital, natural resources, pollution, and agriculture. They do
this.throﬁgh the medium of computer medels that have been built to cap-
ture the essence of assumptions that now seem to underlie bolitical decision-
making.

Although the debate involves both World Dynamics and Limits to
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the comments revolve around specific numerical assumptions that are available

in the earlier book., Although the corresponding numerical and quantitative :7;{
Gy'o/_

assumptions for Limits to Growth have been available to serious research,;’r‘
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available through a commerical publisher// The use of models in decision-
making is old and familiar. Human thinking depends on models. One does So

not have a real city or mation in his head--only assumptions and simplifi-
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cations that are a model that we use instead of the real system. Nations

and the world are anaged entirely on the basis of "qodels The mental ké"
tuey ot s UcaI

modeL starts from various assumptlonq about the parts of a social system,

draws conclusions about the future dynamic implications of those assumptions,

and goes on to propose modifications of laws and policies that are presumed

to lead toward a better future, The computer modeling process on which

the two books are based is, in general, the same as the mental modeling

process. The differences'are in degree rather than in kind. The computer

1. Forxester, Jay W., World Dynamlc Wright-Allen Press, 238 Main
Street, Cambridge, Mass., U.S.,A. '

2. Meadows, Donella H., et al, The le:ts to Growth, Universe
Books, 381 Park AV&HUL South, New York.
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model is more clearly stated and its implications can be determined with

more certainty.

The computer model presents its underlying assumptions concretely

and explicitly so that they are available for criticism and revision. The
assumptibns are interrelated in clearly stated ways that divulge the assumed
structure for others to anaiyze. Because the structure has been made un-
ambiguous and the numerical assumptions have been made quantitative, the
resulting model (which is a theory of social structure) can be used by a
computer to expose the behévioral consequences. of the assumptions that have
been made. .

Why'has the public and press given so much attention to these
‘two books? Some have attempted an explanation in terms of publicity efforts

by publishers and authgrs., But World Dynamics was released by a previously

unknown publisher with nothing more than the mailing of literature and

revieﬁ copies, Yet within three months it was being discussed in the daily

. press, business periodicals, and in many special-interest publicationms.
Clearly, the issues touched on deep public concerns.

' Ihe resulting controversy has arisen because the computer modeling
process exposes internal contradictions that exist in the currently %revalent
ﬁental models. The computer models are essentially consistent with_present
assumptioné about major world interactions. The behavior of the models is
consistent with the observed rising social, technical, economic, and environ-
mental pressurés around the world. But the models come as a shock because
they suggest a futuré that is quite‘different from the one our mental
models have been anticipating. The critics seem td.assume thaf thé inconsis-
tency between assumptions and expectations will be resolved by altering
the basic assumptions until models behave in accordance with our fﬁture
hopes. But it has been repeatedly shown that mental models are more
reliable in their basic assumptions than in anticipating future behavior
that follows from the assumptions.

The reactions to the books seem to rest on nine viewpoints and
attitudes that the critics bring to the subject:

1. Assuming that analysis of social systems is premature
and hopeless because sufficient information is thought
not te exist.




Seeing the world from a narrow technical and material-
istic viewpoint that excludes important social forces.

Addressing only limited physical and economic issues
while ignoring the successive layers of limits to growth.

A sense of impotence toward altering present world atti-
tudes becomes a sense of futility when the future is
discussed.

Believing capital accumulation is the key to the future F

in spite of past inability in most cultures to acquire

capital faster than population has grown and in spite of

the rising forces that will lower the marginal productivity 0y|5p“4£
of capital and reduce the social feasibility of more -
rapid accumulation.

Hoping that market forces and prices can solve the problem
of shortages.

Adopting a narrow disciplinary view so that the degree
of aggregation represented in the models is not inter-
preted correctly,

Failing to perceive correctiy the implications of aggre-
gation, leading to the belief that technical progress
has been omitted from the models.

Overlooking the way computer models are changing the
rules of debate so that vague and nonsnecific comnlainteg
are addressed to the clear and specific assumptions that
are given in a computer model.

