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INDUSTRIAL LOCATION POLICY 

WEDNESDA Y , OCTOBER 7, 1970 

HousE OF REPRESENTATIVES, 
Ao Hoc SuncoMMITIEE ON URBAN GROWTH OF THE 

CoMMI'ITEE ON BANKING AND CURRENC'Y, 
lYashington, D.O. 

The subcommittee met, pursuant to recess, at 10 :20 a.m., in room 
2222, Rayburn House Office Building, Hon. Thomas L. Ashley ( chair­
man of the subcommittee) presiding. 

Present: Representative Ashley. 
Also present: Laurance G. Henderson, and Casey Ireland, profes­

sional staff members. 
Mr. AsHLEY. The subcommittee will come to order. 
Our witness this morning is Dr.Jay W . Forrester, professor of man­

agement at :Massachusetts Institute of Technology. 
Professor Forrester is a member of the National Academy of Engi­

neering, and a fellow of the Institute of Electrical and Electronics 
Engineers and the American Academy of Arts and Sciences. He is a 
director of the ALZA Corp. He received the B.S. degree from the Uni­
versity of Nebraska and the S.:M. degree from :MIT and has been 
awarded honorary doctorate degrees in engineering from the Univer­
sity of Nebraska and in science from Boston University. In 1968 he 
received the Inventor of the Year Aw·ard from George vVashington 
University and in 1969 the Valdemar Poulsen Gold Medal from the 
Danish Academy of Technical Sciences. His book "Industrial Dyna­
mics" received the Academy of :.Management A ward in 1962 and his 
"Urban Dynamics" was chosen as best publication in 1969 by the Orga­
nization Development Council. 

Dr. Forrester has written extensively- and is the holder of a number 
of patents. He is an eminent witness and we ceirtainly are pleased to 
have you with us this morning. I must say I remember reading the 
piece in the New York Times of a year or so ago which traced your 
very interesting course telling the reader of your change in "·hat ap­
peared to be essential interest from the more technical pursuits to that 
of urban problems. And so it is certainly a particular pleasure, Dr. 
Forrester, as I say, to have you here. Why don't you proceed in any 
way you wish. 

STATEMENT OF DR. JAY W. FORRESTER, PROFESSOR OF MANAGE­
MENT, MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

Dr. FORRESTER. I have a prepared statement, reading of which will 
probably take about an hour. I would be happy to have interruptions. 
I think it would be a good background for any questions you may have 
later. Shall I proceed? 

(205) 

The testimony given here was taken from "Counterintuitive Behavior of Social Systems," copy­
right © 1970 by Jay W. Forrester. 



206 

Mr. ASHLEY. By all means. Please. 
Dr. FORRESTER. My comments address several issues of interest to 

this subcommittee: 
1. Population trends in the United States. 
2. Quality of urban life. 
3. National policy for urban growth. 
4. Unexpected, ineffective, or detrimental results often gener­

ated by Government programs. 
The Nation exhibits a growing sense of futility as it repeatedly at­

tacks deficiencies in our social system while the symptoms continue to 
worsen. Legislation is debated and passed with great promise and 
hope. But many programs prove to be ineffective. Results often seem 
unrelated to those expected when the program~ were planned. At 
times programs cause exactly the reverse of desired results. 

Today I hope to explain how such cont~ary resul~s can happen. 
Until ,ve come to a much better understandmg of soe1al systems, we 
should expect that attempts to develop corrective programs will con­
tinne to disappoint us. There are fundamental reasons why people 
misjudge the behavior of social systems. Ther~ are: ~rderly processes at 
work in the creation of human judgment and 1ntmt10n that frequ~~11tly 
lead people to wrong decisions when faced with complex and highly 
interacting systems. . . . 

It is premature this mornmg to give answers to the maJor q~1es­
tions that face you. But I hope to show why some of_ these quest10ns 
have been misjudged in the past. I hope to leave with you a sense 
of caution about continuino- to depend on the same past approaches 
that have led to our prese;t feeling of frustration. On the positive 
side, I will suggest an approach which can eventually lead to a bet~er 
understanding of our social system and thereby to more effective 
policies for guiding the future. 

A NEW APPROACH TO SOCIAL SYSTEMS 

It is my basic theme that the human m~nd is not adapted to interpret­
ing how social systems behave. Our soe1al systems belong to _the class 
called multiloop nonlinear feedback systems. In the long lustory of 
evolution it has not been necessary for man to understand these systems 
until very recent histo~ical times. Evolutiona~y processes have n?t 
o-iven us the mental skill needed to properly mterpret the dynamic 
behavior of the systems of_ which we have n<?w become a_ part. " . 

In addition, the social sciences have fallen into some mis~aken sci­
entific" practices which compound man's natural shortcommgs. Com­
puters are often being used for what _the computer d~s p~orly_ and the 
human mind does well. At,the same time the human mmd is bemg used 
for what the human mind idoes poorly and th~ comruter does w_ell. 
Even worse, impossible tasks are attempted while acluevable and im-
portant goals are ignored. . . 

Until recently there has been n<_> way_to es~imate the behavior o:f so­
cial systems except by contemplafaon, disc"!lss10n, argument,_ and guess­
work. To point a way out of our prese1?-t dilemma about soe1al systems, 
I will sketch an approach that combmes the strength o:f t~e human 
mind and the strength of today's computers. rrihe approach 1s an out-
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growth of developments over the last 40 years, in which much of the 
researc\h h~s been at the Massaclu~setts Institute <_>f Technology. The 
concepts of feedback system behaVIor apply sweepmgly from physical 
systems through social systems. The ideas were first developed. and 
applied to engineering systems. They have now reached practical 
usefulness in major aspects of our social systems. 

I am speaking of what has come to be called "industrial dynamics." 
The name is a misnomer because the methods apply to oomplex sys­
tems regardless of the field in which they are located. A more appropri­
ate name would be "system dynamics." In our own work, applications 
have been made to corporate policy, to the dynamics of diabetes as a 
medical system, to the growth and stagnation of an urban area, and 
most recently to world dynamics representing the interactions of pop­
ulation, pollution, indllstrializaition, natural resources, and food. Sys­
tem dynamics, as an extension of the earlier design of physical systems, 
has been under development at MIT sinoe 19,56. The approach is easy 
to understand but difficult to practice. Few people have a high level 
of skill; but preliminary work is developing all over tlhe world. Some 
European countries and especially Japan have begun centers of educa­
tion and research. 

COMPUTER MODELS OF SOCIAL SYSTEMS 

People would never attempt to send a spaceship to the moon without 
first testing the l'4uipment by constructing prototype models and by 
computer simulation of the anticipated space trajectories. No company 
would put a new kind of 'household appliance or electronic computer 
into production without first making laboratory tests. Such models 
and laboratory tests do not guarantee against failure, but they do iden­
tify many weaknesses which can then be corrected before they cau8e 
full -scale disasters. 

Our social systems are far more complex and harder to understand 
than our technological systems. Why; then, do we not use the same ap­
proach of making models of social systems and conducting laboratory 
experiments on those models before we try new laws and Government 
programs in real l1ife? The answer is often stated that our lmowledge 
of social systems is insufficient for constructing useful models. But 
what justification can there be for the apparent assumption that we do 
not know enough to construct models but believe we do know enough 
to direotly design new social systems by passing laws and starting new 
social programis? I am suggesting that we now do know enough to make 
useful models of social systems. Conversely, we do not know enough 
to design the most effootive social systems directly without first going 
tJhrough a modelJbuilding experimental phase. But I am confident, and 
substantial supporting evidence is beginning to accumulate, that tihe 
proper use of models ·of social systems can lead to far better systems, 
and to laws and programs that are far more effective than those. oreatekl 
in the past. 

It is now possible to construct in the laboratory realistic models of 
social systems. Such models are simplifications of the actual social 
system but can be far more comprehensive than the mental models that 
we otherwise use as the basis for debating governmental action. 
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Before going further, I should emphasize that there is nothing 
new in the use of models to represent social systems. Each of you 
uses models constantly. Every person in his private life and in his 
business life instinctively uses models for decisionmaking. The 
mental image of the world around you which you carry in your 
head is a model. One does not have a city or a government or a coun­
trv in his head. He has only selected concepts and relationships 
which he uses to represent the real system. A mental image is a 
model. All of our decisions are taken on the basis of models. All 
of our laws are passed on the basis of models. All executive actions 
are taken on the basis of models. The question is not to use or ignore 
models. The question is only a choice among alternative models. 

The mental model is fuzzy. It is incomplete. It is imprecisely 
stated. Furthermore, within one individual, a mental model changes 
with time and even during the flow of a single conversation. The 
human mind assembles a few relationships to fit the context of a 
discussion. As the subject shifts so does the model. vVhen only a 
single topic is being discussed, each participant in a conversation 
employs a different mental model to interpret the subject. Funda­
mental assumptions differ but are never brought into the open. 
Goals are different and are left unstated. It is little wonder that com­
promise takes so long. And it is not surprising that consensus leads to 
laws and programs that fail in their objectives or produce new diffi­
cutlies greater than those that have been relieved. 

For these reasons we stress the importance of being explicit about 
assumptions and interrelating them in a computer model. Any con­
cept or assumption that can be clearly described in words can be in­
corporated in a computer model. When done, the ideas become clear. 
Assumptions are exposed so they may be discussed and debated. 

But the most important difference between the properly conceived 
computer model and the mental model is in the ability to determine 
the dynamic consequences of what will happen when the assumptions 
within the model interact with one another. The human mind is not 
adapted to sensing correctly the consequences of a mental model. The 
mental model may be correct in structure and assumptions but, even 
so, the human mind, either individually or as a group consensus, is 
most apt to draiw the wrong conclusions. There is no doubt about 
the digital computer routinely and accurately tracing through the 
sequences of actions that result from following the statements of 
behavior for individual points in the model system. This inability 
of the human mind to use its own mental models is clearly shown 
when a computer model is constructed to reproduce the assumptions 
held by a single person. In other words, the model is refined until 
it is fully agreeable in all its assumptions to the perceptions and 
ideas of a particular person. Then, it usually happens that the sys­
tem that has been described does not act the way the person antici­
pated. Usually there is an internal contradiction in mental models 
between the assumed structure and the assumed future consequences. 
Ordinarily the assumptions about structure and internal motiva­
tions are more nearly correct than are the assumptions about the 
implied behavior. 
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The kind of computer models that I am discussing are strikingly 
similar to mental models. They are derived from the same sources. 
They may be discussed in the same terms. But computer models 
differ from mental models in important "·ays. The computer ;models 
are stated explicitly. The "mathematicaF' notation that is used for 
describing the model is unambiguous. It is a language that is clearer 
and more precise than the spoken languages like English or French. 
Computer model language is a simpler language. Its advantage is in 
the clarity of meaning and the simplicity of the language syntax. 
The language of a computer model can be understood by almost 
nnyone, regardless of educational background. Furthermore any con­
cept and relationship that can be clearly stated in ordinary language 
can be translated into computer model language. 

There are many approaches to computer models. Some are naive. 
Some are conceptually and structurally inconsistent with the nature 
of actual systems. Some are based on methodologies for obtaining in­
put data that commit the models to omitting major concepts and re­
lationships in the psychological and human reaction areas that we all 
know to be crucial. "\Vith so much activity in computer models and 
with the same terminology having different meanings in the different 
approaches, the situation must be confusing to the casual observer. 
The key to success is not in having a computer. The important thing is 
how the computer is used. With respect to models, the key is not to 
computerize a model, but instead to have a model structure and rela­
tionships which properly represent the system that is being considered. 

I am speaking here of a kind of computer model that is very differ­
ent from the models that are now most common in the social sciences. 
Such a computer model is not derived statistically from time-series 
data. Instead, the kind of computer model I •am discussing is a state­
ment of system structure. It contains the assumptions being made 
about the system. The model is only as good as the expertise which 
lies behind its formulation. Great ,and correct theories in physics or 
in economics are few and far between. A great computer model is 
distinguished from a poor one by the degree to which it captures more 
of the essence of the social system that it presumes to represent. Many 
mathematical models are limited because they are formulated by tech­
niques and :according to a conceptual structure that will not accept 
the multiple-feedback-loop and nonlinear nature of real systems. Other 
models are defective because of lack of knowledge or deficiencies of 
perception on the part of the persons who have formulated the model. 

But a recently developed kind of computer modeling is now begin­
ning to show the characteristics of behavior of actual systems. These 
models explain why we are having the present difficulties with our 
actual social systems and furthermore explain why so many efforts to 
improve social systems have failed. In spite of their shortcomings, 
models can now be constructed that are far superior to the intuitive 
models in our heads on which we are now basing national social 
programs. 

"\Ve have not time this morning for details of methodology. I will 
leave with you a copy of my book "Industrial Dynamics" (published 
by the :MIT Press, 1961) which discusses the general approach and 
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shows early applications to industrial situations. I am also leaving 
my book "Principles of Systems" (published in 1968 by the Wright­
Allen Press, Cambridge, Mass.) which shows some of the concepts 
that we use to arrive at the underlying structure of social systems. 

This approach to the dynamics of social systems differs in two im­
portant ways from common practice in social sciences and government. 
There seems to be a common attitude that the major difficulty is short­
age of information and data. Once data is collected, people then feel 
confident in interpreting the implications. I differ on both of these 
attitudes. The problem is not shortage of data but rather our inability 
to perceive the consequences of the information we already possess. 
The system dynamics approach starts with the concepts and informa­
tion on which people are already acting. Generally these are sufficient. 
The available perceptions are then assembled in a computer model 
which can show the consequences of the well-known and properly 
perceived parts of the system. Generally, the consequences are un­
expected. 

COUNTERINTUITIVE NATURE OF SOCIAL SYSTEMS 

By converting mental models to explicit computer models, we have 
found a number of interesting characteristics in complex social sys­
tems. Initially these insights came from our corporate work. Time after 
time we have gone into a corporation which is having severe and well­
known difficulties. The difficulties can be major •and obvious like falling 
market share, or low profitability, or instability of employment. Such 
difficulties are known throughout the company and by anyone outside 
who reads the management press. 

One c,an enter such a company and discuss with people in key deci­
sion points what they are domg to solve the problem. Generally speak­
ing we find that people perceive correctly their immediate environ­
ment. They know what they are trying to accomplish. They know the 
crises whioh will force certain actions. They are sensitive to the power 
structure of the organization, to traditions, and to their own personal 
goals and welfare. In general, when circumstances are conducive to 
frank disclosure, people can state what they are doing and can give 
raitional reasons for their actions. In a troubled company, people are 
usually trying in good conscience and to the best of their abilities to 
solve the major difficulties. From such an organization one can take 
the policies that are well known ·and are being followed at the various 
points in the organiz1ation. The policies are being followed on the pre­
sumption that they will alleviate the difficulties. One can then combine 
these policies into a computer model to show the consequences of how 
the policies interact with one another. In many instances it then 
emerges that the known policies describe a system which actually 
ca.uses the troubles. In other words, the known and intended practices 
of the •organization are fully sufficient to create the difficulty, regard­
less of what happens outside the company or in the marketplace. In 
fact. a downward spiral develops in which the presumed solution makes 
the difficulty worse and the,rebv causes redoubling of the presumed solu­
t.ion so that matters become still worse. 

The same downward spiral frequently develops in government. 
J udgrnent and debate lead to a program that appears to be sound. Com­
mitment increases to the apparent solution. If the presumed solution 
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actually makes matters worse, the process by which this ha,ppens is 
not evident. So, when the troubles increase, the efforts are intensified 
that are actually worsening the problem. 

DYNAMICS OF URBAN SYSTEMS 

Our first major excursion outside of corporate policy began in Feb­
ruary 1968 when John F. Collins, former mayor of Boston, became 
professor of urban affairs at MIT. '.He and I discussed my work in in­
dustrial dynamics and his experience with urban difficulties. A close 
collaboration led to applying to the dynamics of the city the same 
methods that had been created for understanding the social and policy 
structure of the corporation. A model structure was developed to repre­
sent the fundamental urban processes. The proposed structure shows 
how industry, housing, and people interact with each other as a city 
grows and decays. The results are described here in my book "Urban 
Dynamics" (MIT Press, 1969). 

I had not previously been involved with urban behavior or urban 
policies. But the emerging story was strikingly similar to what we had 
seen in the corporation. Actions taken to alleviate the difficulties of a 
city can actually make matters worse. The book ex•amines four common 
programs for improving the .depressed nature of the central city. One 
is the creation of jobs as by bussing the unemployed to the suburbs or 
through governmental j-obs as employer of last resort .. Second was a 
training progra~ to ~ncrease the skills of. the lowest mcome gr~up. 
Third was financial aid to the depressed city as by Federal subsidy. 
Fourth was the oonstruction of low-cost housing. All of these are shown 
to lie between neutral and detrimental almost irrespective of the cri­
teria used for judgment. They range from ineffective to harmful judged 
either by their effect on the economic health of the city or by their long­
range effect on the low-income population of the city. 

The results both confirm and explain much of what has been hap­
pening over the last several decades in our cities. 

In fact, it emerges that the fundamental cause of depressed areas in 
the citjes comes from exoess housing in the low-income category rather 
than the commonly presumed housing shortage. The legal and tax 
structure has combined to give incentives for keeping old buildings in 
place. As industrial buildings age, the employment opportunities 
decline. 

:Mr. ASHLEY. When you say excess housing, Professor, do you mean 
excess over needs, over requirements? 

Dr. FORRESTER. I mean excess over needs. I mean excess over what 
the city is able to support. I mean excess over the income earning 
opportunuities of the area. 

That is of course startling and it takes awhile to get accustomea to 
the idea. But the interesting thing is that even black leaders in the 
ghetto areas, given 6 hours of discussion, begin to realize that it is a 
correct statement. 

One of the major problems of the old city is improper proportioning 
between the activities of the city. The city was in economic balance at 
the end of its growth phase. But as industrial buildings age employ­
ment falls. On the other hand, as residential buildings age, they are 
used by lower income groups who are forced to use them at a higher 
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population density. Therefore, j~bs decline an~ popula~i?n rises while 
buildinO's age. Housing, at the lugher populat10n dens1t1es, accommo­
dates n;ore people than can find jobs. I a!11 speaking here of the lmY· 
income urban population. A social trap 1s created where excess_ lmY­
cost housinO' beckons low-income people inward because of the available 
housing. Tl1ey con~inue C?ming to the city. until their numbers so 
far exceed the available mcomc opportumt1es that the standard of 
living declines far enough to stop further inflo,,. Income to the area is 
too low to maintain all ~of the housing. Excess housing falls into dis­
repair and is abandoned. One can simnltaneonsly ha Ye extreme crm,d­
ing in those buildings that are occupied, while other buildings become 
excess and are abandoned because the economy of the area can not sup­
port all of the residential structures. But the excess residential build­
ings threaten the area in tw·o ,,ays-they occupy the land so that it can 
not be used for job-creating buildings, and they stand ready to accept a 
rise in population if the area should start to improve economically. 

Any change which would otherwise raise the standard of living only 
takes off the economic pressure momentarily and causes the population 
to rise enough that the standard of liYing again fa1ls to the barely 
tolerable level. A self-regulating system is thereby at work which 
drives the condition of the depressed area dmn1 far enough to stop the 
increase in people. 

At any time, a near equilibrium exists affecting population mobility 
between the different areas of the country. To the extent that there is 
disequilibrium, it means that some area is slightly more attractive than 
others and population begins to move in the direction of the more at­
tractive area. This movement continues until the rising population 
drives the more attractive area down in attractiveness until the area is 
again in equilibrium with its surroundings. Other things being equal, 
an increase in population of a city crowds housing, overloads job op­
portunities, causes congestion, increases pollution, encourages crime, 
and reduces almost every component of quality of life. 

This powerful dynamic force to ree,stablish an equilibrium in total 
attraotiveness means that any socia,1 program must take into acc-0unt 
the eventual shifts that wiJl occur in the many components of attrac­
tiveness. As used here, •'attractiveness" is the composite effect of all 
foe.tors that cause population movement to-ward or :nYay from an area. 
:Most areas in a country have nearly equal atttractiveness most of the 
time with only sufficient disequilibrium in attractiveness to account for 
the shifts in population. But areas can have the same composite attrac­
tiveness with different mixes in the components of attractiveness. In one 
area component A could be high and B ]my while the. re-Yer~e could be 
true in another area tha.t nevertheless had the same total composite 
attrartiveness. If a program makes some aspect of an area more attrac­
tive than its neighbor's, and thereby makes total attractiveness higher 
mon1entarily, population of that area rises until other components of 
attractiveness are driven clown far enough to aga.in establish an e,mi­
librium. This means that efforts to improve the condition of our cities 
will result primarily in increasing the population of the cities and 
causing the population of the country to concentrate in the cities. The 
overall condition ,of urban life, for any particular ecnomic class of 
population, cannot be appreciably better or worse than that of the re­
mainder of the country to and from which people may come. Programs 
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aimed at 'improving the city can succe;ed only if they result in eventually 
raising the average quality 'Of life for the country as a whole. But there 
is substantial doubt that our urbrrn programs have been contributing 
to the national quality of life. By concentrating total population, and 
especially low-income population, in urban locations, undermining the 
strength and cohesiveness of the community, and making government 
and bureaucracy so big that the individual feels powerless to influence 
the system ,vithin which he is increasingly constraiineid, the quality 
of life is being reduced. In fact, if they have any effect, our efforts to 
improve our urban areas "·ill in the long run tend to-delay the concern 
about rising total population and thereby contribute directly to the 
eventual overcrowding of the country and the ,vorld. 

Any proposed program must deal with both the quality of life and 
the factors affe.cting population. "Raising the qua,lity of life" means 
releasing stress and pressures, reducing crowding, reducing pollution, 
alleviating hun:ger, and treating ill health. But these pressures are 
exactly the sources of concern and action aimed at controlling total 
population to keep it within the bounds of the fixed world within ,vhich 
"·e live. If the pressures are relaxed, so is the concern about how we 
impino-e on the em·ironment. Population "·ill then rise further until 
the pr~ssures reappear with an intensity that can no longer be relieved. 
To try to raise quality of life without intentionally creatmg compensat­
ing pressures to prevent a rise in population density will be self­
defeating. 

Consider the meaninO' of these interacting attractiveness components 
as they affect a depress~d ghett~ area of~ city. First, ,ve must b~ cle~r 
on the ,vay popula,tion density 1s now· bemg controJleid. Population 1s, 
in fact, no": being controlled. There is some s~t _of forces determining 
that the density is not far higher or lower than 1t 1s. But there are many 
possible combinations of forces that an nrban area can exert. The par­
ticular combination will determine the population mix of the area and 
the economic health of the city. I suggest that the depressed areas of 
most American cities are created by a combination of forces in "·hich 
there is a job shortage and a housing excess. The availability of hous­
ing dra.ws the l°'vest income group until they so far exceed the opportu­
nities of the area that the lo"· standard of li,·ing, the frustration, and 
the crime rate counterbalance the housing availability. Unt.il the po?l 
of excess housing is reduce!d, little can be done to imprm·e the econon11c 
condition of the city. A lmv-cost housing program alone moves exactly 
in the "Ton()' direction. It draws more lo"·-income people. It makes the 
area differe~tially more attra.ctive to the poor "·ho ne~d jobs _a~d _Jess 
attractive to those who create jobs. In the new populat10n eqmhbnum 
that develops, some characteristics of the social system must. coml?en­
sate for the additional attractiveness created bv the low-cost housmg. 
The counterbalance is a further decline of the e.conomic eondition for 
the area,. But as the area. becomes more de~titute, pressnres rise for 
more low-cost housin0·. The consequence is a do"·1nYartd spiral that 
draws in the lm-,-incon~e population, depresses their condition, pre-,:ents 
escape aud reduces hope. All of this is done ,Yith the best of intentrnns. 
For a ;nore complete explanation, I refer yon to "Urban Dynamics." 

A summary of urban dynamics is given in my paper "Systems 
Analysis as a Tool for Urban Planning"_ £r011: a symposiun:i in October 
1969, at the National Academy of Engmeermg. I am a,skrng that the 
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text be made a part of the record of this hearing. (The paper referred 
to by Dr. Forrester may be found on p. 239.) It suggests a reversal of 
present practice in order to simultaneously reduce the aging housing 
m our cities and allocate land to income-earning opportunities. The 
land shifted to industry permits the "balance of trade" of the area 
to be corrected by allowing labor to create and export a product to 
generate an income stream with which to buy the necessities of modern 
life from the outside. But the concurrent reduction of excess housing 
is absolutely essential. It supplies the land for new jobs. Equally im­
portant, the resulting housing shortage ?reates the popula~ion-stabi!iz­
ing pressure that allows economic revival to proceed without bemg 
inundated by rising population. This can all be done without driving 
the present low-income residents out of the area. It can create upward 
economic mobility to convert the low-income population to a self-
supporting basis. . . . 

The first reaction of many people to the;se ideas is to. believe that 
they will never be accepted by elected officials or by residents of de­
pressed urban areas. But some of our strongest support and encour­
agement is coming from those very groups who are closest to the 
problems, who see the symptoms first ha~d, w~o have lived throug? 
the failures of the past, and who must hve with the present condi­
tions until enduring solutions are found. 

Over the last several decades the country has slipped into a set of 
attitudes about our cities that are leading to actions that have become 
an integral part of the system that is generating greater tron?les. If 
we were malicious and wanted to create urban slums, trap low-mcome 
people in ghetto areas, and increase the number of pe?~le on welfare, 
we could do little better than follow the present policies. The trend 
toward stressino- income and sales taxes and a way from the real estate 
tax encourages ~Id buildings to remain in place and block ~elf-renewal. 
The concessions in the income tax laws to encourage low-income hous­
ino- will in the long run actuaUy increase the total low-income popula­
tign of the country. The highway expenditures and the Government 
loans for suburban housing have made it easier for higher-income 
groups to abandon urban areas than to revive them. The pressures to 
expand the areas incorporated by urban government, in an effort to 
expand the revenue base, have been more th~n offset by lowered ad­
ministrative efficiency, more citizen frustration, and t~e accelerated 
decline that is triggered in the annexed areas. T~e behef that more 
money will solve urban problems has taken attent10n away from cor­
recting the underlying causes and has instead allowed the problems 
to grow to the limit of the _available !Iloney, whatever th~t amount 
might be. Some of these pomts are discussed more fuHy m my un­
published paper "Toward a National Urban Consensus," d~ted March 
6, 1970, which I ask be made a part of the record of the h~armgs.1 (The 
paper referred to by Dr. Forrester may be found on p. 256.) 