Téking each of these nine peints in turn:

1. Analysis Not Possible, It is commonly stated by academic

critics that analysis of social systems as. presented in World Dynamics t&iﬂ

sﬁould not yet be undertaken because sufficient information is not avéilable; F&A*
This is a viewpoint that can be taken only by a critic who is free to stand ‘is
on the sidelines and wait for certainty. It is a‘fatiohal viewpoint for 5qﬂﬂ.
the.person who need not act and wishes to avoid professional risk. It is,

however, an alternative that is not available to the manager, the political

leader, or the citizen, We all live now. We all act iﬁ the present. What

we do or avoid today determines the'fﬁture. We do not have the option of

stopping time while knowledge accumulates, Furthermore, every decision

that is made is made on the basis of models, Those models are now the

mental models in thé heads of citizens, members of parliament, heads of

government, and representatives at the United Nations, In general those

mental models are less comprehensive than the models that can now be assembled




and put on a computer., They are also less accessible and less specific., In
addition they contain internal contradictions between the basic assumptions
and the assumed behavior. The critic, by suggesting that formal models
should be delayed, implies that he has more confidence in existing mental
models than he could ever have in an explicit formal model. He is saying
that ignorance is bliss, He would rather depend on a mental model whose
assumptions are unknown to him than to depend on the best available model
that explicitly states those assumptions. The computer models are now
beginning to compete with the mental models in plausibility and influence.
The proper rejoinder to an explicit computer model should.be to offer
equally explicit alternatives and improvements so that our understanding
of social systems can rapidly advance.

2. - Materialistic Viewpoint. Criticisms have tended to focus only

on ‘issues of resources; pollution, and capital. This betrays a narrow
‘materialistic perspective that misses the sociél, psychological, and politi-
cal aspects of existence. In fact the consequences of rapid technological
‘change, crowding, preséures on resources, and the need for rising resource
flows from fthe nﬂﬁovdGVHTnpeH countries to gsuetain econnmic growth in the
developed countries, all are manifesting themselves in economic stress,
genocide, rising crime rates, drug addiction, and an increasing probability
of a third world war, The fundamental issue here arises from the way

that ﬁfessures created by growth redistribute themselves within the social

system. If some of the pressures are relieved, growth continues until

remaining pressures intensify in other parts-of the system, -— — —

We know better how to relieve technological pressures than we do economic
ﬁregsures. In turn, we are more able to deal withleconémic issues than

the social and psychological issues, Therefore, the tendency is to release
the technological pressures and allow further growth to shift the stresses
into the economic and social realms., Then by fértially éuccéeding in the
counteraction of economic pressures, we make the ultimate transition into
unresolvable social stresses. 1In other words, the narrow materialistic
view that sees solutions to all problems as achievable through technology

will be responsible for intensifying -psychological and social disturbance.
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3. Layers of Limits, The narrow economic viewpoint tends to

see world problems only in terms of resources and capital accumulation.

Yet the limits to growth exist in a succession of layers. To the extent’
that the immediate layer can be relaxed, another layer is encountered.

This succession is shown in World Dynamics where, with the particular

assumptions that were chosen, the first limit to be encountered arises

from resources, Page 73 of World Dynamics, in referring to the resource-

limited mode that results in a population peak in 50 years, states,

« « o the figure should be interpreted as one of the possible
modes of behavior of the world system. One can argue that exhaustion
of natural resources is not the most likely limitation on popu-
lation growth. Actual stocks of natural resources may be greater
than the 250-year supply that has been assumed here, Further-
more, science may make continuing substitutions to delay the
impact of resource shortage., If natural resources do not limit
population growth and slow the pace of industrialization, however,
some other force in the world system will eventually do so,

. « . natural resources may not be the most critical aspect

of the world environment. (page 74) « « -

The effect of reducing the demand for natural resources is

teke one layer of restraint off the grewth forces ef the =j
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. « « [this] teaches a fundamental lesson about complex
systems, When one pressure or difficulty is alleviated, the
result may be merely to substitute a new problem for the old.
Often the new mode is less desirable than the old. In parti-
cular, the industrialized societies have come to depend on
technology to solve their problems. This succeeded when techno-
logy was improving so rapidly that it could exploit geographical
space and natural resources faster than the population could
increase. But now, as technology reaches the point of diminishing
returns and begins to run short on space and resources, the
technological "solution" may more and more be .only a substitu-
tion of one crisis for another. (page 80)

The book then continues to examine pollution as a possible limit,
food shortage as another possible limit, and crowding as the ultimate limit.
Those who depend only on technology.should ask themselves what the next |
set of limits will be., Will pursuit of technical goals simply lead to
mere -intractable pressures in the economic and social sectors? I believe

they will., If so, the arguments presented by the materialistic technologists

will in time be recognized as having been a route to greater social

disorientation,




4., Futility in the Face of Past Traditions. In effect, some

critics plead that we need not address ourselves to the future because

we cannot change the present traditions, actions, and Vélﬁe st;uctures of
society. This is the voiée of resignation and hopelessness, But it arises
from misjudging the interest of the public in the longer-term future and

the sensitivity of the public to present omens. The public viewpoint has
changed markedly in the last ten years toward an increasing concern for
environmental issues, an acceptance of the necessity for pbpulation limita-
tion, and a recognition that continued dependence on technology alone to
'solve problems will produce rapidly intensifying stresses in the nontechnical
aspects of the world system. I believe the critics' futility is unjustified
and that citizens, managers, and political leaders are beginning to recog-
nize deteriorating interactions between technical, economic, and social
forces as issues to which they must be increasingly responsive.

5. Confidence in Capital Accumulation. The technical optimism

is based on the assumption that massive accumulation of capital can solve
all problems, It is often suggested that additional capital investment
can iuciease agricultusal vuipub, reduce pollucion, and use lower grade

resources. This may be true if the capital accumulation can and does occur.

But the optimists do not address themselves to the.feasibility of such

massive capital accumulation. Two developing trends suggest that it will
be more difficult than in the past, while, even in the past, capital accumu-
lation has been possible for only that quarter of the world's population that
has lived under particularly fortuitous circumstances, As envirommental
limits are pressed more tightly, the cbst of generating capital will increase
at the same time that its marginal productivity declines; Furthermore, as
population continues to grow while production comés undef ever heavief
restraint, there will be growing sociél pressures to divert current produc-
tion into current consumption, As the pressures for medical programs, old
age support, unemployment compensation, and public welfare payments mount,
there may be a declining capability for accumulating capital.-

6. Rising Prices. Prices have not been inrcluded in the variables
of the World Dynamics model. Many have seen the absence of prices as a
major weakness, and have asserted that price mechanisms would curtail use

of scarce goods and thereby prevent their disappearance. But rising prices




imply more cffort expended per unit of product. | Higher real prices are
equivalent to lower productivity and a falling %tandard of living. It
matters very little to the consumer whether he cannot procure goods because
they are unavailable or because the price is higher than he can afford.
Prices are intervening variables between supply and demand, they are communi-

cators of shortage, and they encourage the use of more abundant alternatives\:] A‘J
Wey
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for scarce goods., But prices cannot correct a situation of total demand

zation extend beyond the limits of the world enviromment. This viewpoint

exceedi'ng total supply such as will exist if population and industriali- H‘J [,
Owv<

parallels the U. S. National Academy of Science report of August 1972, hu wldd

Elements of a National Materials Policy, that states, '"there was but small ihrl“anr
support for the view that market forces alone will solve the foreseeable
problems."

7. Misinterpretation of Agegregation. An overview of a social

system discards fine detail so that broad issues can be more clearly
accentuated. When this is done, many of the intermediate relationships in
.a chain of causality are omitted. A critic who is.accustomed to taking a
LaLL oW SuLsysiciu view may observe ine uvmission of the direct elements or
causality without looking beyond them to see if they are adequateiy rebre-
sented by a more fundamental set of causes. This failure to judge from

the appropriate perspective is illustrated by reactions to the demographic

sector’ of World Dynamics., In the model birth rate depends on the material
standard of living, crowding, pollution, and food.per capita, But critics
suggest alternative effects on birth rate without asking whether or not
thése might in turn be related to the more fundamental variables already
represented in the model. For example, the suggestion is made that social X
attftudes and institutional factors affect birth raée. Indeed they do but are they
- not themselves apt to be a reflection of the availability of space, food,
material goods, and a satisfactory enviromment? Social attitudes and insti-
tutional factors reflect the self—diécipline necessary for man to fit himself
into his enviromnment and to the proximity of his fellow man.

As a more specific example, the suggestion has been offered that
the decline in French fertility in the nineteenth century might be due to
changes in the laws of inheritance, changed social attitudes, and the easier

life that fewer children make possible, . But one should lock back into the

|




economic and political situation to see why the laws were changed and the
social attitudes were altered. And what was it in the changing technology
and rising industrialization that made fewer children advantageous? The .
intervening variables that are suggested will often be but mere reflections

of the more fundamental variables dealt with in World Dynamics.