CHARACTERISTICS OF SOCIAL SYSTEMS 

I turn now to some characteristics of social systems that mislead 
people. These have been identified in our work with corporate and 
urban systems and from more recent work that I will describe on the 
world wide pressures that ·are now enveloping our planet. 

1 Our continuing examination of urban behavior has been made possible through a 
grant to MIT from the Independence Foundation of Philadelphia. 
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First, social systems are inherently insensitive to most policy changes 
that people select _in an effort to alter the beh3: vior of the system .. In 
fact, a social system tends to draw our attent10n to the very pomts 
at which an attempt to intervene will fail. Our experience, which has 
been developed from contact with simple systems, leads us to look 
close to ,the symptoms of trouble for a cause. When we look, we dis­
cover that the social system presents us with an apparent cause that 
is plausible according to what we have learned from simple systems. 
But this apparent cause is usually a coincident occurrence that, like the 
trouble symptom itself, is being produced by the feedback-loop dy­
namics of a l_arg~r syste~. For example, as a~re_ady discu~d, we see 
human suffering m the c1t1es; we dbserve that 1t 1s accompamed ( some 
think caused) by inadequate housing. We increase the housing and the 
population rises to compensate for the effort. More people are drawn 
into and trapped in the depressed social system. As another example, 
the symptoms of excess population are beginning to overshadow the 
country. These symptoms appear as urban crowding and social pres­
sure. Rather than face the population problem squarely we try to 
relieve ,the immediate pressure by planning industry in rural areas 
and by discussing new towns. If additional urban area is provided it 
will temporarily reduce the {>ressures and defer the need to face the 
underlying population quest10n. The consequence, as it will be seen 
25 years hence, will have been to contribute to increasing the popula­
tion so much that even today's quality of life will be impossible. 

As a second characteristic of social systems, it seems that all have 
a few sensitive influence points through which the behavior of the 
system can be changed. These influence points are not in the locations 
where most people expect. Furthermore, if one identifies in a model 
of a social system a sensitive point where influence can be exerted, the 
chances are still that a person guided by intuition and judgment will 
alter the system in the wrong direction. For example in the urban 
system, housing is a sensitive control point but, if one wishes to revive 
the economy of a city and make it a better place for low income as 
well as other people, it appears that the amount of low-income housing 
must be reduced rather than increased. Another example is the world­
wide problem of rising population and the disparity between the 
standards of living in the developed and the underdeveloped countries. 
I will discuss that world system 1n a moment. But it is beginning to ap• 
pear that a sensitive control point is the rate of genera·tion of capital 
investment. And how should one change the rate of capital accumu­
lation~ The common answer has been to increase industrialization, 
but recent examination suggests that hope lies only in reducing the 
rate of industrialization. This may actually help raise quality of life 
and contribute to stabilizing population. 

As a third characteristic of social systems, there is usually a funda­
mental conflict between the short-term and long-term consequences of 
a policy change. A policy which produces improvement in the short 
run, within 5 to 10 years, is usually one which degrades the system in 
the long run, beyond 10 years. Likewise, those policies and programs 
which produce long-run improvement may initially depress the be­
havior of the system. This is especially treacherous. The short run is 
more visible and more compelling. It speaks loudly for immediate 
attention. But a series of actions all aimed at short-run improvement 
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can eventually burden a system with long-run depressants so severe 
that ernn heroic short-run measures Ilo longer suffice. J\llany of the 
prol>lems which this committee faces today are the eYentual result of 
short-run rneasures bken as long as bYo or three decades ago. 

I_ cal]_ your attention to chapter 6 of the "Urban Dynamics'' book 
':·luch cl1se.:nsse~ more of the \\·ays ,ye are led into making incorrect deci­
sions about soe.:rnl systems. 

.\ GLOR\L PERSPECTIVE 

I ha YO mentioned social organizations at the corporate leYe1 and then 
touch~cl 0~1 \\·ork wh~ch has lJeci~ done on the dynamics of the ci_ty. Per­
haps 1t will be helpful to exammc a much broader scope that 1s closer 
to the national problems you face. 

In .T uly of this year ,,·e held a 2-,Yeek international conference on 
,Yorld dynamics. It \Yas a meeting oro-anizecl for the Club of Rome. a 
pri,·a~o_group of abont 50 indi,·icl~ials~lnnYn from many countries who 
lrn.To 1omed together to attempt a better nnderstanding of social sys­
tems at. the \Yor]d leYel. Their interest lies in the same prol>lems of 
populat10n, resources, industrialization, pollution, and worldwide dis• 
parities of standard of living on which many groups now focus. But 
the Club of Rome is devoted to taking actions that "·ill lead to a better 
understanding of \Yorld trends and to influencino- \Yorlcl leaders and 
g_overnmm~ts. Th~ ,Tuly meeting at :M:IT ?:as prin~arily for t_he execu­
tIYe. c,omm1ttee of t~ie Club of Rome so its members could JtH.lge the 
use!}~mess of the ~oc1~l syst~m dynamics program at ThHT m:i-d its app~ i­
cabi1ity to the obJect1ves of the club. Of the present executive commit­
tee, the gro~1p included .... \..ureho Peccei who is managing director of 
Italconsult 111 Rome and is on the boards of directors of OliYetti Fiat 
and A.litalia Airlines; Hugo Thiemann, director-general of th; Bat~ 
telle Institute in Geneva; and Eduard Pestel, pres ident of the Tech­
nical Institute of Hannm·er in Germany. 

The program included the general fheory and hehaYior of complex 
systems and talks on the behavior of specific social systems rano-ino­
from corpor_atio!1s through con~modity markets to biological syst~m~ 
clrug ~dcl1ct10n m the_ com1!1un11ty, and gro,,th and decline of a city. 
l"!Jspec.rnlly prepared for this conference was a clYnamic mode] of the 
interact.ions between \Yorld population, industrialization, depletion 
of natural resources, a.gricukure,, and pollution. A disrusSiion of this 
world sy8tem will soon appear in my book ",Yorlrl Dynmn1rs" 
(\Yright-A llen Press, Cambridge, ·Mass.). A research nroject on \Yorlcl 
dynamics is now continuing under the guidance ;f Prof. Dennis 
:Me~clows, author of "Dynamics of Commodity Proclurtion Cyc]es" 
( also °'\Yright-Allen Press, 1970). The "Project on the Predicament 
of :Mankind" is being sponsored by the Club of Rome at ~1IT for a 
year with p]ans to develop a researrh group of men from many coun­
tries ,,ho will eYentually base their continuing efforts in a neutral 
country such as S,vitze,rland. The immediat.e project ,Yill reexamine, 
Yel'ify, alter, and extend the preliminary dvnamic study of the world 
sy~;tem and ,,ill relate it to the present world,,ide concern about trends 
in civilization. 

217 

TRANSITION FROM GROWTH TO EQUILIBRIUM 

The si1:1ple model of w_orld interactions n~ d1us far developed sho,,s 
several <:hfferent alterna:t.ffe futures de,pendmg on whether population 
growt~1 1s eventuall:y suppressed by shortage of 1:,atural resources, by 
pollut10n, by crowdmg and_ consequent socrn~ s~nfe, o_r by insufficient 
f?Od. J\IIalthus dealt only with the latter but 1t 1s poss1 ble for civiliza­
tion to encounter other controlling pressures before a food shortao-e 
occurs. 0 

It is certain thaJt resource sl;ortage, po~lut~o°:, crowding, rood failure, 
or_ so_me ?th~r equally pmYerful force ,v1ll hm1t populnhon and indus­
t~rnhzat10n if persuas1~n and psychological factors do not. Exponen­
~ial grmvth c~nnot contmt~e. forever. Our greatest i1:1~ne~liate challenge 
1s how we g-iude the tr~ns1hon from g-ro,Yth to eqmlibrmm. There are 
many_ po~s1ble ?lechamsrns of growth suppression. Tha,t some one or 
combmat10n ,nll occur is inevitable. Unless we come to understand 
~nd to choose, the social system by its internal processes will choose 
for us. The "natural" me?lmnisms for tenninating exponential growtlh 
appear to be the least desirable. Unless we understand and beo-in to act 
soon, we may be overwhelmed by a social and economic systenf we have 
erea,ted but Cc:<tn't control. 

Figure l 1 sho,Ys the structure, that has been assumed. It interrelates 
the m~1tual effects •Of pop_ubtion, capital investment, natural resources, 
pollut10n, and the fract10n of capital devoted to ao-riculture. These 
fiye system "levels" are sho,vn in the rec.tano-les. Eagh level is caused 
to change by the_ rates of flow ·in and out, s~ch as the birth rate and 
death r~te that mcrease and decrease population. As shown by the 
dotted Imes, the :fh·e system levels, through intc1111eclia.te concepts 
shown at the circles, control the rates ~f flo,Y. As an exn.rnple, the death 
rate at symbol 10 depends on populat10n P and the "normal" lifetime 
as st~t~d b:y death rate normal DRN. But death rate depends also on 
cond1t10n_s 111 otl:ier parts of the system. From c.ircle 12 comes the in­
fiuence of po~lut10n that here a?5um~s death rate to double :if pollution 
becomes 20 ~·1mes as severe as m. 1970; and, progressively, that death 
rate would mcr~ase ?Y a facto~ of 10 if pollution became 60 times as 
m~ch as now. L1kew1se from circle 13 the effect of food per capita is 
t~ 1_ncrease death rate as food becomes less available. The detailed defi-
111t10n of the model st!Ltes how each rate of flow is assumed to depend on 
the levels of populat10n, natural resources, capital investment capital 
devoted to food, and pollution. ' 

1 All figures are taken from the manuscript for "World Dynamics" by J ay W Forrester 
Wright-Allen Press, Cambridge, Mass., available about February 1971. • ' 
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FIGURE 1 

Individually the assumptions in the model are plausible, create little 
disagreement, and reflect common discussions and assertions about the 
individual responses within the world system. But each is explicit and 
can be subjected to scrutiny. From one viewpoint, the system of figure 
1 is very simplified. It focuses on a few major factors and omits most 
of the substructure of world social and economic activity. But from 
another viewpoint, figure 1 is comprehensive and complex. The system 
is far more complete and the theory described by the accompanying 
computer model is much more explicit than the mental models that are 
new being used as a basis for world and governmental planning. It 
incorporates dozens of nonlinear relationships. The world system 
shown here exhibits provocative and even frightening possibilities. 

With the model specified, a computer can be used to show how the 
system, as described for each of its parts, would behave. Given a set of 
beginning conditions the computer can calculate and plot the results 
that unfold through time. 

Figure 2 shows the mode of behavior of this world system wherein 
population reaches a peak and then declines because industralization 
is suppressed by falling natural resources. The world today seems to be 
entering a condition in which pressures are rising simultaneously from 
every one of the influences that can suppress grO\vth-depleted re-
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FIGURE 2.-Basic world model behavior showing the mode in which industrializa­
tion and population are suppressed by falling natural resources. 

sources, pollution, crowding, and insufficient food. It is still unclear 
which will dominate if mankind continues along the present path. Fig­
ure 2 shows a period from year 19.00 to 2100. The model system starts 
with estimates of conditions in 1900. Adjustments have been made so 
that the generated paths pass through the conditions of 1970. 

In figure 2 the quality of life peaks in the 1950's and by 2020 has 
fallen far enough to halt further rise in population. Declining re­
sources, and the consequent fall in capital investment then exert furth­
er pressure to gradually reduce world population. 

But we may not be fortunate enough to run gradually out of natural 
resources. Science and technology may very well find ways to use the 
more plentiful metals and atomic energy so that resource depletion 
does not intervene. If so, the way then remains open for some other 
pressure to arise within the system. Figure 3 shows what happens 
within this system if the resource shortage is foreseen and a voided. 

Here the only change from figure 2 is in the usage rate of natural 
resouirces after the year 1970. In figure 3 after 1970, resources are used 
at a rate 75 percent less than assumed in figure 2. In other words, the 
standard of living is sustained with a lower drain on the expendable 
and irreplaceable resources. But the picture is even less attracti ,·e. By 
not running out of resources, population and capital investment are 
allowed to rise until a pollution crisis is created. Pollution then acts 
directly to reduce birth rate, increase death rate, and to depress food 
production. Population which, according to this simple mode], peak5 
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FIGURE 3.-Pollution crisis precipitated by lower usage rate of natural resources. 
In 1070 natural resource usage is reduced 75 percent by more effecti Ye tech­
uologr without affectiug material standard of liYing. 

at the year 2030 has fallen to one-sixth of the peak population ,Yithin 
an interntl of 20 years. Such \Yould be a ,yorld,Yide catastrophe of a 
ma.gnitucle never before experienced. Should it occur, one can specu1ate 
on ,Yhich sectors of the world population ,Yill suffer most. It is quite 
possible that the more industralized countries ( ,vhich are the ones 
''" hich have ca used such a disaster) ,Yould be the least able to survi Ye 
such a disruption to environment and food supply. They might be the 
ones to take the brunt of the collapse. 

Figure 3 shows how a technological success (reducing our depend­
ence on natural resources) can merely save us from one fate only to fall 
victim to something worse ( a pollution catastrophe). There is now 
developing throughout the world a strong underClirrent of doubt about 
technology as the savior of mankind. There is a basis for such doubt. 
Of course, the source of trouble is not technology as such but is instead 
the management of the entire technological-human-political-economic­
natural complex . 

.Figure 3 is a dramatic example of the general process discussed 
earlier wherein a program aimed at one trouble symptom results in 
creating a new set of troubles in some other part of the system. Here 
the success in alleviating a natural resource shortage thro,Ys the system 
over into the mode of stopping population gro,Yth by pollution ransed 
by industralization \Yhich has been freed from natural resource re­
straint. This process of a solution creating a ne,Y problem has defeated 
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many of our past governmental programs and will continue to do so 
unless we devote more effort to understand the dynamic behavior of 
our social systems. 

Suppose 111 the basic world system of figures 1 and 2 we ask how to 
sustain the quality of life which is beginning to decline after 1950. One 
way to attempt this, and it is the way the world is now choosino-, mio-ht 
~ to increase the rate of industrialization by raising the rate of capital 
~nvestme~t. Models of the kind we are here using make such hypothet­
ical quest10ns answerable i_n a few minut,es and at negligible cost. F_ig­
~r~ 4 shows what happens 1f the "normal'' rate of capital accumulat10n 
is 111creased by 20 percent in 1970. The pollution crisis reappears. This 
time the cause is not the more efficient use of natural resources but the 
upsurge of industrialization which overtaxes the environment before 
resource depletion has a chance to depress industralization. Ao-ain an 
"obvious" desirable change in policy has caused troubles worse than' the 
ones that were originally being corrected. This is important, not onlv 
for_ its own mess.age, b~t because it demonstrates how an apparently 
desirable change 111 a social system can have unexpected and even disas­
trous results. 

Figure 4 should make us cautious about rushing into programs on 
the basis of short-term humanitarian impulses. The eventual result 
can be antihumanitarian. Emotionally inspired efforts often fall into 
one of thrP-e traps set for us by the nature of social systems. First, the 
programs a.re apt to address symptoms rathe.r than causes and attempt 
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to operate through points in the system that have little leverage for 
change. Second, the characteristic of systems whereby a policy change 
has the opposite effec t in the shorit. run from the effect in the long run 
can eventually cause deepening difficulties after a sequence of short­
term actions. Third, the effect of a program can be along a,n entirely 
different direction than wa,s originally expected; suppre~sing one 
symptom only causes trouble to burst forth at another point. 

Figure 5 retains the 20-percent additional capital investment rate 
after 1970 from figure 4 but in addi,tion explores birt.h redudion as a 
·way of avoiding crisis. Here tJhe "normal" birth rate has been cut in 
half in 1970. ( Chanfes in normal rates refer to coefficients ,vhich have 
the specified effect i all other thi%<YS remain the same. But other things 
in the system change and also exert their effect on the ac.tuaJ system 
rates.) The result sihows interesting behavior. Quality of life surges up­
ward for 30 years for tJhe reasons that a.re customa,rily asserted. Food­
per-ca,pita grows, material standard of living rises, and crmvding does 
not become as great. But the more affluent world population continues 
to use natural resources and to accumulate capital pJant at about the 
same rate as in figure 4. Load on the environment is more closely related 
to industrialization than to J?Opulation and the pollution crisis occurs 
at about the same point in time as in figure 4. 

Figure 5 shows that the 50-percent reduction in normal birth rate 
in 1970 was sufficient to start a decline in total population. But ,the ris-
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ing quality of life and the reduotion of pressures act to start the popu­
lation curve upward again. This is especially evident in other com­
puter runs where the reduction in normal birth ra.te is not.so drastic. Se­
rious questions are raised by this investigation about the effectiveness 
of birth control as a means of controlling populaition. The secondary 
consequence of starting a birth control program will be to increase 
the influences that raise birth rate and reduce the apparent pressures 
that require population control. A birth control proo-ram which would 
be effective, all other things being equal, ma,y Ja~gely fail because 
other things will not remain equal. Its very incipient success can set in 
motion for,ces to defeat ,the program. 

Figure 6 combines the reduced resource usage rate and the increased 
capital investment rate of figures 3 and 4. The result is to make the 
population collapse occur slightly sooner and more severely. To the 
modified system of figure 6, figure 7 then exammes the resuJt if technol-
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ogy finds ways to reduce the pollution generated by a given degree of in­
dustrialization. Here in figure 7, the pollution rate, other things being 
the same, is reduced by 50 percent from that in figure 6. The result is to 
po~tpone the day of reckoning by 20 years and to allow the world popu­
lat10n to grow 25 percent greater before the population collapse occurs. 
The solution of reduced pollution has, in effect, caused more people to 
suffer the eventual consequences. Again we see the dangers of partial 
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solutions. Actions at one point in a system that attempt to relieve one 
kind of distress produce an unexpected result in some other part of the 
system. If the interactions are not sufficiently understood, the conse­
quences can be as bad or worse than those that led to the initial action. 

In our social systems, there are no utopias. There appear to be no 
sustainable modes of behavior that are free of pressures and stresses. 
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But there are many possible modes and some are more desirable than 
others. Usually, the more attractive kinds of behavior in our social 
systems seem to be possible only if we have a good understanding of the 
system dynamics and are willing to endure the self-discipline and pres­
sures that must accompany the desirable mode. The world system of 
figure 1 can exhibit modes that are more hopeful than the crises of the 
earlier figures. But to develop the more promising modes will require 
restraint and dedication to a long-range future that man may not be 
capable of sustaining. 

Figure 8 shows the world system if several policy changes are 
adopted together in the year 1970. Population is stabilized. Quality of 
life rises about 50 percent. Pollution remains at about the 1970 level. 
Would such a world be accepted? It implies an end to population and 
economic growth. 
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In figure 8 the normal rate of capital accumulation is reduced 40 per­
cent from its previous value. The normal birth rate is reduced 50 per­
cent from its earlier value. The normal pollution generation is reduced 
50 percent from the value before 1970. The normal rate of food produc­
tion is reduced 20 percent from its previous value. (These changes in 
normal values are the changes for a specific set of system conditions. 
Actual system rates continue to be affected by the varying conditions 
of the system.) But reduction in investment rate and reduction in agri­
cultural emphasis are counterintuitive and not likely to be discovered 
or accepted without extensive system studies and years of argument-­
per~aps more years than are available. The changes in pollution gen­
era~10n and natural resource usage may be easier to understand and to 
achieve. The severe reduction in worldwide birth rate is the most 
doubtful. Ey~n if technical and biological methods existed, the im­
proved cond1t10n of the world might remove the incentive for sustain­
ing the birth reduction emphasis and discipline. 

}'UTURE POLICY ISSUES 

'~'he dynamics of world behavior bear directly on the future of the 
Umted States and the present work of this committee. American 
urbanization and industralization are a major part of the world scene. 
The United States is setting a pattern that other parts of the world are 
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trying to follow. That pattern is not sustainable. Our foreign policy 
and our overseas commercial activity seem to be running contrary to 
overwhelming forces that are developing in the world system. The fol­
lowing issues are raised by the preliminary investigations to date. They 
must, of course, be examined more deeply and confirmed by more 
thorough research into the assumptions about structure and detail of 
the world system. 

1. Industrialization may be a more fundamental disturbing force 
in world ecology than is population. In fact, the population explosion 
is perhaps best viewed as a result of technology and industrialization. I 
include medicine and public health as a part of industrialization. 

2. Within the next century, man may be facing choices from a four­
pronged dilemma-suppression of modern industrial society by a na­
tural resource shortage, collapse of world population from changes 
wrought by pollution, population limitation by food shortage, or popu­
lation control by war, disease, and social stresses caused by physical 
and psychological crowding. 

3. We may now be living in a "golden age" where, in spite of the 
worldwide feeling of malaise, the quality of life is, on the average, 
higher than ever before in history and higher now than the future 
offers. 

4. Efforts for direct population control may be inherentlv self-de­
fea.ting. If population control beg-ins to result as hoped in higher 
per capita food supply and ma:terial standa.rd of living. these very 
improvements can genera.te forces to trigger a resurgence of popula.tion 
growth. 

5. The high standard of living of modern indnstria l societies seems 
to result from a pro<lnction of food and material goodc;; that has been 
able to ontrun the rising population. But. as agriculture re,a,ches a 
space limit, as induc;;trial1i7,a:tiion reaC'hes a natural-rf'SOnrce limit, and as 
both reach a nollntion limit, population tends to catch up. Ponulation 
then grows until the quality of life :falls far enough to generate suffi­
cientlv larg·e pressures t-0 stabilize population. 

6. There mav be no real is-tic hone :for the present nnderdeveloped 
oountries reaching the standard o:f living dcmon~tra,te<l by the preS!ent 
industriali7.Pd nations. The nollution and natural resonrce loarl placed 
on the world environmental system bv each person in an advanced 
country is probably 20 to 50 times greater than the load now generated 
by a nerson in an unrlerrlP-ve]oned conntry. With :four times as much 
population in underdeveloped countries as in the nresent developed 
connrt.ries. their risinl! to the economic level of the Fnited States could 
mean an increase of 200 times in the natural resonrcei and pollution 
load on the world environment. Noting the destru0tion that has a]reia.dy 
occurred on land. in the air, and especially in the oceans. no canability 
appears to exist for handlin~ such a rise in standard of Eving for the 
present tot.nl population of the wodd. ¥ 

7. A sor,iety with a high level of indnstrializntion ma.y be nonsus­
tainable. It mav be self-extinguishing if it exhausts the natural re­
sources on which it depends. Or, if nnendin~ substitution for de.dining 
natural resources is possible, the international strife over "pollution 
and environment.al rights" may pu11 the average worldwide standard 
of living back to the level of a century ago. 

*See the correction at the end of this reprint. 
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8. From the long view of a hundred years hence, the present efforts 
of underdev~loped countries to industrialize along vVestern prutterns 
m~y be unw~se. They may now be c:loser to the ultimate equilibrium 
with the environment t!rnn are the _industrialized nations. The present 
unde~develop~d countries_ may b~ m a better condition for surviving 
the forthcommg worldwide environmental and economic pressures 
than are the advanced countries. When one of the several forces mate­
rializes t!hat is stron~ enough to cause a collapse in world population, 
the ~dvanced countries may suffer far more than their share of the 
decl,me. 

A NEW FRONTIER 

~t is now possible to take hypotheses about the separate parts o:f a 
social system, to combine them in a computer model, and to learn the 
consequences. ~he ~ypotheses may at first be no more correct than the 
'Ones we are ~smg m our intuitive thinking. But the process of com­
puter modelmg _a1;1d model testing requires these hypotheses to be 
stated more explicitly. The m_odel comes out o:f the hazy realm o:f the 
mental model mto an unambiguous model or statement to which all 
~ave acc~ss. Assumptions can then be checked against all available 
m:formation an~ can ?e ra_p_idly impr_o:"ed. The great uncertainty with 
me~tal models 1s the mab1hty to anticipate the consequences o:f inter­
act10ns_ between the parts of a system. This uncertainty is totally elimi­
nated m computer models. Given a stated set o:f assumptions the 
co11:1p~ter traces the resulting consequences without doubt or e'rror. 
This 1s a powerful procedure :for clarifying issues. It is not easy. Re­
sults will not be immediate. 

We are on the threshold of a great new era in human pioneering. ln 
t~e past there h~ve been periods characterized by geographical explora­
tion. Other per10~s have dealt with the :formation of national govern­
ments. At other times the focus wa.s on the creation of great literature. 
Most recently we have ?8en through the pioneering frontier o:f science 
and t_echnol?gy.1?ut science and technology are now a routine part of 
our h:fe. Science 1s no longer a :frontier. The process of scientific dis­
covery is orderly and organized. 

I suggest that t~e next :frontier £or human endeavor is to pioneer a 
bette: ~nderstandmg ~£ the nature of our social systems. The means 
are v1s1ble. The task will be no easier than the development o:f science 
and technol_ogy. For the next 30 ye~rs we can expect rapid advance in 
u~derstai:idmg the complex dynamics of our social systems. To do so 
'".'111 reqmre researc~, the development of teaching methods and mate­
rials, and the creat10n of appropriate educational programs. The re­
search results of today will in one or two decades find their way into 
the secondary schools just as concepts of basic physics moved from 
researc~ to gene_ral education over the past three decades. 

I£ this committee looks out two or three decades hence it will see 
~hat_':"hat we do today fundamentally affects that future. If we :follow 
m_tmt10n, the trends of the past w~ll continue into deepening difficulty. 
I! we set up _research and educat10nal programs which are now pos­
sible but which have not yet been developed, we can expect a :far 
sounder basis :for action. 
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I hope that Members of Congress will take time to understand the 
nature of the dynamics of our social systems and that governmental 
programs can begin to recognize the fundamental forces that have de­
feated so many past efforts. Our 2-week conference with the Club of 
Rome in July was most successful in conveying the possibilities to 
those who attended. I am hereby offering a similar invitation to the 
House of Representatives and the Senate to take part in a 1-week ex­
amination of where we now are in understanding the dynamics of 
social systems. The 1 week to make such a study may be hard to allo­
cate, but surely we agree that comparable amounts of time are devoted 
to hearings and investigations of less importance. In fact, many hear­
ings are made necessary because past programs have been initiated 
without sufficient awareness of the full consequences. I hope that some 
25 Members, jointly from the House and the Senate, could be assem­
bled to engage in the kind of discussion which we had in July. I can 
refer you to a list of witnesses who can support the importance and 
justification for such an investment of time. 

THE COMMITTEE'S ALTERNATIVES 

Let me close by discussing several matters now facing this com­
mittee. 

The record of the hearings to da;te imply that it.he committee accepts 
the future growth of U.S. population as preordained. beyond the pur­
view ·and influence of the committee, and as a ground rule whidh deter­
mines the committee's task as finding cities in which the future popula­
tion can live. But I have been describing the circular processes of our 
social systems in which there is no unidirectional cause and effect but 
instead a ring of actions and consequences that close back on them­
se]ves. One cou.1d say, incompletely, that the population ·will grow and 
that cities, space, and food must be provided. But one can likewise 
say, also incompletely, that the provisions of cities, space, and food will 
ca.use the population to grow. Population generates pressure for urban 
growth, but urban pressures help to limit population. 

Population grows uil'til stresses rise far enough, which is to say that 
the quality of life falls far enough, to stop further increase. Every­
thing we do to reduce those pressures causes the population to rise 
further and faster and hastens the day when expediencies will no 
longer suffice. This committee is in the position of a wild animal run­
ning from its pursuers. We still have some space, natural resources, and 
agricultural land left. We can avoid the question of rising population 
as long as we can flee into this bountiful reservoir that nature provided. 
But it is obvious that the reservoirs are limited. As Dr. Moran stated on 
page 68, in "Populatiion Trends," volume 1 of your printed hearings, 
"The.re has to be a point at which this exponential grmv,~h in popula, 
tion is slowed down~ brong'ht to a halt." The wild animal usually flees 
until he is cornered, until he has no more space. Then he turns to fight 
but he no longer has room to maneuver. He is less able to forestall dis­
aster tihan if he had fought in the open while there was still room to 
yield and to dodge. The United States is running away from its long­
term tfureats by trying to relieve social pressures as they arise. But, 
if we persist in treating only the symptoms and not the causes, the 
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result will be to increase the magnitude of the ultimate threat and re­
duce our capability to respond when we no longer have space to flee. 

What does this mean? Instead of a.ntomatically accepting the need 
for new to"·ns and the ·de..qira.bility of loc.a.ting industry .in rural areas, 
we should consider confining our cities. If it were possible ,to prohibit 
the encroochment by housing and industry onto even a single addi­
tiona.l acre of farm and forest, the resulting social pressures would 
hasten the day when we stabilize population. Some European coun­
tries are closer to realizing the necessity of curtailing urban growth 
than are "·e. As I understand it, fa,rmland surrounding Copenhagen 
cannot be used for either residence or industry until the severest of 
pressures forc:es the Government to rezone small additional parce1s. 
" Then land is rezoned tlhe corresponding rise in land price is heavily 
taxed to remove tlhe incentive for land speculation. The waiting time 
for an empty apa,rtment in Copenhagen may be years. Such pressures 
certainly cause them to face the popu]ation problem more squarely 
than do we.. 

This subcommittee is the Subcommittee on Urban Growth. But 
shou.1d it not be the Subcommittee on National Equilibrium? Our 
greatest challenge now is how to handle the transition from growth 
mto equilibrium. Our society has behind it a thousand years of tradi­
tion that has encouraged and rewarded growth. The folklore and the 
success stories praise growth and expansion. But that is not the path 
of the future. Many of the present stresses in our society are from the 
pressures that always accompany the conversion from growth into 
equilibrium. 

In our studies of social systems, we have made a number of investi­
gations of life cycles that start with growth and_ i:nerge into equilib­
rium. There are always severe stresses m the transit10n. Pressures must 
rise far enough to suppress the forces that produced growth. Not only 
do we face the pressures that will stop population growth. We also are 
encountering the pressures that will stop the rise of industrialization 
and standard of living. The social sfresses will rise. The economic forces 
will be ones for which we have no precedent. The psychlogical forces 
will be beyond those for which we are prepared. Figure 3-1 in my 
"Urban Dynamics" book shows how the pressures from shortage of 
land and rising unemployment accompany the usual transition from 
urban growth to equilibrium. But the pressures we have seen in our 
cities are minor compared to those which the Nation is approaching. 
The population pressures and the economic forces in a city that was 
reaching equilibrium have in the past been able to escape to new land 
areas. But that escape is becoming less possible. Until now we have 
had, in effect, an inexhaustible supply of farmland and food-growing 
potential. But now we are reaching the critical point where, all at the 
same time, population is overrunning productive land, agricultural 
land is almost fully employed for the first time, the rise in population 
is putting more demand on the food supplies, and urbanization is push­
ing agriculture out of the fertile areas into the marginal lands. For the 
first time demand is rising into a condition where supply will begin to 
fall while need increases. The crossover from plenty to shortage can 
occur abruptly. 

This is a subcommittee of the Banking and Currency Committee. 
The fiscal and monetary system of the country is a complex social-
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economic-financial system of the kind we have been discussing. It is 
clear the country is not agreed on behavior of the interactions between 
government policy, growth, unemployment, and inflation. An article 
by a writer for Finance magazine in July 1970 suggests that the ap­
proach I have been discussing with you be applied m fiscal and mone­
tary policy and their relationships to the economy. I am leaving a copy 
for the record of this hearing. (The article referred to, "A New Ap­
proach to Economic Analysis," may be found on p. 266.) I estimate 
that such a task would be only a few times more difficult than was the 
investigation of urban gr°'vth and stagnation. The need to do so be­
comes more urgent as ithe ~conomy begins to move for the firs~ time 
from a history of growth mto the turbulent pressures tha~ will_ ac­
company the transition from growth to one of the many possible kmds 
0£ ~uilibrium. We need to choose the kind of equilibrium before we 
arrive. 

In a hierarchy of systems, there is usually a conflict between t~e 
goals of a subsystem and the welfare of the broader system. We see this 
in the urban system which is the responsibility of this committee. The 
goal of the city is to expand and to raise its quality of life. But this in­
creases population, industralization, pollution, and demands on food 
supply. The broader social system of the country and the ,vorld re­
quires that the goals of the urban areas be curtailed and that the pres­
sures of such curtailment become high enough to keep the urban areas 
and population within the bounds that are satisfactory to the larger 
system of which the city is a part. If this committee chooses to work 
for some of the urban goals that have been suggested in the testimony 
to date, and if the committee succeeds, as it may well do, the result will 
be to deepen the distress of the country as a whole and eventually to 
deepen the crisis in the cities themselves. We may be at the point where 
higher pressures in the present are necessary if insurmountable pres­
sures are to be a voided in the future. 

I have tried to give you a glimpse of the nature of multiloop feed­
back systems, a class to which our social systems belong. I have at­
tempted to indicate how these systems mislead us because our intuition 
and judgment have been formed to expect behavior different from that 
actually possessed by such systems. I believe that we are still pursuing 
national programs that will be at least as frustrating and futile as 
many of the past. But there is hope. I have given you no specific rec­
ommendations for national policy but have suggested that we can now 
begin to understand the dynamic behavior of our social systems. Prog­
ress will be slow. There are many crosscurrents in the social sciences 
which will cause confusion and delay. The approach that I have been 
describing is very different from the emphasis on data gathering and 
statistical analysis that occupies much of the time of social research. 
But there have been breakthroughs in several areas. I have extended 
an invitation for some 25 Members of Congress to devote a week to 
carefully considering these issues. If we proceed expeditiously but 
thoughtfully, there is a basis for optimism. 

Mr. ASHLEY. That is an illuminating presentation, and I might say 
that it is quite disturbing. 

It is disturbing in part because your thesis includes the predicate, 
it seems to me, that efforts to improve our living environment will have 
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reverse consequences that are undesirable, and yet from the stand­
point of public policy the conviction that we do need ,to improve our 
living environment is rather fundamental. You might be right, to say 
the least, you may be right that with greater understanding there will 
come an abiliity to shape public policy in a different way. I don't think 
that we are very far advanced in that understanding at the present 
time, to say the least. 

Part of the purpose of this subcommittee has been to try to shape 
some kind of strategy with respect to growth and the components of 
growth. We haven't sought to define the components of a growth 
policy or growth strategy. So that to some extent there is a degree of 
flexibility tha,t is available. 

I think that it is quite clear now that legislation will be passed that 
you are familiar with that will make provisions for the first time for­
mally, officially, legislatively mandated for an evolving growth, na­
tional growth policy. 

Do you regard this kind of an effort as being helpful in any respect? 
My question is simply this: That in the past we have operated as a 
nation on an extremely ad hoc basis with respect to how we have han­
dled growth. I understand that growth may be something that we 
don't want to be faced with, but that would not obviate the necessity 
for some kind of strategy as distinct from a totally unplanned type of 
operation that the Nation is engaged in. 

Dr. FORRESTER. We must have a growth policy. The question is, 
growth under what circumstances. To what extent and by what process 
do we now begin to see our way to a future equilibrium. Growth in the 
raw sense of more of everything forever is impossible. No one can 
argue that growth will contmue at the past and present rates. It simply 
cannot he done. 

A growth policy, therefore, is absolutely essential. But I interpret 
the phrase to mean a policy to extract ourselves from the trends of the 
past and gradually to move into an equilibrium that would be sustain­
able in the future. This means a transition-a transition policy from 
growth to equilibrium. The policy should cover the questions of when 
and how. 

Mr. ASHLEY. Yes, precisely. At its best that could precisely be said 
as to what we hope will evolve from the form, from the mechanism 
that is being established. 

I think that it is interesting that the responsibility for the evolving 
of the specific components of the strategy have been placed with the 
executive branch of the Government and not the legislative. Your 
invitation, which I must say I hope to respond to, might at some point 
include the members of the Urban and Growth Council, if that is the 
mechanism, or the members of the subcommittee of the White House 
Domestic Council that will have this responsibility. 

The second 1;>art of the legislation may not be so easily reconciled 
with your thesis. It does well for a better delivery system to produce 
not just housing but the living environment in which future genera­
tions will find themselves. How does that compare with what you have 
been saying? Is that really as self-defeating as would seem to be the 

• case based on your statement? Is it really impossible to markedly im-
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prove a pretty shabby living environment without increasing capital 
investment, without making it attractive for people to have more chil­
dren ? How certain are we of that, professor? 

Dr. FoRRESTER. Figure 8 in my statement suggested that in fact 
quality of life might rise on the average by doing some things opposite 
to the obvious. 

Now, I don't propose that I believe all of the illustrations 100 per­
cent at this point or that you should. But I believe them to the extenlt 
that I think they must be taken seriously and explored. I do believe 
them to that ex:tent. We will probably learn vastly more as others join 
the investigation and the argument. I am, of course, under no illusion 
that these results ,vill affect things in the next 1, 2, 3 years. The pro­
posed changes are very fundamental. They strike deeply at a whole set 
of ideas that have built up over many decades. They would probably 
have no chance except for the frustration that has been developing 
as a result of past practices. We are not markedly more happy this year 
than 10 or 25 years ago. There must be underlying reasons for failures 
in past social programs and we think we begin to see these reasons in 
the system dynamics studies. If the conclusions come out to be radical 
and different perhaps that is necessary, because if conditions are to be 
different in the future from the past it means we must act differently. 
There will be many crosscurrents when the changes for the future are 
fully identified. My colleagues, Gordon Brown, former dean of engi­
neering at MIT and John F. Collins, and I are patient and willing to 
develop the necessary supporting arguments. I am convinced that the 
reasoning I have given you will prevail. We have an obligation to 
keep it before people long enough that they can understand and 
evaluate. 

Mr. ASHLEY. Well, I admire your intellect and I admire your cour­
age, and I must say that I am not disposed to argue with you very 
much because I have a sense of what you are saying. There would be 
nothing the matter with public policy that seeks to improve the living 
environment if that public policy is only one component of a much 
broader policy. If we are willing to do other things that will forestall 
the interaction consequences that an effort simply to improve the liv­
ing environment would result in, then I take it that this would be in 
accord with your basic thesis. 

Dr. FoRRESTER. Yes. But there is a point I did not take time for in the 
presentation. It should be stressed. 

In our national and State legislative processes we try to correct the 
symptoms of a problem rather than asking what is causing the prob­
lem. It would often be simpler and less expensive to remove the under-
1 ying ca uses. 

It is clear from our examination of social systems that most processes 
of active intervention will fail. Much of the effort ,Yill be negated by 
the system ceasing to do what it was already doing for itself. The load 
is thrown more and more on the outside program. That is one process. 
In addition, a set of internal pressures against the outside program 
are generated. Many mechanisms make an outside direct intervention 
unlikely to succeed. 

Mr. ASHLEY. Well, you lose me a little bit there when you admit that 
it is necessary for the improvement of society to remove underlying 
causes of despair and frustration, poverty--
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. Dr. FoRRE;STER. Let's look at the underlying causes with respect to a 
city. They he largely in our tax laws and our zoning laws and most 
?f t~e changes we ar:e tal~ing about in those particular are;s are mov­
mg m the wrong direct10n. Instead of a property tax that declines 
with declining value of the property, we perhaps should have a prop­
erty tax that is fixed, a certam number of dollars on the basis of square 
feet of floor spac~ regardless of age. This would help make the aging 
property economically untenable before it hastens the blight of an 
area. Our urban areas have had most of the forces of internal self­
renewal removed. We are left with economic, legal zoning and tax 
policies ~vhich practically guarantee that we generate slums.' And the 
changes m laws commonly suggested to help are the ones that will in 
the_ long run, deepen the difficulties. The processes controlling ~ur 
social s.rste1:1s are s~ fundamental and powerful that it is difficult 
for outside mtervent10n to succeed unless it acts on causes instead of 
symptoms. 

If we_ change the laws that are producing the underlying economic 
and soci_al. causes we could have a set of policies that would lead to 
automatic mternal self renewal in an urban area. Renewal would hap­
pen as a matter of course without anybody forcing the issue. Govern­
ment can cau_se the proble~s it is trying to alleviate in the same way 
t?at corporat101:s often actively caus~ their trouble. Both do so because 
f~w 1~eop~e realize how the act10ns distributed through the entire orga­
mzat10n u~teract to pr?duce the difficulty. Every piece of the system 
~e~ms sensible and _logical. Each policy has been established in o-ood 
faith. The composite can be a near disaster. This counterintuitive 
character o_f systems is o_nly _beginning to be appreciated. It is impor­
tant to see if_ we are ~ovmg m the right or the wrong directions. Gen­
erally speakmg~, I thmk we are moving in the wrong directions. The 
co1:1nty~vide social stress supports that. I believe the ghetto strife the 
umversity student unrest, and the divisions in the country ca~ be 
traced t? the same set of common causes. Such pressures arise as a sys­
tem begms to enter a new phase of behavior. The growth tradition of 
the past can no longer contmue. 

All the great problems discussed in the newspapers are closely inter­
link~d. Th~y are not isolated. They are related to each other and all are 
mamfest3:t10ns of the ons~t_of _a rising set of pressures being created as 
grov:7th gives ~ay to e9.mhbri~m .. The social, geographical, and eco­
nomic system is no~ Just begmnmg to assert the pressures to stop 
1srowth. If we remam unaware of the oncoming pressures, we will be 
m trouble. :We ~on't have a choice of avoiding the pressures. We only 
have a choice of what blend of pressures ,ve would like to live nnder. 
And I say t~ere is no utopia. There will be a set of pressures but there 
may be a choice before us as to which kind. 

Mr. AsHLEY. The body politic is in very much the same situation as 
the corporation you described. •. 

Dr. FORRESTER. Very similar. 
Mr. AsHL~~- Just a~ it is prevalent for corporate officers to continue 

to ~ake dec1s10ns_ w~ich are certainly meant to be productive, to be 
profitable, b~1t_ which m fact are ~he contrary, so it seems to me we find 
t~e body politic more able, more mclined to respond to pressures by the 
kmd of overt action that you describe rather than the removal of 
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underlying forces which almost presupposes a perfect perception of 
what you have given us this morning, or something close to it. 

Dr. FORRESTER. These ideas can be conveyed to a wide audience. I 
would not hesitate to tead1 the concepts of complex feedback systems 
to students in junior 1 i~-h ;:,l'.11001. I could take them through the entire 
structure of this world dynamics model and they would understand it. 

Mr. ASHLEY. You say that having somewhat convinced me this 
morning. Is that what has given you this sudden confidence in your 
ability to reach the junior high school level of intelligence? 

Dr. FORRESTER,. No, no, such implication. ,Ve have found a high de­
gree of understanding and receptiveness in almost everyone in the 
political area we have talked to. I suppose I came to the urban dynamics 
work with some of the same folklore and prejudices about mer in 
public life that are found throughout t.he population and particularly 
in the universities. Often the popular image is not flattering. But every 
mayor and elected official I have met has shown a sincere interest in 
his problems and seems to be doing the best he is able. Furthermore, 
when the system analysis we are discussing is brought to his attention, 
he wants to understand. 

Mr. ASHLEY. But in many respects we are all the product of the 
myths that are prevalent. 

Dr. FORRESTER. That is right. 
Mr. ASHLEY. Are you familiar with the work of the Committee on 

Intergovernmental Relations? 
Dr. FoRRESTER. No. My own diversification from corporate inter­

ests to socia,l ones is rather recent. 
Mr. ASHLEY. This is a group that has done some oonooptual thinking 

in areas in which you are interested, particularly, as the name of the 
organization would suggest, with respect to governmental and inter­
governmental relations, the need, for example, for a very, very dif­
ferent view of property taxation, but going far beyond that into the 
necessity for governmental strucitures and relationships that are re­
sponsive to the 1970's. I would commend the~r work which would be 
contained in--

Mr. HENDERSON. They have a number of reports. 
Mr. ASHLEY (continuing). Various reports that I will furnish you 

citations of. 
Dr. FOR.RESTER. I wish you would. 
:Mr. HENDERSON. Just one brief question. That is, earlier in your 

testimony you said that our approach has been intuitive in dealing with 
these problems in the past. The difference in your capability, is that 
based largely on the-you mentioned, for instance, the speed with 
which you could analyze problems with computers and so forth. Is it 
thait you can analzye data much quicker to make judgments than you 
could by the intuitive approach we have used in the past, or how much 
of that is a basis for your analytical system? 

Dr. FORRESTER. The key to what we are doing should not be con­
sidered the computer. The computer is a necessary tool. But the key 
is the concepts about the nature of systems and the theory of dynamic 
behavior. This is a difficult professional field which is fully equal to, 
let us say, the field of medicine when it comes to the difficulty and 
nature of training. We don't have the equivalent of the medical schools 
yet. We have perhaps 25 or 30 percent of what I would call an appro-
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pri_ate, nece~sary ed~catio~, but it is goi_ng to be a professional field 
m its own right dealmg with the dynamic behavior of social systems. 

The oi:ily_ place this i~ usu~lly taught in our educational system at 
present 1s m some eng111eermg departments as applied to physical 
contr?l sy~tems. T_he field_ orig~nal!y started i_n electrical engineering, 
~special~y 111 ~lectrical engmee~mg 111 l\~IT. ~t is_now taught in mechan­
ical eng111eer111g and aeronautical engmeer111g m many universitie.s. I 
am speaking of the dynamics of feedback systems or what in engineer­
ing are called servomechanisms. 

It is a much broader field than the engineers realize. It is much 
more fundamental than has been ackn°'dedged until recently. 

The kinds of systems we are dealing ,Yith in social systems are 10 
to a hundred times more complex than those which have been dealt 
with in engineering. So there is a great deal to be done in extending 
the approach. The really new thing here is that we are now across the 
threshold. For the first time the approach has become practical and 
powerful in suggesting answers with re.spect to social systems. But the 
field is only just across the threshold. 

If I were to make any kind of an estimate, I would say that we're 
o~ly 5 percent into the field. Oomparatively, we are now about where 
science and technology were in 1930, and you see everything that has 
happened in science and technology since then. 
. Mr. H~NDER~ON. M?~t of the elements tha~ go into your chart, for 
~nstance, 1f policy decis10ns ooul~ be made this year, the impact is go­
mg to fall 20, or 30 yea,rs out, isn't that-I mean you are talking a 
tre~endous time lag. ,Ve are putting out today's fires here and you are 
talking about steps taken now that will have an impact in patterns 
20 or 30' years out at the minimum. 

Dr. FoRRES'!'ER· That is right. But the longrun good can win some 
support. The mfluence will first occur in those decisions that lie in the 
40 to 60 percent probability of going either way. Then any additional 
argument or additional insight can tip the balance. Fundamental deep­
seate?-, sweeping 9hanges cannot occur until there is a wide~pread 
public understand111g and avvareness, until some of the results of sys­
tem research have been conveyed more widely, until there are text­
books w~thin the reach of high school and secondary school students, 
and u_ntil tJ-iere _a~e professio~al _programs in dynamics of social sys­
tem~ 111 umvers1t1es. There still 1s not a good set of material for uni­
versity use. Even so, at least 50 colleges and universities are starting 
programs in tl!is area. They are making some progress. In another 
decade they will show substantial resnlts. But they are still feeling 
their way at the present time. 

I am talking about an approach to social systems that is very differ­
e?t fr~m what has conventionally been taught in economics and in so­
cial science departments., It must win its reputation by what it ac­
?omplishes. This is beginning to happen. It is inevitable. I am present­
m_g you something that is long run. It must have its influence from a 
wide base_ of support The executive department, in reply to a comment 
i:ii:ade earlier, can probably not use or intmduce such radically different 
ideas about our social systems until there is a base of support in the 
country first. 

~,fr. ASHLEY. Very interesting comrr:ient, that the White House re­
quires SU!pport rat!her than fulfilling a leadership role in a policy 
approach of this kind. 
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Dr. FORRESTER. I think the leadership role can come from anywhere. 
I call your attention to the Club of Rome. It has no official govern­
ment status on the part of any member. This is, I think, the kind of a 
group that can have real influence. They are not bound to a system in 
which they must represent all interests. They can gather together be­
cause they see a need and address themselves to it, let the chips fall 
where they may. If they are right and J?ersuasive, they will have ac­
complished something. If they are not, it is just as \Yell. And in this 
country I would visualize the most rapid influence occurring through 
private individuals, not as any kind of hidden or withdrawn group 
but simply a community of people who begin to understand, who begin 
to write articles, who begin to talk to large numbers of people, and 
who begin to start a ground s,Yell and momentum. Government then 
reaches a point where any action to the contrary must be explained. 
The ideas need to be introduced wherever possible, in Congress, in the 
executive department, but also outside Government in a variety of 
places. 

Mr. AsHLEY. Well, you would be pleased to know that the reports 
of this subcommittee have been very well received; thousands and 
thousands of copies have been issued to universities, upon request. 

Dr. FORRESTER. That is tremendously important. The group that 
will take an interest in these issues is very difficult to reach. It is not 
identified. It is not cohesive. But your hearings can help to reach 
them. 

Mr. AsHLEY. Is there any way of estimating based on your experi­
ence and background how long it might take for a new approach of 
this kind, assuming its validity, to gain broad credence in the academic 
community and therefore among the general public? 

Dr. FORRESTER. Well, it is more like 10 to 20 years than it is one or 
~wo, and partly it is set by the education and training problem. If turn­
mg out a person with professional skill is like turning out a medical 
student, or perhaps even a skillful surgeon, which means practice 
beyond school, you are talking about 5 to 6 years or more. 

Mr. ASHLEY. Yes. 
. Dr: FORRESTER. There are probably not more than a dozen people 
m this country now committed to going that far with their education. 
~ e teac~ ~50 students a year an intr~duction to social system dynam­
I?s, but 1t 1s a cultural treatment. It is one term. It is a new perspec­
tive. But they don't see themselves as going on into a professional 
field. A much smaller number take intensive study. We get most of 
our interested students by happenstance contact in the MIT student 
body. Most tr~n~fer from study in_ an engineering department. The 
process of trammg enough men will be slow. It will take time for 
many of the traditions in the social sciences to change. 

But any new area takes a long time to introduce. Let me go to 
technology for an analogy. 

It took almost 10 years from invention of the transistor until it 
was generally being used in products. The transistor is a straight­
forward job of manufacture, keeping out the contamination, and de­
sign of new circuits. It is elementary and trivial compared to makino­
sweeping change in peonle's ideas. their self-perception, and thei~ 
willingness to abandon old modes of thought. We do not have examples 
anywhere of major change being rapid. The only reason that change 

237 

in this area will be substantial within 10 or 20 years is the desperate 
need. 

New ideas about social systems will be accelerated because people 
cannot afford to ignore them. The ideas have been around for 15 years 
and we could have accelerated them much sooner. But there wasn't 
enough nood. I think that now we will have help, and substantial help. 

Mr. AsHLEY. Mr. Ireland. 
Mr. IRELAND. Thank you. I owe you an apology, sir. I said before 

the hearing that my son would understand this better than I would. 
I am afraid that I have to withdraw that. That is probably the most 
lucid statement I have heard, and I could have made that statement 
a number of times in one brilliant paper. I was in my time a history 
major. I was just wondering on the pressure of 2,000 years, I remember 
being over in Israel one time and learning that at the time of Christ 
ovn there it was a really teeming area. 

Dr. FORRESTER. Which area? 
Mr. IRELAND. Israel. Just north of the Sea of Galilee and in there 

where we have an encroaching desert, and so forth. Were some of these 
population and pollution pressures responsible for that transition 
would you say? 

Dr. FORRESTER. I believe so. I have not studied the area. But I was 
told yesterday by Professor Meadows who is directing our world 
dynamics work that. there is now a high rate of loss of farmland to 
desert. I understand Israel and the Middle East was forested at one 
time where it is now harren. That results from the pressures of overuse 
and the pressures to extract more from the environment than one can. 
\iV e will see such pressure on a much wider scale. Pressure to irrigate 
lanrls leads to poisoning of land very often. 

Mr. IRELAND. This happenstance would not be of course attributable 
to technologies. They had other pressures, possibly being the cockpit 
of wars over there for a long time. And overuse of the nroductive 
capacities of the time. I did a review of the population of Rome itself 
once and found out there was about 2 miJJion, I think, at the time 
of Augustus, and a;bout 200 years later, possibly a little more than that 
bnt before the coming of the barbarians it was down to 400.000. And 
Romf\ was still at the apex of its powers. Some of these pressures could 
have been existing at that ,time. And, of course, Rome finally fell down 
to-the lowest popull'l.tion it ever got was 20,000. It is now back up to 
4 million, which is probably rehastening an evil day on them. 

Mr. ARHLEY. Of <:ourse. what you are saying is that these interrela­
tions have been going on for a long, Jong time. 