The revived birth rate in the United States after World War II

and the more recent decline are often alleged to be contrary to the assump- x:J(f)&uv
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tions in the computer model. But depressed birth rates in the 1930's shart fere
followed by a rise in the 50's and a fall in the late 60'.8 coincides closely .Vl’iic_ :
with the varying economic, psychological, and environmental pressures on
the population, :

8. Technical Change. The erroncous belief that the World Dyna-

mics model takes no account of technical change is also traceable to lack
of familiarity with models that take a broad overview. Technical change is

represented in the World Dynamics model as part of capital investment. From

page 53 we find, "Capital includes buildings, roads, and factories. It

‘also includes education and the results of scientific research, for the

latter are not re?reSﬁnted elsewhere in the modeal svstem and the inwvest- i
ment in them decays at about the same rate as for physical capital." - -
Physical capital, education, and technical advancement have very similar :]‘}L'"L(
dynamic behavior. Each, in a real sense, as it interaéts with population, an}‘hdF
fends to reproduce itself, Physical capital tends to make possible a higher

rate of accumulation of physical captial. .Knowledge makes it possiﬁle to

accumulate still more knowledge., Technical accomplishment.becomes the = h“ibu rh
foundation for further technical accomplishment, They all, under the proper Iﬂd}avc’"

circumstances, regenerate themselves in a positive feedback loop as in o *cciﬁu,hjr

| World Dynamics. Dynamically spesking, they are very similar and can be |¥4"HAL hhnj

aggregated together as a first approximation, -I_f this had n?t been done GL {-Co'ﬂ'v“‘l’”
with some success, how otherwise would the behavior of the model, which FL wA
starts with conditions of the year 1900, by itself generate a trajectory_ Vﬁ{ACUI-
that passes through the conditions of 1970? Certainly the seventy inter-
veéning years have been marked by rapid technological change. The several Clﬂdjkvzﬁuﬁ.
effects could have Been separated and represented individually in the model.

Doing so would have made details easier to describe, but would have obscured

the broad overall structure of world interactions.




9. Changed Rules of Debate, In the past men have debated the

merits of mental models and their implications for the future of SOCiety.

But the underlying assumptions have seldom been made speci%ié and the
arguments have been equally vague. But computer models of social structure
are explicit, the assumptions have meaning to an ordinary person who has
knowledge of corfesponding parts of the real system, and any concept that
can be expressed in explicit verbal language éan be put into computer
language. Translation from ordinary language to computer language is simpler
than translation between French and English. The grammar is more specific,
the constructions are unambiguous, All statements must be made in quanti-
tativé form and murky thinking is suppressed.

With a clear and precise statement of assumptions, with an explicit
statement about structure, and with an unassailable presentation of the:
implications of the assumptions as presented in computer output, a new
rigor-in debate is called for. Contrary assumptions about structures and
influences should be presented with equal quantitative clarity. It would
then be possible to determine whether or not the alternative suggestions
would chsnee the conclusiens. But so f2r mort critices are standigg cutside
of the new arena. They throw stones at explicit assumptions that are offered,
but do not risk opening themselves to similar inspection.. Although far
better and more comprehensive models can and will be developed, no one has
yet offered an alternative quantitative model that he suggests is better.

The system dynamics methodology illustrated in World Dynamics

gives a -new basis for drawing together the interactions between technology,
politics, economics, law, ethies, and religiénl* The interactions between
disciplines account for social behavior much more than influences from within
any single discipline. 'System dynamics, by providing a common framework,
allows the interconnections to be established., But more than a systems
methodology is necessary. Knowledge about the subsystems is required, Time
is needed to put eﬁch subsystem into a common framework. As the world

becomes more congested, the interactions become more significant. If the

“For a discussion of religion in the context of these issues, see
my chapter, "Churches at the Transition Between Growth and World Equilibrium'
in Toward Global Equilibrium, Dennis L., Meadows, editor, Wright-Allen Press,
238 Main Street, Cambridge, Mass., U.S.A,




changing patterns of social forces are to be understood and controlled,
the multiple interactions within society must he better understood., This,
1 suggest, is the great éhallenge of the next one or two decades. The tagsk
now is not the gathering of more detailed and elementary information, That
has been going on for years. We are overwhelmed with bits and pieces of
knowledge;

Now is the time to develop comncrete theories of how this knowl-
edge isllinked together., Computer models are such theories. They

show the interrelationships; they allow a derivation of the consequences;

they permit a test of the theories against the evidence from reality.

Toward achieving this better understanding, I suggest that several major
research institutes need to be established. FEach should contain men from
every significant field of endeavor., All should amalgamate existing knowl-
edge into unified theoretical structures (computer models), so that we can
‘better determine the future implications of what we now know and are now
doing. Alternative courses of action could then be evaluated to suggest

roads toward the most acceptable of available futures.
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