Dr. FORRESTER. They have been going on for a long time. They have 
b~en modified by the aoprarance of new technology. Things happen 
to canse the rise and fa11. When the social health of a society declines, 
n, replacement. will form in another place with new goals and policies. 
But we are talking about the dynamics of societies through a broad 
swerp of history. 

Mr. IRELAND. LonQ" rane;e an<l otherwise. 
Dr. FoRRESTER. The kind of problem you spoke o-f in Israel could 

come from crowding- or conl<l be an outgrowth of technology. The 
technology of more intensive farming, even though it is verv crude 
and primitive is nevertheless a demand on the environment that the 
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environment cannot support. It is like the demand on the air over New 
York City, more than can be supported. 

Mr. ASHLEY. Unfortunately, there is a call to the floor of the House 
which will be far less interesting than what we are discussing here 
b~t I do want to tell you, Professor Forrester, that this has been ce/ 
tamly the most ill~minating ~nd challenging presentation that we 
have had before this s:ubcomm1ttee. You have contributed greatly to 
our thinking in this area. 

Dr. FORRESTER. Thank you. 
Mr. AsHLEY. Thank you very much indeed for coming to Washino--

ton and being with us this morning. 0 

T~e subcommittee will stand adojurned until further call of the 
Chair. 

(The papers and article referred to by Dr. Forrester in his state­
ment follow : ) 
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New ways are becoming available for analyzing our social systems. These 
permit the design of revised policies to improve the behavior of the systems 
within which we live. Many of ~he ideas discussed here are treated more 
fully in my book Urban Dynamics~ which shows the city as an interacting system 
of industry, housing, and people. The book presents a theory, in the form of 
a computer model, that interrelates the components of a city. It shows how 
the interacting processes produce urban growth; and cause growth to give way 
to stagnation. Various changes in policies are examined with the laboratory 
model to show their effect on an urban area. A number of presently popular 
proposals are tested-a job training program, job creation by bussing to 
suburban industries or by the government as employer of last resort, financial 
subsidies to the city, and low-cost-housing programs. These all are shown to 
lie between neutral and detrimental in their effect on a depressed urban area. 
The evolution of an urban area from growth into stagnation creates a condition 
of excess housing. Housing is excess compared to the population and compared 
to the availability of income earning opportunities. To reestablish a healthy 
economic balance and a continuous process of internal renewal, it appears 
necessary to reduce the inherent excess housing of depressed areas and to 
encourage the conversion of part of the land to industrial use. By so doing, 
a large enough wage and salary stream can be brought from the outside economy 
to make the area self sustaining. 

* Forrester, Jay W., Urban Dynamics, The M.I.T. Press, 1969. 
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As you can see, these results are controversial. If they are right, it 
shows that most of the traditional steps taken to alleviate the conditions 
of our cities may actually be making matters worse. The book first appeared 
this last May; it is already in the second printing. Although it has so far 
received little public notice in this country, it has become the center of a 
political tempest in Canada. North of the border, newspaper headlines, 
editorials and radio and television panel discussions are debating its merits. 

Urban Dynamics is based on methods for studying complex systems that 
form a bridge between engineering and the social sciences. Although I 
will present here some results from the book, my principal emphasis will 
be on the importance of the methods to all social systems. 

Over a decade ago at MIT we began to examine the dynamic characteristics 
of managerial systems. The field known as "industrial dynamics" resulted.-;, 
Industrial dynamics belongs to the same general subject area as feedback 
systems, servomechanisms theory, and cybernetics. Industrial dynamics is the 
study of how the feedback loop structure of a system produces the dynamic 
behavior of that system. ~n managerial terms industrial dynamics makes 
possible the structuring of the components and policies of a system to show 
how the resulting dynamic behavior is produced. In terms of social systems 
it deals with the forces that arise within a system to cause changes through 
time. 

A design study of a social system seeks changes in structure and policies 
that will improve the behavior of the system. Some people recoil at the 
thought of designing social systems. They feel that designing a society is 
immoral. But we have no choice about living in a system that has been designed. 
The laws, tax policies, and traditions of a society constitute the design of a 
social system. Our available choice is only between different designs. If we 
lament the functioning of our cities, or the persistence of inflation, or the 
changes in our environment, we mean that we prefer a social system of a differ­
ent design. 

The design process is first to observe the behavior modes of a system 
to identify the symptoms of trouble. Second, the system is searched for 
the feedback structures that might produce the observed behavior. Third, 
the level and rate variables making up that structure are identified and 
explicitly described in the equations of a computer simulation model. 
Fourth, the computer model is then used to simulate in the laboratory the 

Forrester, Jay W., Industrial Dynamics, The M.I.T. Press, 1961. 
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dynamic behavior implicit in the identified structure. Fifth, the structure 
is modified until components of the structure and the resulting behavior 
agree with the observed conditions in the actual system. Sixth, modified 
policies can then be introduced into the simulation model ~n search of usable 
and acceptable policies that give improved behavior. 

This design process brings the essential substance of a social system 
into the laboratory where the system can be studied. Laboratory represen­
tation of a social system can be far more effective than most people would 
expect. Anything that can be stated or described about a social system 
can be represented in such a laboratory model. The major difficulty is 
the rarity of skilled professional talent. There are very few men with a 
knowledge of the proper guiding principles and with experience in perceiv­
ing the pertinent feedback structure of complex, poorly defined systems. 
Whatever one may say about the shortcomings of the process, there is no 
comparably effective substitute. 

Surprising discoveries come from this combination of theory and labora­
tory experimentation. We observe that relatively simple structures produce 
much of the complex behavior of real-life systems. We find that people's 
skills in perception are very different from those commonly supposed. It 
is often asserted in the social sciences that people are unreliable in 
analyzing their own actions, yet we find time and again that the policies 
and practices that people know they are following are the ones that interact 
to produce the most troublesome consequences. Conversely it can be clearly 
demonstrated that the vaunted powers of judgment and intuition usually 
deceive the person who tries to guess the time-varying consequences that 
follow even from a completely known system structure. We find that the 
modes of behavior which are most conspicuous in managerial, urban, and 
economic systems are produced by nonlinearities within those systems. The 
linearized models which have been used in much of engineering and the social 
sciences can not even approximate the important modes of behavior in our 
social systems. The most visible and troublesome modes are manifestations 
of nonlinear interactions. We find it.relatively straight-forward to 
include the so-called intangible factors relating to psychological variables, 
attitudes, and human reactions. Again, if the influences can be discussed 
and described, they can be inserted in the policy structure of a model. Any 
person who discusses why people act the way they do, or explains a past 
decision, or anticipates a future action is relating the surrounding circum­
stances to the corresponding human response. Any such discussion is a 
description of decision-making policy. Any such policy statement can be 
put into a system model. 
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A body of dynamic theory and principles of structure is emerging that 
allows us to organize and understand complex systems.* For example, the 
feedback loop becomes the basic building block of systems. Within the 
feedback loop there are two and only two kinds of variable?. One is the 
level variable produced by integration, the other is the policy statement 
or rate variable which governs the changes in a system. The level variables 
are changed only by the rates of flow. The rate variables depend only on 
the levels. Any path through a system network encounters alternating level 
and rate variables. These and many other principles of structure are 
universal in the entire sweep of systems that change through time. Further­
more, the structure of a system determines its possible modes of behavior. 
Identical structures recur as one moves between apparently dissimilar fields. 
These identical structures behave in identical ways wherever they are found. 

The same principles of structure and the same relationships between 
structure and behavior apply to a simple swinging pendulum, a chemical 
plant, the processes of management, internal medicine, economics, power 
politics, and psychiatry. A universal approach to time-varying systems 
is emerging which seems capable of dealing with systems of any complexity. 
We observe that students, as they master the principles and practice of 
dynamic analysis, develop a remarkable mobility between fields of 
endeavor. The same person can clarify the dynamics of how a transistor 
functions, organize the processes of a public health epidemic, design 
new management policies to avoid stagnation in product growth, discover 
the sensitive factors in ecological change, and show how government 
policies affect the growth and decline of a city. 

Some diagrams showing urban behavior will illustrate these ideas. 
Figure 1 shows the central structure of an urban area. The nine 
rectangles represent the selected level variables. The 22 valve symbols 
represent the rates of flow that cause the nine system levels to change. 
Engineers often refer to these level variables as the state variables of 
a system. The distinction between level and rate variables is also 
familiar to anyone who examines financtal statements. Balance sheet 
variables are always separated from variables on the profit-and-loss 
statement. They are separate because they are conceptually quite differ­
ent. The balance sheet variables are system levels. They are created 
by accumulating financial flows . The profit-and-loss variables are 
system rates. This sharp distinction is found in all systems. 

* Forrester, Jay W., Principles of Systems, preliminary printing of 
first ten chapters, Wright-Allen Press, Inc., Room 516, 238 Main Street, 
Cambridge, Massachusetts 02142. 
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In the simplified urban system of Figure 1, nine levels are grouped into 
three subsystems. Across the top the industrial sector contains commercial 
buildings in three categories distinguished primarily by age. Across the 
center are residential buildings in three categories, also distinguished by 
age and condition. Across the bottom are three economic categories of popula­
tion. Because of their complexity, the information linkages connecting the 
system levels to the system rates are not shown on this figure. In this 
figure one can begin to detect the reasons for urban decline. The age of a 
building tends to determine the character of its occupants. A new commercial 
building is occupied by a healthy, successful commercial organization that 
uses relatively more managers and skilled workers than those who are unskilled. 
As the building ages, it tends to house a progressively less successful enter­
prise with lower employment skills. In addition to the changing employment 
mix as the industrial building ages, there is a tendency for total employment 
per unit of floor space to decline. On the other hand, as residential build­
ings age there is a tendency for occupancy to increase as well as to shift to 
a lower economic category of population. One perceives then a condition 
where the aging of buildings in an urban area simultaneously reduces the 
opportunities for employment and increases the population. The average income 
and standard of living decline. 

Figure 2 shows the same nine system levels and one of the 22 flow rates. 
The dotted lines are the information linkages from the system levels to 
control the one flow rate, here the arrival of underemployed population into 
the urban area. The various levels of the system combine to create a 
composite "attractiveness" which determines the inflow rate to the area. If 
the area is more attractive than those from which people might come, a net 
inward population flow occurs. If the area is less attractive, an outward 
flow dominates. Five components of attractiveness are shown in Figure 2. In 
the upper right corner UJM is the underemployed/job multiplier which relates 
the population to the available jobs and represents the income-earning 
attractiveness of the area. The circle UAMM generates the attractiveness 
created by upward economic mobility. In other words, an area with high 
upward economic mobility is more attractive than one offering no hope of 
advancement. The circle UHM relates the underemployed population to the 
available housing. The area becomes more attractive as housing becomes more 
available. UHPM represents the attractiveness of a low-cost-housing program 
if such exists. And in the lower right corner PEM is the influence on 
attractiveness of the public expenditure per capita. As per capita expendi­
ture rises, it means better public services, better schools, and higher 
welfare budgets. 
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The concept of attractiveness is fundamental to the population flows. 
All of the characteristics of an area that make it attractive, these five 
and many more, combine to influence migration. An attractive area draws 
people. But almost every component of attractiveness is dr_iven down by 
an increase in population. If there is an excess of housing, the area is 
attractive, but a rising population crowds the housing. If there is an 
excess of jobs, the area is attractive, but the incoming flow of people 
fills those jobs. In other words, migration continues until the attrac­
tiveness of the area falls and becomes equal to all other places from 
which people might come. 

An important idea follows from examining these components of attrac­
tiveness. In a condition of population equilibrium, all areas must be 
equally attractive to any given population class, otherwise net migration 
would occur. If one component of attractiveness is increased in an area, 
other components must necessarily fall to establish a new equilibrium. 
Compensating changes in the components of attractiveness explain many past 
failures in our cities wherein we attempt to improve one aspect of the 
city only to discover that other aspects have become worse. 

In making a laboratory model of a social system one should not attempt 
straightaway to solve a problem. Instead one should generate a model which 
will create the trouble symptoms. Only if one fully understands the 
processes whereby difficulties are created can he hope to correct the 
causes. This means that we want a model of an urban area which can start 
with empty land, grow a city, and show the processes whereby economic 
health falters into stagnation and decay. 

As another guide to modeling, one should start, not by building a 
model of a particular situation, but instead should model the general 
class of systems under study. This may seem surprising, but the 
general model is simpler and initially is more informative than amodel 
of a special case. Here we wish to model the general process of urban 
growth and stagnation. It should be a model which, with proper changes 
in parameters, is good for New York, Calcutta, a gold rush camp, or 
West Berlin. These all seem to have very different characteristics but 
they have certain elements in common which describe their urban 
processes. There are fewer concepts which are common to all than are 
to be found in any one. The general model can strip away themultitude 
of detail which confuses any one special situation. The general model 
identifies the central processes and is a statement of the theory for 
the entire class of systems. 
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Figure 3 shows the behavior of the laboratory model of an urban area. It 
presents the nine system level variables over 250 years. The first 100 years 
is a period of exponential growth but then the land area becomes filled, 
growth ceases, and the aging process begins. At year 100 near the end of the 
growth phase, the labor population is almost double the underemployed popula­
tion. This is a healthy mix which is well matched to the job distribution in 
the area and which gives a high upward economic mobility to the underemployed 
population. But by year 150, the labor population has fallen and the under­
employed population has risen until these two groups are almost equal. 
Business activity has declined and the area has taken on the characteristics 
of a depressed city. This has occurred because of the way that the industry, 
housing, and populations in Figure 1 have interacted with each other. 

Figure 4 shows other variables during the same 250 years. Notice espe­
cially the underemployed/job ratio and the underemployed/housing ratio. 
During most of the first 100 years of growth these two ratios were almost 
constant. The underemployed/housing ratio was high (above the center of the 
figure) meaning that the population is large compared to the housing. In 
other words, during the first 100 years there was a housing shortage for the 
underemployed population. On the other hand, the underemployed/job ratio 
was low, meaning that the population was below the job opportunities, jobs 
were readily available, economic opportunity was good, and upward economic 
mobility was high. During this early period of growth and high economic 
activity, the underemployed population was being effectively adjusted in 
relation to other activity by balancing good economic opportunity against a 
housing shortage. 

But between 90 and 140 years, notice the sharp reversal of the curves 
for underemployed/job ratio and underemployed/housing ratio. Within this 
SO-year span, the underemployed have increased while available jobs 
decreased; the result is a precipitous rise in unemployment. But in this 
same period, the housing that is aging and becoming available to the under­
employed is rising even more rapidly than the underemployed population. 
Jobs have become scarce while housing has become surplus. The model is 
behaving the way our cities do. 

Many people seem not to realize that the depressed areas of our cities are 
areas of excess housing. The economy of the area is not able to maintain all 
of the available housing. Because of low incomes, people crowd into some 
dwelling units while other buildings are abandoned, stand idle, and decay. 

Recall the earlier comments about compensating movements in the compo­
nents of attractiveness. Here, as housing becomes more available, jobs 
become more scarce. The stagnating urban area has become a social trap. 
Excess housing beckons people and causes inward migration until the rising 
population drives down the standard of living far enough to stop the popu­
lation inflow. Anything which tends to raise the standard of living is 
defeated by a rise of population into the empty housing. 
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Figure 5 shows 50 years beginning with the conditions found at the end 
of Figure 3. At time O, a low-cost-housing program is introduced which 
each year builds low-cost housing for 2.5% of the underemployed population. 
Observe what happens. Underemployed housing, which is being actively 
constructed, rises 45%, but premium housing falls 35%, and worker housing 
falls 30%. New enterprise declines 50% and mature business declines 45%, 
all in the SO-year period. Economic conditions become sufficiently worse 
that even the underemployed population, although it rises intially, 
eventually falls to slightly less than its beginning value. These changes 
are a result of the low-cost-housing program. 

In Figure 6, the corresponding underemployed/job ratio has risen 30% 
indicating substantially higher unemployment while the underemployed/housing 
ratio has fallen 30% indicating a still higher excess of housing. Again, 
the two components of attractiveness compensate for one another with better 
housing and a falling standard of living. In the long run, the 
low-cost-housing program has not served the interests of the low-income 
residents. Instead, it has intensified the social trapping characteristic 
of the area, Over the period, the tax levies rise 35%. The area has become 
worse from almost all viewpoints. 

In this same manner job training programs, job creation programs, and 
financial subsidies were examined. All lie between ineffective and 
harmful. The low-cost-housing program was the most powerful in depressing 
the condition of a stagnant urban area. 

The depressed areas of our cities seem to be characterized by excess 
housing compared to jobs and by excessive concentration of low-income 
population. These conditions, created by aging industrial and dwelling 
buildings, interact to drive out the upper-income population and business 
activity, and to reduce the tax base. Once the decline starts, it tends 
to accelerate. Unless one can devise urban management policies that 
produce continuous renewal, difficulties are inherent. 

"! 
:;2 
CX) 
~ 

CX) 

"' ' 0 

~ 
"' 0 

5 
"' C0 _, 
5 
a 
► 
I-

u 

'? 
w 

' >-
I-

u 

0 
~ 

w 
LO 
< n. 

"' . 0 
~ 
CX) 
~ 

co 

"' ' 0 

~ 
"' 0 

::,; 
::, 

"' a, 

-' 
3 
3 
► 
I-

u 

'? 
w 

' ► I-

u 

w 
LO 
< n. 

0 
II 

~ 
C0 
II 

~ 
w 
II 
w :z 
% 
II 
n. 
~ 
1f 
~ 
; 
II 

~ 
9r 
::c .,__ 
_, 
II 

~ 
::, 

£ 

I-
II 

0:: 
I-

i z 
"' I--ISi 
II 

~ 
~ 
'i? 
0:: 
::, -~ 
0:: 

~ 
~ 

II 

~ 
~ 
II 

°' ~ 
rt 
g§ ,. 
::, 
II 

~ 

I • 

:c :c 
...J _, 

249 

• I • • • • • • • • • I • • • • • • . ' • • • • • • • I • • • • • • • • • I 

~~~· 
0001 

"'''"'> ...-~ 

::,-------
I I --'I. 

............ ••••• ..... _,,,:.... ---..._..__ Labor 
• o • I -:,: ..... ;,o I -'~ ✓ 
88~~~~ ·:· i • •••••••I -~~~---~-~ • • •••••••I • .55 C:_; • I i • • • ••I 
,.,.,_ I I I I--~- I ' ss 'A 

1 1 , ooooooooool!'i~l!'iii!;••="•ooo , , 
coccccccocooocoocooo ••••••~~~~--~□ cc 1 
I I I I I ~ :!S :1=•. 

""···· ,1, ............. ;;;;z • % ' ~Managers ' ' I I • - X £ '.z=W,::E: I I 

'"";~~• I I ~-E77 lrF2 1%::S I 

~~~ I • • • • 
1 

• • • • • • • • • 
1 

• • • • • • • • • 
1 

• • • • • .3;~-; • •£.!i.22:!l!~X.l.Tsf • • • • • • • 
~ I I fll!!!lllill..... I I I I 3£222Z•lllf!· 

'}-£.,_£[ ~£.,_[[£:e:!'..,_iff'tg::f Cccp I : ./ Mature business : 
n. n.n. n. n.a::: £ & D, '~It -.I. 

~wwww t!..wwwwwwww • I · Q..Q..Q..O... ..._ --a... • ~t I O..Q a a a~ 
1 1 wwwwwwwwwww~w 1 1 • -
I I wwwwwwwwwwwwwwwwwwwwwwwwwwwww 

~~~I I 
000 

I • • • • . . 
"' 0 

' 

Figure 5. 

• • • • • • • • • I . . ' . ' . • I • • • • • • • • • 1 . 
0 
N 

Years 
0 .., 0 ..,. 

Decline of urban area caused by low-cost-housing 
construction each year for 2.5% of the underemployed. 

Underemployed 
• • to job ratio • I • • • • • • • .. ' 

~----~-----------------------------:---------+---------~ I I 

• • • I 
ooo, •••• , •••••••••• •••••••••• •••••••••• •••••••••••••••••••• 

"' 0 
' 

. 
0 
N 

Years 
Figure 6. Rising unemployment and falling occupancy of housing. 



250 

Figure 7 shows an urban condition that begins with stagnation and then 
changes toward revival. Here 5% of the slum housing is removed each year 
and the incentives for new enterprise construction are increased somewhat. 
The result is a cascading of mutual interactions which raise the economic 
activity of the area, increase upward economic mobility for the under­
employed population, and shift the population internally from the under­
employed to the labor class. This is done without driving the existing 
low-income population out of the area. Underemployed housing is reduced. 
Initially this reduction comes largely from the empty housing. The 
resulting housing shortage restrains the population inflow which would 
otherwise defeat the revival of the area. 

Figure 8 shows the same SO-year span as in the preceding figure. Here 
again, employment and housing move in opposite directions. The 
underemployed/job ratio falls which means more jobs and lower unemployment. 
On the other hand, the underemployed/housing ratio rises which means a 
tighter housing situation. If the economic circumstances are to be improved, 
we must accept some compensating change in other components of attractive­
ness. Here it is the increased tightness of housing which allows job 
opportunities to increase faster than population until a good economic 
balance is reached. I stress economic revival as the first stage of rebuild­
ing a depressed area because it appears that an economic base must precede 
social and cultural development. 

It is simply not possible to increase all of the attractiveness compo­
nents of an area simultaneously. Attractiveness is here defined in a very 
broad sense. For example, legal restrictions like an immigration barrier 
into a country can produce enough "unattractiveness" to inward migration 
so that other components might be maintained at a high level. But wherever 
one component of attractiveness is high others will be found low. 

Engineers, especially, should consider the compensating changes that 
will occur in the attractiveness components of an area because engineers 
tend to deal with economic considerations and technology. Economic and 
technical factors are more concrete than the intangible "quality of life" 
variables. The economic and technical aspects of a city are the ones we 
most easily see how to improve. Our technological society tends, there­
fore, to observe, react to, and improve the economic and technical 
aspects of a city. Such improvements increase the technical and economic 
components of urban attractiveness. But as a result, population density 
rises until the urban area once again reaches attractiveness equilibrium 
with its environment. The burden of forced reduction in other components 
of attractiveness falls on the quality of life variables-crowding, 
pollution, and psychological stress. These less tangible variables have 
been weak, hard to measure, and have been defenseless against the 
persuasiveness and the certainty of improvement shown by the technical 
and economic considerations. But we are entering a time when a reversal 
will occur between the formerly weak and strong variables. For a 
substantial fraction of our population, the standard of living is already 
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high enough so that more gain in the economic and technical areas will come at 
too high a price in the quality-of-life components of our environment. The 
engineer, if he continues to serve society, must balance a greater numb e r of 
social needs against one another. At one time his task was simply to balance 
financial cost against economic performance of his technology. Now the product 
and also the medium of payment are both expanding. Social value and quality 
of life become part of the product. Psychological stress, ugliness, and crowd­
ing become part of the cost. Engineers who fail to recognize this broadened 
role will be vilified and castigated by a society which perceives them as 
narrow and insensitive to the demands of the times. 

When a system misbehaves, we should ask ourselves what policies within 
that system cause the undesirable characteristics. If we examine the laws 
under which a city operates, we see a structure of regulations which could 
hardly be better designed to create stagnation and decline. The aging and 
decay of buildings is central to the urban decline process, yet we see 
throughout our tax laws and regulations numerous incentives to keep old 
buildings in place. As the value of a building decreases, so do the 
assessed taxes. The reduced expense makes it possible to retain the old 
building longer. For income tax purposes under some circumstances the 
value of a building can be depreciated several times. This produces 
incentives to keep an old building in place. Here is not the place for 
detail, but it seems clear that a different set of tax laws and city regu­
lations could be devised to produce the individual incentives necessary for 
continuous renewal. As an example, I recently saw a suggestion that each 
building have a mandatory trust fund into which the owner must pay a levy 
each year. At any time, whoever owns the building can draw out the money 
in the trust fund if he demolishes the building and clears the land. This, 
you see, would create an earlier incentive for replacement. Property 
tax levies and income tax accounting could both be changed to produce 
pressures in the same direction. 

Our studies of managerial, urban, and other social systems have uncovered 
many general characteristics of complex systems to which we must be alert if 
we are to avoid continuing to create detrimental modes of behavior. 

First, complex systems are counterintuitive. They behave in ways that 
are opposite to what most people expect. They are counterintuitive because 
our experience and intuition have been developed almost entirely from 
contact with simple systems. But in many ways, simple systems behave exactly 
the opposite from complex systems. Therefore, our experience misleads us 
into drawing the wrong conclusions about complex social systems. 

Second, complex systems are strongly resistant to most policy changes. 
A new policy tends to warp the system so that slightly changed levels 
present new information to the policy points in the system. The new 
information, as processed through the new policies, tends to give the old 
results. There are inherent reasons within complex systems why so many of 
our attempts at correcting a city, a company, or an economy are destined 
to fail. 
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But, third, the converse is also true. There are points in systems from 
which favorable influence will radiate. Often these points are difficult to 
perceive. Often the action required is the opposite to that which might be 
expected. But when these points are found, they tend to ra~iate new informa­
tion streams in such a way that the new circumstances, when processed through 
the old attitudes and policies, produce a new result. 

Fourth, complex systems tend to counteract most active programs aimed at 
alleviating symptoms. For example, Chapter 4 in Urban Dynamics shows how a 
job training program can increase the number of underemployed in a city. When 
outside action tries to alter the condition of a system, the system relaxes 
its own internal processes aimed at the same result and throws the burden ever 
more onto the outside force which is attempting to produce a correction. The 
internal need for action is reduced and the external supplier of action must 
work ever harder. 

Fifth, in complex systems the short term response to a policy change is 
apt to be in the opposite direction from the long term effect. This is 
especially treacherous. A policy change which improves matters in the short 
run lays a foundation for degradation in the long run. The short tenure of 
men in political office favors decisions which produce results quickly. 
These are often the very actions that eventually drive the system to 
ever-worsening performance. Short-run versus long-run reversal processes 
are all around us. If an agricultural country is to industrialize, it must 
accumulate railroads, factories, and steel mills. This capital accumulation 
can only be done by forgoing consumption and reducing the standard of living 
first in order that the standard of living may rise at a later time. If a 
company faces declining earnings because its products are obsolete, it must 
invest more heavily in product research and incur even deeper short-term 
losses if it is to recover in the more distant future to a profitable product 
stream. A student forgoes short-term earning opportunities by attending 
college in order to increase his longer-term earning capability. This 
reversal between the short run and the long run occurs repeatedly. 

Sixth, a system contains internal dynamic mechanisms that produce the 
observed undesirable behavior. If we ignore the fundamental causes and 
simply try to overwhelm the symptoms, we pit two great sets of forces 
against one another. In general, our social systems have evolved to a 
very stable configuration. If the system is troublesome, we should expect 
that the causes of the trouble are deeply embedded. The causes will out­
last our persistence in overwhelming the symptoms. Furthermore, the 
internal pressures usually rise to counteract a corrective force from the 
outside. We can expend all our energy to no avail in trying to compensate 
for the troubles unless we discover the basic causes and redesign the 
system so that it spontaneously moves to a new mode of behavior. 



II 

I 
ii 

,I 
II 

I 

I 

11 

' 

I 
' 

-

254 

And as the last of these characteristics of complex systems, we must 
recognize that a certain ensemble of conditions goes with each possible 
mode of a system. More specifically, each mode of a system is accom­
panied by a set of pressures characteristic of that mode. We can not 
sustain a particular mode unless we are willing to accept the correspond­
ing pressures. For example, contrast the depressed mode of a city in 
Figures 5 and 6 with the revived mode in Figures 7 and 8. The depressed 
mode is one characterized by the pressures that come from decaying 
buildings, low incomes, and social disorientation. But the revived mode 
also contains pressures. The revived mode is sustained by the housing 
shortage and the legal and tax pressures that generate a steady demolition 
and replacement of old buildings. But everyone in the system will want to 
alleviate the pressures. Active industry will want more employees; 
residents will want more floor space; and outsiders will want housing so 
they can move to the attractive job opportunities. Rents will be high. 
These pressures are easy torelieveby increasing the fraction of the land 
area permissible for housing, by keeping old buildings in place longer, 
and by allowing taller apartment buildings. But such moves will start the 
area back toward the depressed mode. We must decide the kind of system we 
want with knowledge of and acceptance of the accompanying pressures. 
Instead, much of our social legislation of the last several decades has 
consisted of trying to relieve one set of pressures after another. The 
result is a system mode characterized by inflexibility, conformity, crowd­
ing, frustration, supremacy of the organization over the individual, and a 
choking of the environment. And the resulting pressures, acting through 
the counterintuitive and short- versus long-term reversal characteristics 
of complex systems, may well move us further in the same direction. 

I am suggesting that the time is approaching when we can design social 
systems to obtain far better behavior. Different policies could change our 
urban areas from ones which are designed to deteriorate into ones which are 
designed for self renewal. One can foresee a time when we will understand 
far better the relationships between monetary policy, interest rates, 
unemployment, and foreign exchange. Already such studies have thrown new 
light on the processes of corporate growth, on the reasons for product 
stagnation and loss of market share, and on the growth and decline of cities. 

But to design new policies for social systems requires a level of skill 
which is rare. The kind of system modeling and policy design which I have 
been describing requires a professional training at least as extensive as 
that in any of the established professions. The proper training requires 
theory, laboratory, case studies, apprenticeship, and practicing experience. 

But in the area of designing the dynamic behavior of social systems, 
there are as ye t no adequate professional schools. The educational 
materials are still in the development stage. The few who show skill in 
this area have learned by apprenticeship and by trial and error. 

..... 
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This audience, interested as it is in the long-run improvement of society, 
can make its greatest contribution by encouraging research and educational 
programs aimed at developing a high level of talent. Again the long-run 
competes with the short-run. Creating educational materials and teachers will 
at first absorb money and talent which in the short run might instead be 
devoted to solving particular present social problems. Unless a properbalance 
is maintained, with substantial energy devoted to establishing an educational 
capab~lity for enlarging the future pool of skills in social system design, 
the time when we can master our own systems will be further delayed. 
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-I: 
TOWARD A NATIONAL URBAN CONSENSUS 

Jay W. Forrester 
Professor of Management 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 

March 6, 1970 

This paper proposes steps for reaching a national consensus on redirecting 
the forces of urban evolution. As background, it first discusses the nature of 
the urban system and the processes of city planning. 

In Urban Dynamics* I have shown how business, housing, and people can inter­
act to produce the growth and decline of a city. This is done by interrelating 
fairly noncontroversial assumptions about the urban components in a computer 
simulation model. The computer then shows the behavioral consequences of the 
social system that was described in the model. Such a computer model is based 
on assumptions like the ones we make in our mental models that we use for 
intuitive reasoning. In general it appears that such assumptions about the 
behavior of separate parts of a system are sound but that the human mind is 
poorly adapted to tracing the consequences of the assumptions. In reasoning, 
even from correct assumptions, we readily mislead ourselves. However, the 
strength of the computer is the reverse; although it can not provide the struc­
ture of a model, it can reliably and completely show the consequences of any 
assumed set of relationships. A new power in understanding our cities is 
achieved by combining newly emerging concepts of system structure and dynamics, 
the computer to simulate model behavior, and the knowledge of the urban compo­
nents possessed by those who have experience in city living and leadership. 

The method in Urban Dynamics, though not necessarily the particular model, 
can be used to examine the effect on a city from any proposed policy change. 
As seen in actual cities and also in the computer model of an urban area, the 
results from a policy change are often unexpected. Many past efforts to 
improve the city have been futile or detrimental. Unless we act to understand 
our social systems better, we can expect the same futility and failure in the 
future. 

This discussion assumes the reader has first read my book Urban Dynamics 
(M.I.T. Press, Cambridge, Mass.) or at least my paper "Systems Analysis as a 
Tool for Urban Planning," presented at the National Academy of Engineering in 
Washington, D.C. on October 22, 1969. 
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The Nature of Urban Systems 

From the study of complex systems we have learned many things: 

1. The trouble symptoms of a social system (such as a city, a 
corporation, or a national economy) are usually produced 
by the interactions of obvious and well-known parts of the 
system. Because mental reasoning is unable to deduce 
dynamic behavior from a knowledge of the separate compo­
nents, we fail to realize that known policies, actions, 
and relationships can be the cause of system malfunction. 

2. Policy recommendations from model simulation are not highly 
sensitive to the input assumptions if those models properly 
reflect the structure of our actual systems. The nature of 
policy recommendations usually do not change when the input 
assumptions are changed throughout the range of our 
uncertainty as to their true values. But results do depend 
on proper modeling approaches and do depend on having the 
proper model structure. (See Appendix Section B.3 of Urban 
Dynamics.) 

3. Our complex social systems do not behave in accordance with 
most intuitive reasoning. Very often the "corrections" we 
undertake to improve a system actually make matters worse. 
(See Chapter 4 of Urban Dynamics.) 

4. Social systems are self-regulating, feedback organizations. 
As such, they resist efforts from the outside to change 
their condition. A simple example of this recalcitrant 
behavior is seen in a room that is too hot because the 
thermostat is set too high. If someone tries to cool the 
room by opening a window (that is, he brings in a force 
for change from the outside), the thermostat turns the heat 
higher to try to hold the room at the temperature set on 
the thermostat. (See Urban Dynamics Section 4. 2 where job 
training can increase the number of underemployed, Section 
4.3 where a financial subsidy to the city can increase the 
needed internal tax rate, and Section 5.6 where stricter 
standards and restrictions on middle-income housing may 
actually increase the amount of that housing.) 

5. A policy change in a social system usually produces a short­
run effect that is opposite in direction to the long-run 
effect. Actions that relieve immediate pressures can 
reverse their effect at a later time and cause even worse 
deterioration and stresses. (See Urban Dynamics Section 4.4 
where a low-cost-housing program creates a small, brief 
reduction in unemployment followed by higher unemployment, 
or Section 4.2 where a job-training program at first reduces 
the number of underemployed followed by an increase.) 
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6. Each condition that a city may exhibit has a corresponding set 
of social or economic pressures. For any urban goal that a 
city chooses, the citizens must be prepared to live with the 
corresponding pressures or disadvantages. If the particular 
pressures are eliminated, the city shifts to a different mode 
with a different set of pressures. (See Section 7.5 of Urban 
Dynamics.) 

7. The "attractiveness" of a city is a composite of dozens of 
factors that give a city its character. The components 
of attractiveness include housing, job opportunities, tax 
rates, public services, cultural activities, crowding, 
prices, pollution, accessibility, safety, location, weather, 
etc. (See Page 117 of Urban Dynamics.) 

a. Most components of attractiveness are reduced 
as the total population and the population 
density increase above some favorable range 
of human aggregation. 

b. It is not possible to maintain high values 
for all components of urban attractiveness. 
Any area with a high composite attractive­
ness draws people until the composite 
attractiveness is driven down to equilib­
rium with other areas. 

c. If any aspect of an urban area is improved, 
some other aspect must and will show in 
time a corresponding decline. (for example, 
falling job or housing availability, or 
rising land prices, pollution, commuting 
time, or crowding) 

d. Urban planning that fails to choose the nega­
tive factors that are to be used to limit 
population and population density will 
encounter unexpected negative factors being 
created by the dynamics of the system in 
response to population movement. 

8. Humanitarian impulses and motives lead to actions that often have 
only fleeting value. Policies based on alleviating social 
distress often fall into the class of changes where short-term 
improvement is followed by long-term deterioration, even for the 
group that the policy change is intended to help. Many of our 
cities are now caught in a vicious circle of worsening troubles 
created by acting with the best of intent and humanitarian objec­
tives but with results that accentuate the social trapping effect 
of ghetto areas, actually increase (not just move from place to 
place) the number of the low-income population, and reduce the 
chance of economic escape from poverty. 

p 
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How We Have Designed Cities 

Our cities have not been designed by city planners. What planner would claim 
to have designed Harlem in New York or Roxbury in Boston as.those areas exist 
today? At best, urban planners launch only the initial phase in a cascade of 
changes through which an urban area relentlessly falls. 

In a very real way, our cities are being designed by the dynamics of the urban 
structure itself. We have set in motion a self-directing system that is leading 
us into our "urban crisis." The present procedure for designing an urban system 
is to respond sequentially to the social pressures that develop. As each pressure 
arises, we attempt a direct assault on either the symptoms of difficulty or on 
what appears to be the immediate cause. 

In searching for causes, we look close in time and location to the symptoms 
of difficulty. The nature of complex systems produces an apparent cause near to 
the symptoms. But this apparent cause is usually a coincident symptom and is 
not a lever through which the fundamental difficulty can be corrected. By 
accepting the apparent cause that the system presents, we are misled into action 
that merely shifts the symptoms of trouble to another point. We fail to reach 
the true causes that lie deeper and more remote within the system. 

As we act to relieve one set of symptoms, we cause another set of symptoms 
to arise. The system itself determines a sequence of pressures which lead 
people from one action to the next, each action creating the next trouble point. 

This pattern of reaction to one pressure after another is itself a system 
design procedure, but it is a defensive procedure . It leads to a result we do 
not like . We are led through a sequence that is generated by the structure 
and policies of the system itself. We are not working toward realizable goals 
that describe the best kind of city that is possible. 

Unless the characteristics of complex systems become understood and recog­
nized in city planning and in our national attitude toward the urban situation, 
those plans will fail. Most city development plans and national ac tions 
violate one or more of the requirements imposed by the fundamental dynamic 
nature of an urban system. By attempting the impossible, by adopting policies 
that have the reverse of the intended effect, by seeking utopia with means that 
produce disaster, and by attacking the very pressures that must accompany 
desired urban behavior, we sustain the national frustration while the urban 
crisis worsens. 

In stressing the reasons for having arrived at our prese~t urban dilemma, 
I do not imply either incompetence or lack of good intent on the part of past 
urban leaders. Our social systems are so complex and are of such a nature and 
structure that there has been almost no possibility that effective policies 
could have been established by judgement, argument, and compromise. Even a 
person well trained in the dynamics of complex systems does not correctly 
anticipate the behavior of even a laboratory model system although he may have 
complete knowledge of the struc ture and policies of the model. Only by going 



260 

through extensive computer simulation (that is, e x amination of the system in 
the laboratory under a variety of circumstances) does he develop insights 
about how the compone nts of the sy stem interact. 

Defects in Current Urban Proposals 

The following observations about the current urban condition sets the stage 
for discussing future directions: 

1. The search for more money domin a tes a lmost all discussion of 
the "urban crisis." But no one stops to explain why we have 
a system that demands ever mor e outside support. At one 
time cities served themselves and the surrounding country­
side. There are indications that more money will at best 
postpone the day wh e n the fundamental causes of urban decline 
must be faced; at worst, more money can hasten the decline. 
For ex ample, if traffic delays justify money for central 
arteries, that increase traffic, that require more parking 
garages, that bring in more people, that force up building 
heights, that produce more traffic, that cause traffic delays, 
we find "the faster we run, the behinder we get." Any 
tracing of proposed uses of more money brings us into such 
circular processes. Money from the outside is probably not 
a solution except under the impossible conditions of an 
ever-increasing rate of outside subsidy that can keep ahead 
of the further demands that the subsidy itse lf creates. We 
built our cities in the first place by internal economic 
processes, why do we believe it is impossible to maintain 
them? There are indications that cities would revive by them­
selves and be self-sustaining if we eliminate the positive 
incentives that cause decline. 

2. The desperate effort to raise more money is leading to actions 
that are self-defeating even from the monetary viewpoint. 
Graduated state income tax, payroll tax, tax on improvements 
rather than land, the shift of tax from persons to business, 
and similar proposals, penalize the most mobile parts of the 
urban corrnnunity. The result is a selective process that dr aws 
to the central city those people and activities that a re not 
self-supporting and repels those people and activities that 
are most needed to maintain a heterogeneous community, social 
stability, and economic vitality. This destructive process is 
widely recognized, but the short-term pressures are thought to 
be so high that little is done to get off the declining spiral. 

3. By reaching beyond the city for suburban and state tax support 
to compensate for the ill-advised policies that govern our 
urban areas, we are on the verge of converting whole states to 
the "urban crisis." The Northeast quadrant of the Unite d 
States is especially vulnerable. This is the old industrial 
sector. Within the boundary connecting Milwaukee, St. Louis, 
Washington, Boston, Buffalo, Detroit and Milwaukee, lie the 
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oldest buildings in the country. Here are concentrated the declin­
ing areas. This entire area is showing "urban decline" symptoms . 
The other three quadrants of the United States are acting as the 
"suburbs" to this old industrial quadrant. As buildings age and 
taxes rise, the more mobile and more economically effective segments 
of business and population are moving to the "suburban" t hree 
quadrants of the country . The South and West are showing much more 
rapid economic growth than the Northeast. The "urban decline" 
spiral then begins to appear as low-income population concentrates 
in the Northeast quadrant to take the place of those who are 
moving away . Costs and taxes rise further, the population mix 
continues to shift in an unfavorable direction and more forcefully 
drives out those who have mobility. 

4. As cities grow and become congested, it appears that total "over­
head" costs are growing disproportionately. We should examine 
optimum size, design, and distribution of activities within a 
city . It is possible that the trend toward increasing the bound­
aries of metropolitan government should be reversed . 

5. We seem to be in a cycle where communities disintegrate, c rime 
rises, more police protection is required, but more police 
remove the need for corrnnunity self-discipline and indirect l y 
cause more crime. The hypotheses about these social cycles 
need to be modeled to see which assumptions agree with the 
observed behavior. 

6 . The demands for expanded metropolitan government should be 
questioned. Why do we want larger urban governments? Are 
the biggest cities free of problems? Is an extended urban 
boundary a solution to anything? Probably only in the 
short run . Annexing a suburb which has not yet started 

Urban Goals 

its economic decline may give a momentary boost to the tax 
base, but the action may hasten the decline of the annexed 
area and enlarge the area of urban blight. Metropolitan 
water districts and other self-supporting organizations 
that sell their services at full cost are probably neces ­
sary and not to be confused with expansion of ci t y gove r n ­
ment . With larger government goes public futility , 
frustration and indifference, all of which become more 
debilitating with time. 

No achievable goals are guiding our urban planning . Wi t hout clear goals of 
what a city i s to be t hirty to fifty years hence , t here i s no basis fo r choosing 
be t ween present alterna t ives . We must think tha t far ahea d because t he i nstitu­
tions, buildings, services, facilities and populations now being established 
will last that long . 

---
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Most organizations, be they corporations or cities, avoid explicit goals 
because goals imply commitments and,even more important, any clear goal favors 
one group over another. Most city planning groups refuse to take sides; they 
want to be all things to all people; they subscribe to all conceivable goals. 
But if separate steps are taken toward goals that are incompatible, the result 
may be failure in all of the goals. 

Many of the "master plans" and "goals for the city" amount to more and 
better of everything for everyone. As such they set impossible goals. A city 
can not be better than its environment in every respect. Try to imagine a 
city that has less crowding and pollution, more jobs and housing, higher wages, 
lower rents, and finer amenities than its environment. What happens? People 
move in until prices rise or the urban system becomes so overloaded that it is 
no longer superior. 

The "attractiveness principle" (see Urban Dynamics, page 117) asserts that 
if one aspect of a city is improved, another must and will decline. Each 
improvement will carry with it a negative compensation. I have seen no master 
plan that specifies the disadvantages that will be made severe enough to control 
population and population density to compensate for proposed improvements. 

The current crop of plans for cities will not alleviate the urban difficul­
ties. They will fail at one of two stages. First, most of them depend on huge 
infusions of money, money which will probably not be available, so the plans 
fail by not being implemented. Second, if such a plan is implemented, it will 
not be dynamically sound. It does not contain the necessary negative counter­
balances to the proposed improvements and so the urban system will generate 
unfavorable factors in unexpected directions. The utopian plans are not viable 
and contain the mechanisms for their own destruction. 

Directions for Thinking 

If the troubles in a social system are created by its internal structure and 
policies (laws, tax regulations, zoning, etc.) and if external forces to correct 
the symptoms will usually be defeated, it means that the salvation of the city 
must originate from the inside. If forces for internal revival are to be estab­
lished we must reverse our thinking in several crucial areas. 

1. Money. Emphasis should be shifted away from money as the cure-all. 
In demanding more money as the solution to urban problems, people 
overlook the fundamental dynamic process now at work in the city. 
That process: as the city expenditures rise they reduce the 
pressures for fundamental solutions and allow the underlying causes 
to generate further demands to match the growing expenditures. In 
other words, the basic control process is for demands to rise to 
meet the available revenues. Is it not curious that all of the 
older cities are in approximately the same degree of difficulty 
regardless of their physical size or the magnitudes of their 
budgets? None are amply funded. None are conspicuously more 
desperate than the others. There must be a reason for this unifor­
mity of distress that is independent of the size of the budget. 
The answer is that the problems and the budget grow hand in hand, 
neither can outrun the other. If the revenue resources get ahead, 
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they are spent in such a way that they generate matching problems. 
If the troubles get ahead, the pressures rise to increase revenue, 
or fundamental steps are taken to alleviate underlying causes, or 
enough population moves elsewhere to reduce the pressures within 
the particular system. Perhaps the quickest way to force a recog­
nition and correction of the fundamental causes of urban decay 
would be to remove all expectation of future financial assistance 
to the cities by state and federal governments. The trend toward 
interpreting urban problems as a financial demand on higher levels 
of government must be reversed. Higher levels of government can 
be most effective in exerting pressures for local action and by 
altering the tax policies that encourage the perpetuation of old 
buildings in declining urban areas and by reversing the policies 
that favor housing over jobs so that residential construction will 
no longer rise beyond the economic population-supporting capacity 
of the area. 

2. Tax Laws. The property and income tax laws favor old buildings. 
The aging of buildings is an intimate part of the urban decline 
process. Shifting taxes off from real estate and onto incomes 
means that the old buildings and the land they occupy need not 
be used effectively and can be allowed to decay with little tax 
penalty. Real estate taxation proportional to market value 
means that taxes decline as the property ages. This reduces the 
pressure for replacement of buildings. The income tax laws 
allow a building to be depreciated several times against current 
income, this gives an old building value and helps to keep it in 
place until it contributes to urban decline. 

3. Population Density. Population densities in both residential and 
commercial zones are allowed to rise in response to the falla­
cious argument that rising land prices require more intense use. 
But land prices reflect the permitted use. Under rigid zoning, 
with no hope of relaxing the restrictions, land prices could not 
rise too high for the allowed use. But instead, we allow a 
land-price-population-density spiral to continue until excessive 
loads are thrown onto transportation, pollution, and psycholog­
ical trauma, and other factors of the urban environment. 

4. Zoning . Zoning has in the past divided land into blocks that are 
too large and too homogeneous. A large area with housing built 
all at one time and of a similar quality deteriorates as a whole 
into a substandard condition. If such an area is large enough, 
it is avoided by new construction and becomes a slum. 

Zoning also allocates too much area for residential use and not 
enough for industry; this is especially critical when the area 
begins to age with the concurrent decline of employment and 
increase of population. The ratio of residence to industry was 
satisfactory when the area was first being developed but becomes 
imbalanced with age. Unless there is rezoning to reduce residence 
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and increase industry, or unless land is held empty initially for 
later commercial use, the aging area lacks economic vitality to 
maintain all of its housing stock and the area begins to deteri­
orate. 

The failure to zone so that only forest and agriculture are allowed 
in rural areas immediately adjacent to urban areas permits urban 
sprawl to develop and removes the necessity to rebuild and reuse 
the aging urban areas. Old areas are abandoned rather than being 
revived. This is a direct result of the ease and the lack of legal 
restrictions in moving onto nearby empty land. The ecological 
balance between city and agricultural land is destroyed at the same 
time that the old city is left to deteriorate. A sharp contrast is 
shown by cities like Copenhagen, Denmark, where open fields lie 
across a street from multi-story apartments. The reluctance to 
rezone farm land into city land keeps the expansion pressureswithin 
the city itself and forces maintenance and renovation of old 
structures and sustains their effective use until they are replaced. 

5. Selected Stresses. As discussed in Urban Dynamics (Sec. 7.5) each 
mode of behavior of an urban area will exhibit characteristic 
pressures. We must cherish and preserve the pressures that go 
with the chosen style of urban environment. To alleviate those 
pressures means that the area shifts to a different mode with a 
change in character and style and a different set of pressures. 

6. Realistic Goals. We must contemplate realistic urban goals that 
include negative forces powerful enough to limit population and 
population density. These might be ensembles of policies that 
can maintain high prices of land and rents, or a housing shortage, 
or a job shortage (that is, the unfortunate control in present 
ghetto areas), or limited transportation, or limited land area 
that does not communicate with other areas, or zoning to control 
density, or a bad array of "quality of life" conditions. The 
kind of control will determine the character of the city. We 
should consider the possible kinds of cities having different 
characters. 

The ideas emerging from dynamic studies of urban systems are so contrary to 
contemporary thought that they will be accepted only after extensive examination. 
On the other hand, if they are right, we must not continue along past directions. 
The Urban Dynamics book has already led enough people to doubt the wisdom of 
present urban policies that a far more serious reexamination of the issues becomes 
an obligation. 

It is now time to clarify further the urban process and to move toward a 
national urban consensus. Urban Dynamics may provide the basis. Three steps 
appear necessary--extending and completing the dynamic studies; interpreting 
the studies into legal and tax changes; and educating an initial group large 
enough to maintain momentum toward a change in national attitudes. 
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First, comments and criticism of the urban dynamics work to date must be care­
fully solicited and evaluated. Valid suggestions must be incorporated and made a 
part of the program. Doubts that are not relevant or useful must be explained and 
dispelled. Other aspects of the urban situation must be examined. New models of 
social behavior may be needed. For example, the forces, pressures and motivations 
in the welfare system should be treated in the same way that Urban Dynamics treats 
the housing-job-population structure. In the welfare substructure we may find that 
the welfare system is creating the welfare cases and may discover that the welfare 
system is an active part of the social trap that keeps people from becoming 
self-supporting. Various cities, especially those that appear different from one 
another in character, should be compared with the urban dynamics findings as a 
further test of the newly developing urban theory. The additional results must be 
made available in journal articles and books. 

Second, the general directions for change must be interpreted into specific 
proposals for action. These will be recommendations for modifying state consti­
tutions and laws, city ordinances, real estate and income tax regulations, and 
national laws and administrative procedures. This step will require participa­
tion by lawyers, real estate advisors, tax consultants and others with first-hand 
knowledge of how the present social-legal structure motivates people to make 
decisions that are detrimental to the urban system. This phase would develop 
specific recommendations for the minimum necessary changes in the tax and legal 
structure of the country. 

Third, the tentative proposals would be exposed to selected people. The 
participants, perhaps some 500, would be chosen to represent the many view­
points which must be reconciled in altering our urban social structure. This 
exposure would be intensive, consisting of documents to read in advance 
followed by a one-week series of discussions and seminars conducted in small 
groups. The purpose would be twofold. First, the comments and reactions would 
be used to further refine the proposals. Second, the participants should 
become a cadre of informed proponents who could provide leadership for changing 
the national attitude toward our cities. 

In recommending steps toward a sound national urban policy, we must face the 
question of city goals and master plans. We will need to clarify the nature of 
such plans and the conditions necessary to make them achievable. We should deal 
more fully with the concept of "urban attractiveness" and the assertion that each 
urban improvement carries with it somewhere a compensating disadvantage. We 
should then identify the sets of attractiveness-unattractiveness ensembles that 
look reasonable and possible and that could serve as goals between which cities 
might choose. In doing so we would be discovering the different characters and 
atmospheres that a city might have and how to maintain the style, traditions, and 
quality of life that could distinguish one city from another. 
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[From Finance magazine, July 1970] 

A NEW APPROACH TO EcONOMIC ANALYSIS 

SOCIAL SYSTEMS DYNAMICS, DEVELOPED BY MIT PROF. JAY FORRESTER AND USED THUS 
FAR ON URBAN PROBLEMS, IS NOW AT A STAGE WHERE IT COULD FOCUS ON FISCAL 
AND MONETARY POLICIES AND THEIR RELATIONSHIPS TO THE BUSINESS CYCLE 

(By Michael Christopher) 

Engineers for decades have come forward with what_ seem to be ~traightf?r­
ward solutions to economic ills. The logic of their vocation has lent itself eas·..Iy 
to the problems of society. As applied scientists, they considered themselves both 
scientific and practical. 

The trouble with nearly all of the engineering solutions was that they didn't 
work. They neglected too many factors, ove_rlooked people's psyc~ological_ and ~­
ha vioral patterns, and often showed an i~orance of ec_ono11;1ics. Engi;11een~g 
theories about business cycles were woefully madequate, with giant gaps m their 
conceptions of unemployment, price setting, monetary policy, competition, Gov­
ernment spending and taxation. 

The engineers who worked up these theories sometimes gathered a small follow­
ing, much like some religious sects, but more often spent their energies in "mis­
understood" isolation. 

Now comes one who may have made the successfu1 crossing from physical 
science to social science combining the two into a new integrated whole. He is 
Dr. Jay W. Forirester, a' profoSSIOr of management at MaSS1achuseitts Institute of 
'l'echnology. His credentials as an engineer are impeccable. His work as a social 
scientist is unusual and challenging, and promises to build a momentum that 
could sweep aside who;le bodies of thought. Widely held assumptions are opened 
to question. Accepted notions of economic relationships are likely to be shaken. 

Dr. Forrester sees his field as the dynamics of social systems. His concepts and 
approach span the entire range from small groups to international affairs. Over 
the last 15 yiears, he and hiis associates at MIT have boon expanding theiir horizons. 
FJrst applications were to corporate policy and the way policies, information 
sources and organization produce growth, stability and market share behavior 
of a corporation. More recently, they have attracted attention by their exploration 
of the life cycle of a city and the causes of urban decay. 

Professor Forrester believes his method has now reached a state of develop­
ment where it could zero in on the whole structure of fiscal and monetary policies 
and their relationships to the business cycle. 

He suspects that there are many wrong conclusions floating around in the heads 
of decision makers. Their ideas of how to correct imbalances in the economy may 
actually be helping to make the imbalances worse. Instead of reducing unemploy­
ment, they may tend to increase it. Instead of fostering economic growth, they 
may tend to stifle it. 

Dr. Forrester would start with all the assumptioillS that decision makers make 
and then carry them out to their final result after letting them interact ·against 
each other. He 001'1.s thii;:i approach "social systems dynamlios." It becomes feasible 
through the use of computers, which can compress the outcome of years of inter­
actions into a span of minutes. 

At the heart of the Forrester approach is the feedback loop. This is an old 
concept in physics and engineering, but one that has not before been adequately 
applied in the social sciences. A feedback loop is a group of activities influenced 
by their own past behaviors. Previous actions generate future actions. 

NEGATIVE FEEDBACK 

An example is the heating system of a house. If the temperature falls sufficient­
ly, it closes the thermostat and the furnace turns on. This cycle repeats itself in 
a circular manner, forming a closed system. It is a "negative feedback" system 
because it aims at achieving a particu1ar goal, a given temperature. It is self­
controlling. 

Every decision is made in the context of a feedback loop. The decision controls 
an action that changes the surrounding situations that supply new information to 
control future decisions. Fm- example, one's state of tiredness is the information 
input to control the time spent sleeping which changes the state of being tired. 

Reprinted by permission of Finance magazine. 

267 

Or a corporation borrows money which changes its debt position which affects 
its future freedom to borrow. 

Feedback loops govern all systems that change through time. Feedback loops 
determine equilibrium conditious, they cause instability, and they control growth. 

Positive feedback loops cause growth ; an example might be a pair of rabbits. 
As they multiply, each generation will produce more rabbits at an increasing 

rate. Unless an external element is added, such as predators or a limitation on liv­
ing area or food supply, there will be no end to the multiplication, which will 
continue geometrically. 

Likewise, economic growth arises from positive feedback structures in our 
socio,-monetary system. For example, investment generates productJion to create 
income, part of which becomes further investment. 

But positive feedback would eventually lead to the impossible condition of 
growth without limit. Negative feedback ( or goal-seeking) loops always enter 
to halt growth and establish an equilibrium. According to Dr. Forrester, the great 
stresses in our social systems often arise from the forces that suppress gr()IWth 
and trigger the transition to equilibrium. 

Negative feedback systems, ,which adjust toward goals, can be unstable as they 
fluctuate back and forth in search of the goals. They may undercorrect or over­
correct much like a drunk trying to get a key into a keyhole or like a gasoline 
engine that runs at an unsteady speed because of a defective governor. 

Examples of negative feedback systems in the economy would be the rise and 
fall of commodity prices as supply and demand move around each other, or the 
variations in industrial production. 

Becau,e the economy has so many feedback loops, or functions that interact 
upon each other, it is a tremendously complex system. 

Complex systems, in many ways, behave the opposite of simple systems, but 
human judgment and intuition have been formed mostly from experience with 
simple systems. People are therefore led. Dr. Forrester says, into a mental frame­
work that causes them to take counter-productive actions when they attempt to 
modify our complex social systems. 

Dr. Forrester's approach is to construct a computer model of a social system 
so that the system can be observed and experiments can be tried in changing its 
governing policies. But the models have a very different structure from those 
now common in economic modeling. 

Forrester's models are also very different in the source information from which 
they are created. Most past economic models have been created from statistical 
economic data and historica,l t~rne series. But this ignores the wealth of informa­
tion available in the operating arena. It fails to ,incorporalte the interactions of 
the psychological, tec'hnological, politJieal and humanistic aspects with the purely 
economic aspects. • 

Forrester starts from the other end. He asserts that all managerial and political 
decisions are already made on the basis of models-the mental models in the 
heads of managers, political leaders, and the public. 

"We must developed new appreciation of the strengths and weaknesses of the 
mental models so that we can use their strengths and compensate for their weak­
nesses," Forrester says. He believes, contrary to the opinion of many social 
scientists, that most people are adequately reliable observers of their immediate 
environment. They are aware of their goals, the pressures under which they op­
erate, their fears and the reasons for their decisions. 

In short, their perceptions, after contradictions have been resolved and ir­
relevant material discarded, are the best raw material from which to construct 
models. Far more useful information is available from operators in the social 
system than exists in the combination of textbooks, periodical literature and 
statistics, Forrester believes. 

HUMAN RELIABILITY 

But here the reliability of the human input stops. A person can see correctly 
the behavior at each point in a social system and be completely wrong in what 
the system as a whole will do. But the computer model can compensate for the 
human weakness. The computer model can take the assumptions about the parts, 
combine them, and demonstrate without doubt, the resulting consequences, For­
rester says. He feels he is combining the best of both the human and computer 
capabilities. 
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This, says Dr. Forrester, is the essence of the problem because "mental models 
of dynamic systems cannot be manipulated effectively. We often draw the wrong 
conclusions about system behavior, even if we start with a correct model of the 
system." 

Inability to mentally manage the various pieces of a complex system leads to a 
natural tendency to deal with them individually. Conclusions reached about any 
of the subsystems do not show how they interact. 

To take a more complicated example, economists and Government policymakers 
have theories about how a change in interest rates will affect business expansion 
and the supply of new housing. But they don't know how the supply of housing 
might affect business expansion by changing the flow of labor into certain areas, 
and perhaps even the flow of skills. This example can be made even more compli­
cated by adding feedback loops for invPntory decisions, marketing efforts, Govern­
ment financing, money supply, accumulated corporate earnings, and any number 
of other real-life factors that play a role in the ups and downs of the business 
cycle. 

Dr. Forrester's training makes him an expert on the possibilities of the com­
puter, and its shortcomings. He was, from 1940 to 1956, not only an electrical 
engineer but a leader in the design and application of large-scale digital com­
puters. He holds the basic patent on the memory device used in most of them. 
He guided the planning and technical design of the Air Force SAGE system for 
continental air defense, which is founded on computer techniques. 

As to being an economist, Dr. Forrester makes no claims even though he is a 
member of the American Economic Association. He also is a member of the 
Academy of Management and the American Physical Society. 

He does, however, claim to be a diagnostician. He can take apart a problem 
and break it down into its components. With the help of experts in their fields, 
he can identify the working parts of a system and how they are supposed to re­
act with each other. It makes no difference whether the field is corporate man­
agement, medicine, ecology, crime or national economics. 

Dr. Forrester asserts that any complex system can be programmed by identify­
ing the parts and their relationships. More importantly, he concludes that the in­
teractions are likely to produce results that are contrary to commonly accepted 
conceptions. 

To prove his thesis and lay the groundwork for its applications in any field, 
Dr. Forrester did a major study of the crisis of the cities. It was published last 
year as a book, Urban Dynamics, by the MIT Press. The method was to sit down 
with John Collins, former mayor of Boston, and others who had practical ex­
perience in urban affairs and discuss the issues. 

In Dr. Forrester's words, "I approached these discussions knowing the con­
ceptual nature of the structure being sought, but not the specific details of the 
structure or the institutional components of behavior to be fitted into it. The 
others brought the knowledge of the pressures, motivations relationships 1-e­
actions, and historical incidents needed to shape the theory a~d structure of the 
specific social system." 

PROTEST RAISED 

His conclusions raised a storm of protest, for they went counter to the notions 
of _most social theorists. _For one thing, the analy~is rngge~ted that programs to 
bu~ld new low-cost housmg for overcrowded low-income tenants are likely to 
heighten the problems of unemployment and urban deterioraition in the long run 
even though th~~ are a sh?rt-run palliati~e. This happens bt>cau~e the programs 
attract an additional low-mcome population from other areas, raise the unem­
ployment level, generate new welfare pressures, boost taxes drive out middle-
income residents, and cause industry to relocate. ' 

Liberals accu~ed Dr. Forrflster of being a reactionary. On th" othflr h::ind. be­
cause he suggested setting long-range social goals and then adjusting the • sys­
tems to. achieve them,. conservatives called him a radical. But after sitting down 
and gomg through his work, opponents on both s~Jes are gradually becoming 
converts. 

Indeed, Dr. Forrester remarks in his book that "the intuitive solutions to the 
problems of complex social systems will be wrong most of the time." He em­
phasizes that solutions. to social problems are u~ally designed to di<=pel symp­
toms. But the underlymg causes remain. The therapy is either of no value or 
actually harmful. 
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He elaborates the point: "A particular change in policy may improve matters 
for a period of a year or two while setting the stage for changes that lower per­
formance or desirability further in the future. But the natural interpretation is to 
observe that good resulted from the change and when matters become worse 
the original efforts are redoubled." . 

This thinking is slowly finding support. Ghetto leaders, politicians and business­
men are showing interest in exploring it further and applying it to particular 
cities. It could revolutionize current views about urban development. But it also 
will upset many long-standing theories, and long-standing theories die bard. 
Those who hold them have too much inve~ed to give in easily. 

Dr. Forrester acknowledges the possibility that his next assault might be on 
the fiscal-monetary front. It will depend on the degree of interei;:rt and participa­
tion from those working in the field. His method will be the same. He doesn't 
know what•~ w~ong with the present techniques of managing the economy, only 
that somethmg is wrong. That's clear from simple observation. 

By sitting down with knowledgeable men in the field, such as Federal Re~erve 
officials ~d leading bankers, businessmen, and Governmenrt people, he would 
expect to isolate the components of the system. The aim would be to get basic 
agreement on why actions are taken and what consequen~s they are expected 
to have. The model that is set up as a product of these discussions would incor­
porate the assumptions laid down by the participants, on its components and 
how they interact. 

If Dr. Forrester is right in his expectations, the computerized output will show 
some surprising results about what really happens in the economy after various 
Government spending, taxing and money policies are adopted. They might be 
far different from what the policymakers think happens. 

(Whereupon, at 12 :15 p.m., the subcommittee adjourned, to recon­
vene subject to the call of the Chair.) 

50-851 0-71-pt. 3--18 



Correction to Page 226 

As originally printed, the figures in point 6 on p. 226 are 

in error and should read as follows: 

The pollution and natural resource load placed 

on the world environmental system by each person 

in an advanced country is probably 10 to 20 

times greater than the load now generated by 

a person in an underdeveloped country. With 

four times as much population in the under­

developed countries as in the present developed 

countries, their rising to the economic level 

of the United States could mean an increase of 

10 times in the natural resource and pollution 

load on the world environment. 
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FOREWORD 

The roots of this Advisory Committee's report are to be 

traced to the establishment of the Advisory Committee on Govern­

ment Programs in the Behavioral Sciences by the National Academy 

of Sciences late in 1965. Its work, supported in part by the 

Department of Defense, resulted in the publication of The Behav­

io!tal Suenc.M and the Fede/1..C(,,f_ GoveAnment in 1968. This report 

led the Department of Defense to request the Academy the following 

year to provide advice on how its r esearch programs in the behav­

ioral and social sciences could best be organized and managed. 

An Advisory Committee on the Management of Behavioral Science 

Research in the Department of Defense, under the Division of Behav­

ioral Sciences of the National Research Council, was established in 

the spring of 1969 to undertake this task. 

The Executive Committee of the Division of Behavioral Sciences 

and the Advisory Committee were fully aware of the controversial 

issues embedded in the task of adv i sing on the management of behav­

ioral science research in the Department of Defense, as well as of 

the different ways in which it might be approached. In the course 

of our deliberations the controversies over these issues sharpened 

and their substance became increasingly a matter of public, and 

often prickly, debate in the Congress, the academic world, and in 

other quarters. 

By intention, different perspectives on both the critical 

questions to be addressed and how they should be answered were 

brought into the Advisory Committee through the selection of its 

i 



members. Moreover, we differed among us in our knowledge of and our 

experience working in or for the Department of Defense or other 

national security agencies . Some of us had had no past connection 

with the Defense Department. 

The members of the Advisory Committee could have been tempted 

by the numerous opportunities they encountered for developing irrecon­

cilable positions. As Chairman, consequently, I must congratulate 

them publicly on their determination to fashion a single framework 

for viewing and analyzing the cluster of difficult problems associa­

ted with the management of behavioral and social science research not 

only in the Department of Defense but also for the national security 

community as a whole. The perspective and set of guidelines offered 

in this report for research management on different levels of the 

Department of Defense have the endorsement of every member of the 

Advisory Committee. Moreover, every member approves of the specific 

recommendations we have set fort h . Thes e achievements would not 

have been possible, I should no te , i f one of our members, Michael 

D. Reagan, had not undertaken to draf t the document that served as 

the basis f or this report. To him we owe and are happy to acknowl­

edge a special deb t of gratitude . I mus t add, how~ver, that I do 

not wish to give the i mpression that each of us necessarily sub­

scribes fully to every shade of meaning or emphasis that can be 

found in this report. 

We are also indebted to others. I am pleased to acknowledge 

the Committee's gratitude for the valuable contributions made to 

its work by its Executive Secretary, Albert H. Cantril, Jr., who 

prepared early working drafts for a repo r t, and by Nancy I. Groves, 
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who carried the secretarial burdens. Peter N. Gillingham, Charles 

M. Herzfeld, and Bromley K. Smith, as well as others, contributed 

advice and assistance. So, too, did members of the staff of the 

Division of Behavioral Sciences: Alexander L. Clark, Vincent P. 

Rock, and Henry David, the Executive Secretary of the Division, 

who has served us well beyond the requirements of his office. I 

must acknowledge also the contributions made to the Advisory Com­

mittee's work through the rigorous review of an earlier draft report 

undertaken by the Chairman of the Division of Behavioral Sciences, 

Herbert A. Simon, and the members of its Executive Committee. 

Finally, I should note that we were fortunate in having Davis B. 

Bobrow, then special assistant in the Office of the Director of 

Defense Research and Engineering, serve as staff liaison to the 

Advisory Committee from the Department of Defense. 

February, 1971 

iii 

William W. Kaufmann 

Chairman 
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RECOMMENVATIONS ANV FINVINGS 

The Adv,u.,o~y Comm,i;t,tee ~eQommend6 tha.t--

! The Department of Defense should actively seek the transfer 
of responsibility for the support and management of foreign 
area research, and it should strongly endorse the creation 
of a government-wide institutional structure--to which it 
would have access and in which it would have a chance to 
voice its informational needs--in which this responsibility 
should be lodged. 

! The Department of Defense give concentrated attention to the 
development of a first-rate in-house social and behavioral 
science capability, both for conducting pilot studies and 
for monitoring external research. 

! The national security agencies jointly establish a task 
force on social and behav ioral science research priorities 
in the area of national security policy. 

! The Department of Defense make a deliberate decision to 
multiply several times over the amount of funding avail­
able to the social and behavioral sciences under the 6.3 
- 6.5 research program levels. 

! The Department of Defense, in order to bring about a more 
effective managerial relationship between the producers 
and consumers of research: 

1. assign formal respons ibility for research 
allocation and supervisory functions among 
the major consumer off i ces in the Depart-
ment of Defense, such as International 
Security Affairs , Installations and Logis­
tics, and Manpower and Reserve Affairs, as 
well as to the Advanced Research Projects 
Agency; or, alternatively, give each of the 
major consumer offices a role in requesting 
and sponsoring research, similar to the role 
performed by the services, under the oversight 
of the Director of Defense Research and 
Engineering 

2. upgrade the research bureaus within the 
principal offices of the Secretary of 
Defense by giving the bureau chief a 
super-grade status, provided that indi­
viduals meriting this grade can be found 

iv 



3. provide funds for retrospective studies 
in the social and behavioral sciences 
designed to establish the relationship, 
if any, between basic research and pro­
grammatically useful results 

4. allocate funds for evaluative studies of 
on-going programs that allow for the 
questioning of policy assumptions and 
the proposal of programs alternative to 
those under analysis, in order to suggest 
how programs might be modified in the 
future 

5. create an internal research information 
retrieval system designed not only to 
prevent the "loss" of previous research 
but also to compensate for the compart­
mentalization that exists within the 
Department 

6. provide more precise formulations of 
Department of Defense research needs 
and work toward better anticipation of 
those needs, so that potential contrac­
tors for research will have adequate 
time for the preparation of proposals 

i The Department of Defense bring to the attention of other 
agencies with similar needs for a policy-research interface 
the desirability of and opportunities for encouraging the 
development of applied social and behavioral scientists. 

The Adv,iJ.,otuJ CommLttee 6,i.,nd6 .tha;t--

! A national security policy process informed by first-rate 
research and assuring clear communication between policy­
makers and researchers deserves encouragement, and that to 
ensure the responsiveness of behavioral and social science 
research to the needs of the national security community, 
it will be necessary to achieve four objectives: (1) the 
improved overview and coordination of agency research pro­
grams; (2) the conduct of targeted research on specific 
problems of concern to the national security community as 
a whole; (3) the development of an effective information 
system; and (4) the provision of an expanded policy analy­
sis capability at the Presidential level. 
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I. InbtoduC-tion 

In the relationship of the federal government to scientific 

research, the role of the social and behavioral sciences has been 

causing increasing concern in the past three or four years. This 

is partly a reflection of a larger problem in the government-academic 

relationship and partly a simple matter of growth in the volume of 

research in these fields supported by federal departments and agen­

cies. Even more important, it is a result of differing expectations 

regarding the potential contributions of the social and behavioral 

sciences held by their practitioners and by government officials. 

At least some social scientists want recognition in such forms as 

greater representation on the President's Science Advisory Committee, 

and implicitly claim that, merely by being brought into decision­

making processes more frequently and at higher levels, they will 

necessarily make useful contributions. Government officials, on the 

other hand , want the behavioral and social sciences to prove their 

utility, about which the greatest skepticism is, perhaps, found in 

agencies that have the least well-developed relationships with these 

sciences, as, for example, the Bureau of Public Roads or the Federal 

Bureau of Investigation. 

The Department of Defense accounts for approximately half of 

the total federal funds for all research and development. However, 

it does not loom nearly so large with regard to the social and behav­

ioral sciences, accounting for only about 11 percent of federal funds 

for research in these disciplines in fiscal year 1970. Of the Depart­

ment's total research and development budget of approximately $7.5 
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billion for that year, the behavioral and social science segment is 

approximately $37 million, or only one-half of one percent. Quanti-

tative proportions and policy significance are not, however, inev-

itably correlated, as a very large amount of concern over the social 

science research operations of the ,Department of Defense has recently 

evidenced. 

The relationship between the federal government and the social 

sciences generally and historically, while substantial in scope, has 

not been altogether harmonious. The quality of the relationship has 

been well expressed in the title of an excellent historical account 

by Gene M. Lyons.* An inherently difficult relationship has had its 

frictions greatly exacerbated, of course, by the Vietnam war and the 

widespread alienation that war has caused, especially in the intellec­

tual community. Sponsorship of scientific research by the Department 

of Defense, whether in the physical, biological, or social sciences, 

has been a major source of tension and turmoil on college and univer­

sity campuses. Concern has been expressed that the sources of inde­

pendent criticism represented by the universities may dry up as a 

result of federal subvention. Further, there has recently emerged a 

rapidly growing concern over the scope of Department of Defense 

research. Specifically, it has been charged that the Department is 

not bound by a sufficiently narrow definition of military affairs, 

and is too much engaged in broad foreign policy matters that are more 

properly the province of the Department of State. 

* The Uneasy Partnership: 
the Twentieth Century. 

Social Science and the Federal Government in 
(New York: Russell Sage Foundation, 1969). 
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Even before the Vietnamese war and reactions against it inten-

sified problems of the relationship between academic researchers and 

government agencies, efforts were under way from both sides to attempt 

to improve the fruitfulness of those relationships. One important 

attempt in that direction was a report entitled The Behavioral Sci­

ences and the Federal Government, prepared by the Advisory Committee 

on Government Programs in the Behaviora l Sciences of the National 

Research Council.* This Committee, chaired by Dr. Donald R. Young, 

examined how the knowledge and methods of the behavioral sciences 

could be brought to bear more effectively on the programs and policy 

processes of the federal government. Its recommendations focused on 

strengthened and improved social science staffing in government agen­

cies; the development of research strategies in major departments and 

agencies; the creation of an interagency p l anning group headed by the 

Department of State to exercise continual review of research in the 

area of foreign af f airs; greater representation of social scientists 

in key science policy agencies of the government; and the creation of 

a National Institute for Advanced Research and Public Policy "to pro­

vide a forum in the nation's capital for the full exploration of the 

growth and application of knowledge from all the sciences to the major 

issues of the society." 

Subsequent to the publication of that report, the Department of 

Defense requested the National Academy of Sciences to address itself 

more specifically to the management of behavioral science research 

* Washington, D. C.: National Academy of Sciences, 1968, Publication 
No. 1680 . 
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within the Department of Defense. The task was undertaken by an Advis­

ory Committee on the Management of Behavioral Science Research in the 

Department of Defense, and this report is the outcome of its work. 

II. G~ound Ru£e6 

In undertaking to advise on the "management" of behavioral sci­

ence research one must make clear the level of one's response. Our 

Committee made two crucial assumptions very early in its discussions. 

The first is that we must treat of management in the broadest 

sense of the word. To manage is to plan, direct, coordinate, and 

evaluate. Such activities are not undertaken in a vacuum. They occur 

in a context, and an understanding of the context is the primary mana­

gerial question. Only as the total context is clearly understood can 

one sensibly make recommendations regarding detailed management and 

procedural matters. This means that we are more concerned with the 

scope, premises, and nature of the relationships between the Depart­

ment of Defense and outside researchers, and with major dimensions of 

the types of research supported, than we are with detailed questions 

of, say, the "G.S." level (that is, the civil service status) of 

social scientists in military departments, or the exact procedures by 

which external research contracts are let. 

As a Committee of outsiders, some of whom have had substantial 

working contact with the Department of Defense and others of whom have 

had virtually none, we do not propose to advise on internal working 

details. Such advice would have required a close and intimate scrutiny 

of the day-to-day work of managers and scientists within the Department, 
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which we were not in a position to undertake. We may, however, be in 

a better position than those in the Department to examine its relation­

ship to the social and behavioral science research communities, which 

it partially supports and upon which it draws in the process of pursu­

ing its major goals. 

Our second assumption is that national security policy, with 

which (like it or not) the Department of Defense is intimately and 

ineluctably related, has many dimensions to which the knowledge and 

advice potential contained within the behavioral and social sciences 

are relevant. 

The civil-military relationship is complex, not simple.* While 

the rule of thumb in American constitutional doctrine is that military 

policy is a subordinate extension of foreign policy, and that civilian 

authorities determine policies which it is then the obligation of the 

uniformed services to implement, it is an axiom of public administra­

tion and policy development that ends and means are not in fact sepa­

rable. Rather, they continually interact. Thus , those charged with 

the "how" of policy--i. e. , its implementation--will necessarily want 

to have an opportunity to understand fully the "what" of policy and 

even to make contributions to it. A good example is provided by the 

Office of Scientific Research and Development in World War II. Its 

civilian scientists, when called upon by the military to provide 

weapons to fit requirements as defined by the services, insisted upon 

being informed about all the dimensions of the problem they were 

* Some of the complexities are summarized and reviewed in Walter Millis, 
Arms and the State (New York: The Twentieth Century Fund, 1958). 
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called upon to solve, and then often redefined the requirements as 

a prelude to devising appropriate weapons systems. 

If the role of military power has permeated American thinking 

about international politics, it is equally true that political, psy­

chological, sociological, and economic dimensions of international 

political relations have penetrated the realm of military policy. It 

is when military objectives are artificially separated from political 

concerns (as, for example, in the late General Douglas MacArthur's 

desire to extend the Korean War in the name of military victory with­

out consideration of the political dimensions of this objective) that 

trouble occurs. It is the Committee's conviction that to insist that 

military affairs be separated by an impenetrable wall from foreign 

policy affairs is to invite disaster. It follows that no such wall 

should exist between the organization charged with the nation's mili­

tary security and the researchers who generate, articulate, and inter­

pret knowledge of other nations, international problems, and United 

States policy ideas. 

The National Security Council, established in 1947, constitutes 

a post-war institutionalization of the recognition developed during 

World War II of the inextricable relatedness of military and non­

military factors in national security policy. The State Department 

cannot perform its functions adequately without a sophisticated under­

standing of military developments concerning both weapon systems and 

strategies. Similarly, the Department of Defense cannot pursue sound 

military policies--that is, cannot adequately pursue the policy imple­

mentation of goals given to it by the President--without equally intimate 

knowledge of the broader political context of national security devel­

opments. 
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Such knowledge could often be developed as well outside of 

the Department of Defense as inside it. Often, however, it has not 

been developed in fact, except as the Department has sponsored it. 

Hence, one of the important issues in the management of Department 

of Defense behavioral and social science research concerns, first, 

the total national security policy research context and, second, the 

Department's place in that context in relation to the other agencies 

that together constitute what may be called the national security 

community--namely, the Department of Defense, the Department of State, 

the Agency for International Development, the Arms Control and Disarma­

ment Agency, the U. S. Information Agency, the National Security Coun­

cil staff, and the intelligence agencies. In our view, one cannot 

meaningfully discuss the management of Department of Defense social 

science research without considering the other aspects of national 

security policy research. This does not necessarily mean that the 

Department of Defense should itself be engaged in what is essentially 

political research, but it does mean that the Department has an inter­

est in being assured that the required political research is done 

somewhere. 

The aftermath of Project Camelot made it all too clear that 

military sponsorship of social science research pertaining to the 

internal politics of other nations may have adverse repercussions 

on American foreign policy. Yet the questions which Project Camelot 

addressed are "fundamental: the nature of social change, the factors 
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of instability, the causes of violence."* While understanding of 

social change in different societies might be considerably enhanced 

by research of the kind envisioned by Project Camelot, insensitivity 

to the implications of its military sponsorship strongly indicates 

that the defense establishment's need for certain types of informa-

tion does not necessarily make it the best sponsor of research designed 

to provide that information. The question has also been raised whether 

the United States government should collect this kind of information at 

all. 

We make the further assumption that, although the Department of 

Defense has requested and is supporting the work of the Advisory Commit­

tee, this report must be addressed to interested social scientists 

throughout the nation, as well as to the Department and other national 

security agencies. For, the quality, characteristics, and terms of 

the relationship between the Department of Defense and the outside 

world of social scientists lies at the heart of the research manage-

ment question within the Department itself. And, because each party 

to the relationship naturally has its separate perspective, we assume 

it to be important that our analysis take account of the user viewpoint, 

as well as that of the social science "producers." In this respect, we 

deal with matters not given prominence in the report of the Young Com­

mittee, whose recommendations to the government were almost exclusively 

answers to the implicit questions: "What can the government do for 

the social sciences, and what can it do to get more from the social 

sciences?" While we are concerned with what the Department of Defense 

* Lyons, op cit, p. 169. 
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can do in its particular sphere along these lines, we are equally 

concerned with the question, "What can social scientists do to make 

their own contributions more effective in the government, and, par­

ticularly, in the Department of Defense?" 

III. What to Manage? 

The most important questions in research management are: 

Toward what kinds of problems does one direct research? What is 

the scope of the research? What are the major purposes and cate­

gories of the research? After these questions have been resolved, 

one can move to the level of choices regarding allocations of 

research funds among different appro~ches to the problems and among 

different types of research-performing institutions. 

The Department of Defense presently divides its social science 

research into five substantive categories: 

1. Human performance--measuring individual physiological and 

psychological capabilities related to military operations. 

2. Manpower selection and training--developing methods to 

improve selection, classification, training, and use of military 

human resources. 

3. Human factors engineering--designing equipment to ensure 

that it can be effectively, reliably, and safely used by military 

personnel. 

4. Foreign military security environments--understanding 

cultural, psychological, and political-military characteristics of 

foreign defense organizations and their members and their environ­

ments. Departmen_tal statements list three subcategories: 
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a. improving U. S. armed service capacities for 

non-combat aspects of counterinsurgency 

operations; 

b. determining costs and benefits of different 

U. S. military aid and advisory policies for 

strengthening the internal defense capacities 

of allied military establishments in develop­

ing countries requesting such assistance; 

c. developing and testing methods to clarify 

future U. S. security environment in terms 

of foreign military intentions and capabil­

ities in military elements. 

5. Policy-planning studies--synthesizing and applying exist­

ing knowledge to formulate and critically evaluate some aspects of 

threat analysis, contingency planning, force structure needs, and 

hardware research and development requirements. 

Each of these categories may at some point be interdependent 

with any of the others. Thus, the problems of selection and training 

servicemen for overseas assignments, for example, clearly fall into 

both the manpower and the foreign military security-environment cate­

gories. Yet the first three (which can be subsumed under the generic 

heading of manpower studies) are clearly differentiable from the last 

two. By and large, the manpower studies use the social science dis­

cipline of psychology, while security-environments and policy-planning 

research relies most upon the disciplines of political science, eco­

nomics, and sociology. The distribution of Department of Defense 
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funds among these categories is very heavily weighted on the manpower 

side. In the fiscal year 1971 budget request, the three manpower 

categories totaled $35.3 million, and the last two only $9.9 million. 

In terms of disciplines, in fiscal 1969 the Department spent $36.5 

million on the social and behavioral sciences; of this total, $29.5 

million were spent for psychology. 

The most significant distinction among the categories of 

research is that foreign military security-environments and policy­

planning research is inherently politically sensitive, while manpower 

research is not, although it, too, has had its controversial projects. 

Indeed, research on man-machine relationships and "human engineering" 

has an Orwellian tone, but by and large a psychologist could work on 

problems of improving selection and training choices through psycho­

logical testing without having to confront possible conflicts between 

his own value system and the value system implicit in the area of 

research. This is less true for categories of security-environments 

and policy-planning studies. Regardless of questions of political 

sensitivity, much policy-planning research has to be done by and for 

the Department of Defense because it deals with issues of strategy, 

force structure, and budgets. The Department of Defense should not 

be foreclosed from undertaking such research. 

Research management in these areas must, therefore, immediately 

concern itself with the question of possible conflict between a poten­

tial researcher's political values and the military-foreign policies 

represented by the activities of the Department of Defense. To put 

it sharply, policy-planning research for the Vietnam war is very dif­

ferent from research on appropriate diets for Army personnel stationed 
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in arctic regions. Given the present climate, however, one would not 

be surprised to hear objections to university research on the appro­

priate diets for Green Beret personnel in Vietnam. 

From a management viewpoint, the problems and needs of these 

major social science research areas differ substantially. Manpower 

research has long been well institutionalized in the military ser­

vices. It is the Advisory Committee's understanding, moreover, that 

such management relationships between the consumers and producers of 

research are relatively satisfactory. That is to say, manpower offi­

cials in the Department of Defense have been able to define their 

problems in ways that researchers have been able to understand and 

respond to. Conversely, the researchers have made substantial con­

tributions to the practical needs of manpower officials. Hence, 

there is a considerable degree of mutual respect, and a firm founda­

tion of economic and pragmatic justification for the manpower research 

programs. The user-producer relationship in the foreign area and 

policy-planning research has been much less happy. There is substan­

tial evidence, as will be seen later, that users are very dissatisfied 

with social science contributions to the solution of policy-planning 

problems. 

Even the very meaning of research differs in the two contexts. 

Human performance and manpower research is, by and large, more often 

quantitative and testable, approaching the modes of research in the 

physical sciences, while some foreign-environments inquiry and much 

policy-planning research are more qualitative and judgmental. Because 

the management problems are different in the two broad areas, and the 

national security policy sphere has been most strongly subjected to 

12 



questioning, the Advisory Committee's focus is largely on that area. 

It is also informative to divide research into different cate-

gories with respect to purpose. Most social science research aims at 

providing information, usually concrete and specific, on particular 

problems. It involves the gathering and analysis of data, as, for 

example, in the content analysis of propaganda broadcasts from other 

countries. It is research that performs, at least in some measure, 

an "intelligence" function. There is a second purpose of research, 

however, somewhat different in character from that usually pursued by 

scientists, whether physical or social. It seeks to provide a longer-

range--and, perhaps, more speculat~ve--perspective, removed from cur­

rent operations or policy issues. Such research employs rational, 

knowledge-based, intellectual analysis not so much to solve present 

problems as to affect current decision-making by placing it in a 

broader or different context. The search for fundamentally new 

policy options is an important example of that kind of research, 

and a concrete illustration is provided by the RAND study of over-

seas bases.* It should be noted that research is frequently sought, 

but not often found, which tests and compares policy hypotheses before 

they are implemented. 

If research can be said to include both the development of 

information and the providing of perspective and conceptual thinking, 

it may also include a third category, defined by the use of research­

ers as consultants on an ad hoc, short-range basis. The policy-maker 

* See Bruce 0. R. Smith, The RAND Corporation (Cambridge: Harvard 
University Press, 1966). 
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considers that he is doing "research" on his problem when he calls 

in an outside expert for advice regarding, say, the probable outcome 

of a posited alternative. (There is an important distinction here 

between the viewpoints of the user and the producer.) Social as 

well as physical scientists--certainly, those who think of them­

selves as basic researchers--are not likely to label consulting and 

advising as research, even though they might be willing to admit that 

good advising is based on knowledge provided by research. From the 

viewpoint of the Department of Defense (or any other government 

agency) it makes sense, however, not to employ so restrictive a con­

ception of research. From the user perspective, research should be 

taken to encompass not only the development of information through 

data gathering and the provision of written, formal analyses but 

also discussion, in the form of a phone call or a two-day visit to 

Washington, for example, between a policy-maker and a researcher who 

knows the area of the world or the type of problem with which the 

former is concerned. 

The difference between user and producer perspectives on what 

constitutes research and the knowledge basis for action is well 

expressed in a recent comment on two general complaints about social 

scientists as consultants. The first is that communication is impeded 

because social scientists speak in a jargon incomprehensible to lay­

men. The second--the relevant one here--is that, social scientists, 

"When faced with a specific problem that has no ready-made conceptual 

answer ... frequently retreat to the laboratory for more research 

and more facts. But the client would ordinarily settle for less than 

a scientifically adequate answer. He simply wants the consultant to 
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apply his trained intelligence, and give help based on the information 

on hand." Of course, there is another side to this, for it is also 

observed that, "When the consultant tells him he has formulated his 

problem in such a way that advice is impossible, too often the client 

retreats to his office. And often any reformulation the consultant 

suggests is ignored, to the detriment of communication between them." 

(These observations were not made by a disgruntled policy-maker. 

They appear in the report of the National Science Board's Special 

Commission on the Social Sciences, Knowledge Into Action: Improving 

the Nation's Use of the Social Sciences.*) 

A major problem concerning the scope of research, with which 

research managers have recently had to contend in a very disturbed 

context, is the question of the degree of direct relationship or 

relevance that it must bear to the military mission. Partly, of 

course, the answer to this question depends on how one defines the 

military mission. If it is narrowly defined as the application of 

physical force to international political relations, much research 

would be excluded as irrelevant. When broadly defined as partici­

pation in national security operations, much more research becomes 

directly relevant. 

This question needs to be placed in the larger context of how 

appropriate it is for mission-oriented agencies of the national 

government to support basic research. A tradition of pluralism in 

the support of research by the federal government is of long standing 

* Washington: Government Printing Office, 1969, pp. 15-16. 
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and has been vigorously defended. At the time the National Science 

Foundation was being designed, thought was given to making it the 

single agency of the federal government responsible for basic 

research in all the sciences. However, owing to delays in the 

establishment of the National Science Foundation, other operating 

agencies (following the leadership of the Office of Naval Research) 

developed their own research and development programs and have since 

retained them. Furthermore, the policy commitment to diversification 

of support for scientific activities grew out of an awareness that no 

individual or institution is competent to make all the decisions 

about what research and development should be supported and how sup­

port should be provided. In general, most observers of the science 

policy scene have been convinced that mission-oriented agencies must 

perform or support some basic research in their areas of interest, 

partly so that the pool of knowledge on which their applied research 

is based is maintained at an appropriate level, and partly as a way 

of attracting and holding a high quality in-house scientific staff. 

Such staffs may be structured, without necessary damage to manage­

ment effectiveness, on either a mission-derived or a discipline­

oriented basis, and in either a basic or applied context. Some of 

the current debate over whether the Department of Defense should 

sponsor research designed to advance a discipline seems to ignore 

the possibility that this might be a necessary result of mission­

derived research. 

On the whole, scientists have been satisfied with the situa­

tion of relying upon mission-oriented agencies for support of basic 
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research. There are two major reasons for this: first, it gives them 

multiple opportunities to seek support, as compared with a situation 

in which all grants come from a single agency; second, they recognize 

the political fact of life that the Congress has not seen fit to 

expand the National Science Foundation's research funds at a rate 

commensurate with the growing demands for support in the scientific 

community. 

Recently, however, there has been a considerable degree of 

alarm, especially in the universities, over the reliance of basic 

researchers upon Department of Defense support. It is now often sug­

gested that all basic research, if not all academic research, be 

removed from the "contamination" o·f Department of Defense sponsor­

ship. There is a measure of naivete in the view that research can 

be neatly categorized as either basic or applied within this context. 

Research may be basic yet very directly related to the mission of an 

agency, or it may be applied yet not of any particularly greater 

relevance to one agency's mission than to another. There are more 

important issues that attach to the sponsorship of academic research 

by the Department of Defense. One is whether an academic institution 

should undertake the performance of classified research, and the cur­

rent overwhelmingly dominant view in the academic world is strongly 

negative. A second is whether problems of national security do not 

deserve the attention of academic researchers simply because of the 

sponsoring agency. 

A different and useful mode of classifying basic research sup­

ported by mission-oriented agencies is proposed by Harvey Brooks, who 
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suggests that such research falls into three categories: 

1. fields of science in which the mission orientation 

admits of no clear limits to agency interest, and 

requirements differ in both kind and volume from 

those of any other component of the nation's tech­

nological community; 

2. fields which are of vital importance to the agency 

mission, but whose importance is shared almost 

equally with many other agencies; and 

3. fields which presently show no obvious promise as 

sources of concepts or results for near-term agency 

exploitation, but which are so much in the main 

stream of imaginatively advancing science that 

they have a strong potential for ultimately sig-

nificant repercussions on the programs and per-

spectives of the agency.* 

If this typology were used for the Department of Defense, 

research that falls in the first category should continue to be 

supported by the Department of Defense. Here, research on problems 

of human response to stress and situations of threatened death may 

serve as an example. The second category would include much of what 

is done under the headings of foreign military security environments 

and some of what is done in policy-planning. Such research overlaps 

in substance with the missions and needs of the Department of State 

and other operating agencies of the national security community. 

* Harvey Brooks, The Government of Science (Cambridge: MIT Press, 
1968), p. 115. 
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Research of this kind must be accessible to the Department of Defense, 

but all of it need not, in principle, be performed or financed by it. 

Until now, one reason why the Department of Defense has supported such 

a large share of this research is the political difficulty experienced 

by other agencies in obtaining appropriations comparable with those of 

the Department of Defense for research in these areas. It must also 

be said, however, that other agencies (notably the State Department) 

have not been nearly as alert or sympathetic to social science research 

on foreign affairs matters as has the Department of Defense. To the 

Committee it appears that to say that the Department of Defense, among 

the national security agencies, has had a disproportionately large 

share of total foreign area and international affairs research funds 

in recent years, is also to assert that the other agencies have had 

disproportionately small shares. In fiscal year 1969, for example, 

the Department spent $11 million in these categories, while the State 

Department's Office of External Research was funded at only $125,000, 

the U. S. Information Agency's research at $589,000, and that of the 

Arms Control and Disarmament Agency at $678,000. 

The State Department has long faced great difficulties in 

securing funds for research. Many of its officers are not convinced 

that the social and behavioral sciences have something to offer that 

is both useful and not obtainable elsewhere. Until very recently, 

the Department of State has been singularly lacking in initiative in 

inquiring into the potentialities of these sciences for making signif­

icant contributions in the national security area. Until recently, 

it rejected the idea of accepting additional research funds offered 
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to it on a transfer basis by the Department of Defense. In fiscal 

year 1971, arrangements were effected by which the State Department 

can contract for research with the use of Department of Defense 

funds.* 

The Committee believes strongly that the Department of Defense 

needs competition in the fields of foreign area research and policy­

planning studies in order to sharpen both the management of the effort 

and the quality of the end products. Knowledge is power; and, as the 

possessor of the most knowledge, the Department of Defense tends to be 

in a commanding position, and, therefore, is not compelled to try to 

do the best possible job in analyzing and defining any situation. It 

is difficult for other agencies to present and argue for a different 

picture in the absence of knowledge even approaching that possessed 

by the Department of Defense. 

If a better balance in social science research were the sole 

objective, it could, presumably, be secured by simply cutting the 

Department of Defense's national securities affairs research funds 

down to a level similar to that of the other agencies. The Committee 

* See FAR Horizons, Vol. III, No. 5, September, 1970. 

"This fiscal year the Department of State will expand 
its contract and consultant research program . The aim is 
to make more use of the special knowledge and insights to 
be found outside the Government in universities, nonprofit 
research organizations, and among private foreign affairs 
experts. The State Department has requested from Congress 
an appropriation of $350,000 f or the program, up from 
$125,000 last year. And the Department of Defense has 
agreed to allocate to State $483,000 for studies in the 
broad field of national security of interest to both 
departments. The goal is a $833,000 program in fiscal 
year 1971." 
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rejects this approach. We hold that more research, along with better 

management, is needed, not less. The sensible way to correct the 

long-standing imbalance is to build up the research strength of other 

agencies, and this we strongly recommend. The Department of Defense, 

of course, does not determine the allocation of research funds or 

their division among the relevant agencies. Consequently, when we 

urge the need for increased foreign area research by the Department 

of State and other agencies, our recommendation is addressed to them 

and to the appropriate committees of the Congress. 

All the members of this Committee recommend a phased transfer 

of responsibilities and funds for foreign area research from the 

Department of Defense to the Department of State and other national 

security agencies. However, we do not agree upon a single answer to 

the question, '~hat should be done if increased funds for the other 

agencies are not forthcoming?" Some of us believe that the crucial 

requirement is that the information needs of the national security 

community be met. If other agencies are not equipped to meet these 

needs, then some of us would have the Department of Defense continue 

to sponsor foreign area research and policy-planning studies at present 

levels (even though this may be unrealistic, in the light of developing 

congressional attitudes) until that situation changes. Other members 

of the Committee, however, are convinced that the transfer of research 

funds to other agencies is the decisive consideration. Those who take 

this position would end the Department of Defense's support of this 

kind of research and trust that other agencies and the appropriate 

congressional committees would then see the necessity of assuming 
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responsibilities for it. The assumption is that, unless the drastic 

step is taken, the natural inertia of the bureaucracy will serve to 

delay unconscionably, if not comp l ete ly thwart, the transfer of 

responsibility that is required. 

Every member of the Conunittee, however, agrees that the Depart­

ment of Defense should actively seek the transfer of responsibility 

for the support and management of f oreign area research. Moreover, 

we agree that it should strongly endorse the creation of a government­

wide institutional structure--to which i t would have access and in 

which it would have a chance to voice its informational needs--in 

which this responsibility should be l odged. 

IV . I n.o :u ,tutfo nai. Ch oic. eJ.i 

The pluralistic character of research performance in the United 

States is exhibited by the variety of ins titutions t hat carry out what 

is generically spoken of as " government research." Such research may 

be conducted in an internal (in-house) f edera l laboratory; in a f eder­

ally owned facility operated under cont r act by a nongovernmental 

organization; in a private for profit corporation; in a privately­

owned not-for-profit corporation, a l l or almost all of whose business 

is obtained through contract wi th one or more government agencies; in 

public or private universities, either by contracts with research cen­

ters or grants to individual faculty members; and even by independent, 

individual consultants. 

The pluralism in research performance poses a basic question: 

"What balance should be struck between i n tramural and extramural 

research?" More ·than 85 percent of the f ederal government's research 
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and development budget is currently used to purchase extramural research 

from the whole range of institutions just listed. About 25 percent of 

all research and development funded by the Department of Defense is per­

formed intramurally, ranging from 36 percent in the Department of the 

Army to 15 percent in the Department of the Air Force. 

The use of extramural research performers has had advantages that 

are generally recognized throughout the federal government. Contracting­

out avoids civil service constraints and complications; it develops 

private sector interests in and support for government programs; permits 

access to talent that the government might not otherwise be able to 

recruit or employ on a full-time basis; and is easier (at least in 

principle) to turn off, as well as on, than is an in-house laboratory. 

While most research contracts are of a "hardware" nature, a 

strong tendency to use extramural sources for both policy research and 

policy advice has developed in recent years. Prominent examples in 

this area include studies by the RAND Corporation on a variety of stra­

tegic policy questions for the Air Force and by the Institute for 

Defense Analyses on behalf of the Office of the Secretary of Defense. 

Even congressional committees have made occasional use of policy 

research contracts--for example, the series of studies on foreign 

policy topics contracted for with university groups by the Senate 

Committee on Foreign Relations a few years ago. 

Although extramural contractors have been widely used for all 

kinds of research, it is not clear whether adequate criteria exist 

for determining which research should be performed extramurally and 

which on an in-house basis. 
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In the hardware area, the so-called Bell Report of 1962 on 

government contracting for research and development expressed con­

siderable unease, if not alarm, over the inability of contracting 

units to monitor their extramural research effectively, largely 

because they had denuded themselves of in-house capabilities. 

That report urged that more of the important research tasks be 

retained for intramural laboratories on the ground that their senior 

scientists would then constitute a pool of advisory experts needed 

to help policy makers select extramural research teams or monitor 

on-going extramural work.* 

The Committee has the impression that on the social science 

side it might be somewhat easier to follow this urging with respect 

to manpower than to foreign-area and policy-planning research. This 

may depend in part, however, on just where the research is located 

internally, and what kinds of personnel (policy-making or research 

management bureaucracy) exercise day-by-day direction of it. 

One of the major recommendations of the Bell Report was for 

parity of salaries between governmental and nongovernmental employ­

ers. Legislative developments since 1962 have made a considerable 

advance toward this objective. In the social sciences, however, 

the number of supergrade positions for senior scientists is appar­

ently insufficient. Strong representation by the Department of 

Defense to the Civil Service Commission, in collaborative effort 

with other agencies, is in order regarding the need for high level 

*U.S. Bureau of the Budget, Report to the President on Government 
Contracting for Research and Development (Washington: Government 
Printing Office, 1962). David E. Bell was then Director of the 
Bureau of the Budget. 

24 



social scientists. Even more important than salaries in enabling 

the government to maintain first class intramural research estab­

lishments, in the judgment of the Bell Report, is having "signif­

icant and challenging work to do." The Department of Defense should, 

therefore, ensure that research problems assigned to intramural staff 

are such as to attract and hold first-class scientists. "No matter 

how heavily the Government relies on private contracting," states the 

Bell Report, "it should never lose a strong internal competence in 

research and development." This observation carries even greater 

weight in connection with policy-planning than with hardware. And 

in this area, it may be added, there is good reason for the govern­

ment to be aware of what arises on both the producer and consumer 

sides of the research relationship. 

We reconnnend that the Department of Defense give concentrated 

attention to the development of a first-rate in-house social and 

behavioral science capability, both for conducting pilot studies and 

for monitoring external research. 

An intramural research staf f in daily contact with policy­

making officials, on the one hand, and with contractor research per~ 

formers, on the other, might possibly alleviate one of the most 

crucial of all institutional problems, that of ineffective communi­

cation between research producers and users. If intramural research 

staff were to be organized by assignmen t to policy-making offices 

(e.g., some to the Assistant Secretary for International Security 

Affairs, some to the Assistant Secretary for Manpower and Reserve 

Affairs), rather than located in an isolated set of rooms called a 

research laboratory, they could be particularly effective in a liaison 
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capacity between policy-makers and the outside research communities. 

A strong effort is needed to re-think the Department's pattern 

of intramural and extramural research generally. Certain criteria 

are immediately apparent for determining which social science work 

should be done inside and which outside. For example, external 

research is obviously inappropriate for "fire-fighting" tasks, but 

it is appropriate for much long-term work. Some long-term work, 

however, should also be done in-house, by way of maintaining the 

monitoring capacity of the Department's social science research staff. 

Another criterion, for example, arises from the very situation 

of internal researchers, which makes them most unlikely to be able to 

escape from the constraints imposed by· their positions and deal effec­

tively with tasks calling for fundamental questioning of the assumptions 

of current policy. Indeed, it is dubious whether even retainer organi­

zations--such contract research centers as the Center for Naval Analy­

ses or the Center for Research in Social Systems, for example--are 

sufficiently outside the agency framework to engage in this kind of 

independent re-thinking of accepted policy, or, if they can do it, 

whether they will also be eager to transmit results. Ideally, every 

government department should have an "Assistant Secretary for the 

Questioning of Assumptions." Practically, it must be recognized that 

no bureaucratic organization can be expected to permit and reward the 

degree of self-criticism that should be generated internally. Indeed, 

the most penetrating criticism of national security policies and pro­

grams is often likely to come from those whose perspective would not 

permit them to accept Department of Defense support for their research, 

let alone to become employees of the Department. 
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This is not to say, however, that incisively critical policy­

planning research can never be sponsored by the military agencies. 

There are, after all, many gradations of disagreement and criticism. 

Even internal staff are expected to alert their principals to weak 

spots and inadequacies in existing or proposed programs. The Depart­

ment's policy-planning research should continue to include some that 

is performed extramurally, but personnel in the contract research 

centers or the universities engaged in such work have an obligation 

to keep Department of Defense sponsors fully informed of their own 

perspectives and assumptions. It is important to national security 

policy that, when there is a lack of consensus about the direction of 

policy, even among objective, competent researchers, the major diver­

gent views should be fully developed and strongly presented to policy­

making officials. 

This is to say, first, that the Department of Defense needs to 

expose its own thinking and assumptions to outside criticism, and, in 

consequence, has an obligation to provide at least some outside crit­

ics with sufficient information about its assumptions to provide a 

basis for intelligent criticism. Second, it also means that policy­

related social science researchers who are critical of United States 

policy should not withdraw from the task of analyzing national 

security policy merely because they are at odds with it or made 

angry by it. The appropriate institutional arrangement for critical 

research is probably one in which the Department contracts with an 

independent research institute, or a university-affiliated research 

center, in such a way that it relies upon and ensures the freedom of 

the capability-~presumably selected because it meets the highest 
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standards of professional competence--to pick its own researchers 

and its own research topics. An agency in need of having its pro­

grams criticized is never in a good position to advise the potential 

critics on the most fruitful focus and techniques of inquiry and 

evaluation. 

Another aspect of the institutional criteria for defense­

related social and behavioral science research involves the dis­

tinction between inquiry in which the intended end product is a set 

of data, a descriptive statement, or a training manual, and that 

which focuses on categorizing, analyzing, developing, and present­

ing different perspectives and policy possibilities. The first 

types of research can often well be performed by teams in a rela­

tively bureaucratic setting. The second may suffer from "group 

think" approaches, and,to the extent that it does, is an appropriate 

area for individual research. 

This suggests a related point about the institutional structure 

of Department of Defense research. It has already been observed that 

the term "research" should have a broader meaning for the Department 

than for academics, and that the Department should specifically think 

of its research as including the contributions of individual consult­

ants. On this point, the Committee recognizes that individuals pos­

sessing specialized knowledge are, perhaps, the Department's greatest 

resource in the research community. Its experience with the develop­

ment and use of a roster of consultants has proved beneficial. Such 

individuals may be called in for two or three days of consultation as 

problems arise in their areas of expertness. Sometimes this is for 

the purpose of crafting papers; sometimes for the purpose of sharing 
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specific information and perspectives with those in policy positions. 

Consultation involves the application of a researcher's competence as 

an expert, as well as his total background, to an ilillllediate problem 

rather than new research. Frequently, however, the immediate prob-

lem will inspire the consultant to do new and useful research. But, 

from the viewpoint of the user, it is research. In his relationship 

to consultants, the research administrator's primary function is not 

that of receiving information from the researcher and then reinter­

preting it to the policy-maker. It is, rather, that of helping the 

policy-maker find the individual in the research community whose back­

ground and competence are best suited to the problem at hand, and who 

is known for an ability to speak the policy-maker's language, as well 

as the occasionally arcane jargon of his own specialty. 

v. Re.oe.aAc.h Pla.nvu.ng and Imp.leme.nta;tion 

The emphasis needed in research management on the qualities of 

the research effort itself should not be pursued at the expense of 

appropriate attention, first, to the planning of the entire research 

program before research is begun and, second, to the implementation 

of tentative findings when they emerge from the initial stages of 

research. 

Cyril E. Black, in a recent evaluation of government-sponsored 

research and international studies,* states that one of his principal 

impressions is that "there seems to have been no government-wide 

* Cyril E. Black, "Government-Sponsored Research in International 
Studies," World.Politics (1970). 
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effort to establish research priorities based on what is already known, 

what is already being done by privately supported research, and what 

the needs of the nation and of scholarship are." It would be wasteful 

in the extreme if this situation were to continue. The Connnittee does 

not believe that the Department of Defense should unilaterally deter­

mine research priorities in foreign area studies and policy-planning, 

as we later make clear. We hold that the Department should cooperate 

with the Department of State and other national security agencies in 

supporting problem-related studies of research needs and resources. 

Such studies would differ significantly from the survey of the behav­

ioral and social sciences, completed in 1969,* which is concerned pri­

marily with the needs of these discipiines for their own conceptual 

development. What are required are assessments of research needs and 

resources f rom the point of view of policy-makers. 

We reconnnend that the national security agencies jointly estab-

lish a task f orce on social and behavioral science research priorities 

i n the area of national security policy. Its charge would be to pre-

pare a statement that (1) assesses the present "state of the art" in 

the sciences; ( 2) details specific research needs from a policy per­

spective; and (3) identifies and evaluates the intramural and extra-

mural resources required to meet various levels of needs. This task 

f orce should be composed of both research administrators in the 

national security agencies who are knowledgeable on policy and non­

governmental members of the national security policy research 

* Behavioral and Social Sciences Survey, National Academy of Sciences 
and Social Science Research Council, The Behavioral and Social Sci­
ences: Outlook and Needs (Washington, D. C.: National Academy of 
Sciences, 1969). 
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community.* 

There is, perhaps, an even greater inadequacy in government 

social science research than the failure to develop an adequate 

inventory of research needs and statement of priorities. That is 

the lack of realization on the part of research users that the 

social and behavioral sciences have developed to the point of pro-

viding more than "armchair" analyses, and require in some instances 

large-scale opportunities for exploratory development and experimental 

testing. Certain operational problems, as well as fundamental assump­

tions, relating to the development of an all volunteer army, it would 

appear, could be effectively investigated by way of well-conceived, 

properly evaluated field experiments: 

The Department of Defense divides its research program into 

five levels, ranging from "fundamental research" (identified as 6.1 

funding) through "exploratory development" (6.2), "advance develop­

ment" (6.3), and "engineering development" (6.4), to "studies and 

analyses" (6.5). Until very recently, funding for the behavioral 

and social sciences has been limited to the 6.1 and 6.2 levels. 

Larger sums for development and testing in the 6.3 to 6.5 categories 

have been unavailable. It may well be that the utility of research 

in these sciences has been limited because projects in the more 

applied areas have been thwarted by lack of support. 

The idea of field testing social science hypotheses is not yet 

* The Committee understands that consideration is being given to the 
establishment of an interagency group that could undertake the task 
of developing the priorities for research in the social and behav­
ioral sciences on national security policy. 
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widely accepted by either researchers or policy-makers. Yet there is 

a sufficient number of successful examples of applied social science 

research on a large scale, and of the testing of social hypotheses, 

to make it impossible to deny the potential value of such work. One 

fascinating current example on the civilian side might be cited: the 

experimentation with a negative income tax approach to public assist­

ance payments which is being sponsored by the Office of Economic 

Opportunity. Preliminary reports on the New Jersey field testing of 

the negative income tax approach have provided the first empirical 

data ever applied in a systematic way to the widely believed adage 

that any kind of governmental "welfare" benefit must destroy personal 

work incentives. Other controlled so•cial experiments in the educational 

field that will serve to test hypotheses have also been planned by the 

Office of Economic Opportunity. 

In the national security area, the methodology of social science 

research now permits and warrants substantial funding for such efforts 

as simulations of the operational environments that policy-makers may 

posit as constituting the range of possibilities for which the nation 

must be prepared. Computer-based simulation studies on a large scale 

are likely to be expensive. They may be used either for fundamental 

research or for engineering development, and it is particularly diffi­

cult in the social sciences to draw a dividing line between different 

stages of research and development. But, under whatever label, they 

constitute a qualitatively different mode of behavioral research than 

is encompassed by the traditional expectations of many foreign-affairs 

practitioners, who believe that the social sciences can provide little 
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or nothing beyond humanistic, individual, historical research. The 

limits of utility on "engineering development studies" in the behav­

ioral and social science areas of Department of Defense research are 

not yet known with any precision. However, it is clear that those 

limits have not been approached and that an adequate effort to develop 

the engineering side of behavioral and social science research has not 

yet been undertaken. The potential for such work is perhaps especially 

great in the area of manpower research (psychological testing mechan­

isms, for example), but it also exists in the policy-planning and 

foreign-area spheres. 

We recommend, therefore, that the Department of Defense make 

a deliberate decision to multiply several times over the amount of 

funding available to the social and behavioral sciences under the 

6.3 - 6.5 research program levels. In implementing this recommenda­

tion, the Department's research administrators should undertake the 

special task of identifying a number of promising development and 

testing projects in the social sciences. These projects could be 

selected with an eye to enhancing the value of research in the 6.1 

and 6.2 categories and thus further developing the state of the art. 

VI . F ,i,,t.;(:ing R e.o e.a.1tc.h .to P ouc.y Ne. e.cl6 

Published commentaries on the relationship between the federal 

government and the research community tend to be written by members 

of the latter group and thus inevitably to reflect the perspectives 

of research producers more strongly than those of the government offi­

cials who sponsor and use research. Some individuals, of course, 

embody both a professional social science background and high-level 
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governmental experience. Many of these have exhibited (either pri­

vately or publicly) skepticism and even hostility toward extramural 

research. These views appear to be engendered by a sense that 

social science research is often irrelevant. 

High-level officials, both in the Department of Defense and 

in the former Bureau of the Budget, believe that research should be 

more useful to them than it is. Non-mission oriented basic research 

is considered to have lacked policy payoffs and to have constituted 

both a subsidy to producers and a source of difficulty and irritation 

with the Congress. Research producers are sometimes viewed as being 

more interested in furthering their academic disciplines than provid­

ing operational help to the Department of Defense. Part of this set 

of negative attitudes reflects an apparent failure on the part of 

producers to learn enough about the problems of the research consum­

ers to be able to design concretely applicable programmatic proposals. 

To its critics, much social science research has appeared to be simply 

fact-gathering unrelated to hypotheses, and, when used, the hypotheses 

seem to be those generated by their relevance to the discipline rather 

than to consumers of research and the Department of Defense. So run 

the criticisms from the user perspective--a perspective which, it 

must be admitted, is not as strongly represented as it should be in 

many panels that have commented on the relationship between researcher 

and policy-maker. 

Obviously, these criticisms taken alone constitute a one-sided 

picture of the actual relationship. Research producers, too, can 

register valid complaints--among them, for example, the inability of 
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many policy-makers to pose their problems in researchable terms, or 

their unwillingness to make an effort to understand some necessary 

conceptual complexities when they first encounter them. Some mem­

bers of the Committee believe that the demands upon policy-makers 

require that sympathetic and detailed interpretation of problems be 

done by research administrators who have regular contact with them. 

All too often, however, research administrators are at lower levels 

in the bureaucracy, and communicate primarily with research producers. 

As a result, their formulation of research needs tends to reflect the 

propensities of the latter. Researchers voice two other major com­

plaints. First, they maintain that some policy-makers are interested 

only in research that seems likely to result in desired answers. 

Second, and perhaps more important, they hold that policy-makers show 

a proclivity to impose burdensome reviews of research reports by 

unqualified persons and unnecessary security classifications. 

The objective now, of course, is ·not to assess blame, but to 

bridge the managerial gap between policy-makers and researchers, 

taking into account the criticisms from both perspectives, in order 

that the relationship may become more mutually beneficial. Demand 

and supply simply are not meeting in a usefully meaningful way today. 

Producers continue to feel that they have something to offer, and 

consumers continue to feel that research is not but should be useful. 

What can be done by way of remedy? 

Some positive steps have already been taken. Research funds 

have been allocated to operational agencies such as Systems Analysis 

and International Security Affairs on the assumption that these 
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offices can better define their needs than can the Directorate of 

Defense Research and Engineering. The military services have been 

given funds with the intent that they offer research proposals for 

competitive bidding by the research community, and Systems Analysis 

has instituted training programs for in-house research and analysis. 

These modest steps are to the good, but they are not sufficient. 

Additional measures, we believe, would help. 

In order to bring about a more effective managerial relation­

ship between the consumers of research in the Department of Defense 

and its producers, we recommend the following six actions: 

1. Assign formal responsibility for research allocation and 

supervisory functions among the major consumer offices 

in the Department of Defense, such as International 

Security Affairs, Installations and Logistics, and Man­

power and Reserve Affairs, as well as to the Advanced 

Research Projects Agency; or, alternatively, give each 

of the major consumer offices a role in requesting and 

sponsoring research, similar to the role performed by 

the services, under the oversight of the Director of 

Defense Research and Engineering. 

2. Upgrade the research bureaus within the principal offices 

of the Secretary of Defense by giving the bureau chief a 

super-grade status, provided that individuals meriting 

this grade can be found. Such individuals should not 

only understand traditional social science research but 

also have access to and enjoy the confidence of policy-

36 



making consumers at the level of Assistant Secretary and 

Deputy Assistant Secretary of Defense. If a choice has 

to be made, a staff person who understands the policy 

context and has some familiarity with research may be 

preferable to one with very strong disciplinary research 

background but no acquaintance with or feel for policy­

making. 

3. Provide funds for retrospective studies in the social and 

behavioral sciences designed to establish the relationship, 

if any, between basic research and programmatically useful 

results. 

4. Allocate funds for evaiuative studies of on-going programs 

that allow for the questioning of policy assumptions and 

the proposal of programs alternative to those under analy­

sis, in order to suggest how programs might be modified in 

the future. 

5. Create an internal research information retrieval system 

designed not only to prevent the "loss" of previous 

research but also to compensate for the compartmentaliza­

tion that exists within the Department. It would be 

desirable to include within such a system internal staff 

studies as well as external research, even though this 

would make the system more sensitive and highly classi­

fied. 

6. Provide more precise formulations of Department of Defense 

research needs and work toward better anticipation of 

those needs, so that potential contractors for research 
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will have adequate time for the preparation of proposals. 

These are steps that the Department of Defense can take. The 

members of the national security research community can also contrib­

ute to improving their relationship with the security agencies. They 

can develop a greater willingness to participate in research seeking 

to determine the operational payoffs resulting from basic research in 

the main disciplines of the social sciences, and to help define areas 

of programmatic research in which results of definite operational 

utility to consumers could be produced. They could express greater 

interest than they have in the past in engaging in program evaluation 

as an important function, both as an aid to policy-makers and as a 

mechanism for training research producers with an operational bent. 

Continuing interchange of personnel between the Department of Defense 

and the research community would be of obvious value to an improved 

relationship. This, however, will be understandably difficult to 

achieve in the present atmosphere unless it is part of a more general 

"in-and-out" exchange program between government agencies, on the one 

hand, and universities and research institutes, on the other. 

VII. Soua.£ Sue.nc.e. Tll.a.n.6WoM 

The value of such an exchange program would be doubled or 

tripled if in association with it there were developed university 

training programs looking toward the creation of a new breed of 

applied social scientists, or what might be called "social science 

engineers." Some recognition has already been given to the need for 

social science professionals who are not wholly "pure researchers." 
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To some extent, schools of public administration and schools of 

international affairs have worked for years toward this goal by 

focusing their curricula to some degree on use of the social sci­

ences in governmental program contexts. Perhaps the new programs 

in public policy analysis that are springing up in a number of 

universities will come closer to filling the need. Such programs 

may, however, be too general and too much a mixture of disciplines 

for developing applied social scientists in each of the various 

disciplines, as in the case of the relationship of chemical engin­

eers to the disciplines of chemistry. Economics and psychology 

perhaps lead among all the social and behavioral sciences in already 

possessing an "engineering" dimension. They need further development 

in this direction , and pol i tical science and sociology have only 

begun to focus attention upon developing the kinds of professional 

competence envisioned. 

Existing training programs in the universities that use the 

social sciences tend to assume that their graduates will occupy 

operating administrative positions. The personnel need the Commit-

tee has in mind is for researchers specifically attuned to operational 

contexts, rather than administrators. Policy-planning and evaluation, 

whether in the area of national security or health and education pro­

grams, are looming larger every day as important dimensions of the 

operations of government. The principal consumers of evaluative pro­

gram research are unable to spend time on the formulation and defini­

tion of their research needs. Evaluative studies, therefore, frequently 

tend to be quite general in character and to require sympathetic and 

detailed interpretation. If a cadre of applied social scientists could 
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be developed, they might perform this dual role of interpretation 

and operational definition of research needs. They would, as part 

of their training, presumably learn how to communicate both in the 

research language of their discipline and in the language of the 

policy-making user of research. 

While the Department of Defense needs applied social science, 

it cannot be said that it has a primary responsibility for inaugurat­

ing major efforts toward the establishment of educational patterns 

designed to produce the required talents. It can, however, serve to 

stimulate and encourage such efforts. 

We recommend that the Department of Defense bring to the 

attention of other agencies with similar needs for a policy-research 

interface the desirability of and opportunities for encouraging the 

development of applied social and behavioral scientists. The 

National Security Council and the Domestic Council in the Executive 

Office of the President--both of which must be very conscious of this 

need--might be appropriate sources of an interdepartmental statement 

on this need and the ways to fulfill it. 

VII I. A F otr.ug n- M e.a Re.-6 e.atr.c.h StAuc.twr.e. 

We have already recommended the creation of a new institutional 

structure, government-wide, to which the Department of Defense would 

have access, which would include all the national security agencies.* 

We recommend also the phased transfer of Department of Defense respon­

sibility for foreign-area research to this organization. 

* See above, p. 22 . 
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A critical dimension of the problem of securing effective 

foreign area and policy-planning studies lies in the institutional 

arrangements for managing these kinds of research. Also needed are 

means for developing among researchers awareness of the importance 

of shaping their investigations so as to make them meaningful to 

policy-makers. This does not, of course, imply a style in research 

that represents an unthinking response to the bidding of policy­

makers. 

As an outside group, the Committee does not believe that it 

is in a position to prescribe detailed institutional blueprints for 

the ~ffective management of foreign area and policy-planning research. 

We think we can, however, suggest certain principles and parameters 

for consideration in working out the details. 

To ensure the responsiveness of behavioral and social science 

research to the needs of the national security community, it will be 

necessary to achieve four objectives: 

1. Improved overview and coordination of agency research 

programs: Better means are needed for the coordination of the many 

social and behavioral science research programs undertaken by agen­

cies of the national security community in order to avoid unnecessary 

substantive overlap, as well as to construct an overarching framework 

within which specific agency programs may be formulated. 

2. Conduct of targeted research on specific problems of con­

cern to the national security community as a whole: There are many 

substantive needs that the national security agencies share. Exam­

ples of such needs are analyses of Soviet perspectives on the stra­

tegic arms race and the impact of the United States' involvement in 
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Vietnam upon the attitudes of Asian leaders. This type of research 

is of interest to the national security community as a whole. More­

over, frequently it must also be undertaken on short notice and with 

a highly specific focus that can be articulated only if the points 

of view of several agencies are taken into account. 

3. Develop an effective information system: We referred 

earlier to the need for an information retrieval-system that can 

marshal sources of relevant information both quickly and unobtrus­

ively. Such a system would be concerned principally with non­

classified information, such as social science studies of particular 

nations or international situations. It would be designed primarily 

to provide a quick retrieval capability at times when research or 

in-depth staff studies are precluded by the press of events. 

4. Provide policy analysis capability at the Presidential 

level: The President and his senior advisers should have at their 

disposal a research and analytic capability that will permit hand­

ling issues of the utmost sensitivity, as already exists to a small 

but important degree in the National Security Council staff. Research 

on such issues must perforce be undertaken without alerting layers of 

bureaucracy either to their existence or to the policy alternatives 

being considered. 

A research management structure to meet these needs would have 

certain identifiable characteristics. Among these is a linkage 

between research administrators and decision-makers sufficiently 

close to enable (1) translating information needs of decision-makers 

into researchable questions; (2) indicating to decision-makers when 

research might contribute to the resolution of their problems; 
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(3) interpreting research findings to decision-makers, so that they 

can be alerted to both the significance and limitations of findings; 

and (4) ensuring that research findings reach the right decision­

maker at the right time. 

The research-management structure must provide both the over­

view responsibility and the authority to monitor agency research 

programs, to reduce redundancy, and to contribute a broader perspec­

tive within which agency programs can place their own work. Moreover, 

it must be capable of serving as final arbiter in jurisdictional dis­

putes between agencies and of undertaking research of interest to the 

national security community as a whole, but perhaps not particularly 

appropriate for any single agency to sponsor. 

Of the numerous institutional alternatives that might be con­

sidered for meeting these requirements, the Committee believes that 

the following are most worthy of attention and careful evaluation, 

for each has disadvantages as well as advantages: 

a. National Security Council Staff: It has been suggested 

that the National Security Council staff be enlarged to include indi­

viduals whose function it would be to manage foreign-area research 

and policy-planning studies. The policy responsibility would lie 

with the President's National Security Adviser and his staff. 

b. Interdepartmental Groups Within the National Security 

Council Structure: According to this approach, the research manage­

ment function would be built into the National Security Council 

operating structure. Policy responsibility would rest with the 

five regional Interdepartmental Groups. These Groups would be sup­

ported by a staff of demonstrated competence in both research and 
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its aqministration. 

c. Interagency Committee Within the Research Community: 

Another form of interagency grouping, suggested by a subcommittee 

of the Defense Science Board, would consist of representatives from 

appropriate research programs within the national security community. 

They would sit on a committee under the chairmanship of either the 

Director of Defense Research and Engineering or the Under Secretary 

of State. This committee would have both policy and managerial 

responsibilities relating to research. 

A choice among these possibilities should, we have concluded, 

not be recommended by the Committee. That determination is better 

made by officials intimately in touch with the situation, for there 

are matters of prudential judgment involved that would modify the 

application of the principles enunciated here. These principles 

can, however, guide the practical decision. 

IX. Conc.£.uoion 

Research management comprises tasks on many levels. As we 

have already observed, only those intimately involved can speak with 

authority about the most desirable specific arrangements. What an 

outside group, such as this Committee, can best do is provide a per­

spective and a set of guidelines. This we have attempted to do. 

Although there is bitter feeling today between the Department 

of Defense and some segments of the social science community, and 

although some tensions will always exist between policy-making users 

of research and outside researchers, there is, nevertheless, an on­

going relationship that is potentially productive and that needs to 
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be better managed than it is. Those who wish to see national security 

policy changed, as well as those who endorse present policies, can 

surely agree that a policy process informed by first-rate research and 

assuring clear communication between policy-makers and researchers 

deserves encouragement. 

The Committee hopes that the frame of reference provided here 

will be conducive to such a better relationship. 
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Public Participation .in the Evolution of Change· 
(extract of .a lett e r from Dr. Edward E. David, Jr.) 
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Cc: Mr. David Z Beckler 
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Jay W. Forrester* 
Professor of Management, M.I.T. 

Reprinted from Technology Review 
Volume 73, Number 3, January, 1971 
Copyright 1971, Alumni Association of the 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

Counterintuitive Behavior 
of Social Systems 
This paper addresses several issues of broad concern 
in the United States: population trends ; the quality of 
urban life; national policy for urban growth ; and the un­
expected, ineffective, or detrimental results often gener­
ated by government programs in these areas. 

The nation exhibits a growing sense of futility as it re­
peatedly attacks deficiencies in our social system while 
the symptoms continue to worsen. Legislation is de­
bated and passed with great promise and hope. But 
many programs prove to be ineffective. Results often 
seem unrelated to those expected when the programs 
were planned. At times programs cause exactly the re­
verse of desired results. 

It is now possible to explain how such contrary results 
can happen. There are fundamental reasons why people 
misjudge the behavior of social systems. There are 
orderly processes at work in the creation of human 
judgment and intuition that frequently lead people to . 
wrong decisions when faced with complex and hig~ly 
interacting systems. Until we come to a much better 
understanding of social systems, we should expect that 
attempts to develop corrective programs will continue 
to disappoint us. • 

The purpose of this paper is to leave with its readers a 
sense of caution about continuing to depend on the 
same past approaches that have led to our present feel­
ing of frustration and to suggest an approach which can 
eventually lead to a better understanding of our social 
systems and thereby to more effective policies for guid­
ing the future. 

A New Approach to Social Systems 
It is my basic theme that the human mind is not adapted 
to interpreting how social systems behave. Our social 
systems belong to the class called multi-loop nonlinear 
feedback systems. In the long history of evolution it 
has not been necessary for man to understand these 
systems until very recent historical times. Evolutionary 
processes have not given us the mental skill needed to 
properly interpret the dynamic behavior of the systems 
of which we have now become a part. 

*This paper is copyright 1971 by Jay W. Forrester. It i s based 
on testimony for the Subcommittee on Urban Growth of the 
Committee on Banking and Currency, U.S. House of Represen­
tatives, on October 7, 1970. This text appeared in the January 
1971 issue of Technology Review,published by the Alumni 
Association of the Massachusetts Institute of Technology. 

In addition , the social sciences have fallen into some 
mistaken " scientific" practices wh ich compound man 's 
natural shortcomings. Computers are often being used 
for what the computercfoes poorly and the human mind 
does well. .At the same time the human mind Is being 
used for what the human mind does poorly and the com­
puter does well. Even worse, impossible tasks are at­
tempted while achievable and important goals are ig­
nored. 

Until recently there has been no way to est imate the 
behavior of social systems except by contemplat ion , dis­
cussion, argument, and guesswork. To point a way out 
of our present dilemma about social systems, I will 
sketch an approach that combines the strength of the 
human mind and the strength of today's computers. The 
approach is an outgrowth of developments over the last 
40 years, in wh ich much of the research has been at 
the Massachusetts Institute of Technology. The con­
cepts of feedback system behavior apply sweepingly 
from physical systems through social systems. The 
ideas were first developed and applied to engineering 
systems. They have now reached pract ical usefulness 
in major aspects of our social systems. 

I am speaking of what has come to be called industrial 
dynamics. The name is a misnomer because the 
methods apply to complex systems regardless of the 
field in which they are located. A more appropriate 
name would be system dynamics. In our own work, 
applications have been made to corporate policy, to the 
dynamics of diabetes as a medical system, to the 
growth and stagnation of an urban area, and most re­
cently to world dynamics representing the interactions 
of population, pollution, industrialization, natural re­
sources, and food. System dynamics, as an extension of 
the earlier design of physical systems, has been under 
development at M.I.T. since 1956. The approach is easy 
to understand but difficult to practice. Few people have 
a high level of skill ; but preliminary work is developing 
all over the world. Some European countries and es­
pecially Japan have begun centers of education and 
research . 

Computer Models of Social Systems 
People would never attempt to send a space ship to the 
moon without first testing the equipment by constructing 
prototype models and by computer simulation of the 
anticipated space trajectories. No company wou!d put 
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a new kind of household appliance or electronic com­
puter into production without first making laboratory 
tests. Such models and laboratory tests do not guaran­
tee against failure, but they do identify many weak­
nesses which can then be corrected before they cause 
full-scale disasters. 

Our social systems are far more complex and harder to 
understand than our technological systems. Why, then, 
do we not use the same approach of making models of 
social systems and conducting laboratory experiments 
on those models before we try new laws and govern­
ment programs in real life? The answer is often stated 
that our knowledge of social systems is insufficient for 
constructing useful models. But what justification can 
there be for the apparent assumption that we do not 
know enough to construct models but believe we do 
know enough to directly design new social systems by 
passing laws and starting new social programs? I am 
suggesting that we now do know enough to make useful 
models of social systems. Conversely, we do not know 
enough to design the most effective social systems di­
rectly without first going through a model-building 
experimental phase. But I am confident, and substan­
tial supporting evidence is beginning to accumulate, 
that the proper use of models of social systems can lead 
to far better systems, laws, and programs. 

It is now possible to construct in the laboratory realistic 
models of social systems. Such models are simplifica­
tions of the actual social system but can be far more 
comprehensive than the mental models that we other­
wise use as the basis for debating governmental action. 

Before going further, I should emphasize that there is 
nothing new in the use of models to represent social 
systems. Each of us uses models constantly. Every 
person in his private life and in his business life in­
stinctively uses models for decision making. The men­
tal image of the world around you which you carry in 
your head is a model. One does not have a city or a 
government or a country in his head. He has only se­
lected concepts and relationships which he uses to 
represent the real system. A mental image is a 
model. All of our decisions are taken on the basis of 
models. All of our laws are passed on the basis of 
models. All executive actions are taken on the basis of 
models. The question is not to use or ignore models. 
The question is only a choice among alternative models. 

The mental model is fuzzy. It is incomplete. It is im­
precisely stated. Furthermore, within one individual, a 
mental model changes with time and even during the 
flow of a single conversation. The human mind assem­
bles a few relationships to fit the context of a discussion. 
As the subject shifts so does the model. When only a 
single topic is being discussed, each participant in a 
conversation employs a different mental model to inter­
pret the subject. Fundamental assumptions differ but 
are never brought into the open. Goals are different and 
are left unstated. It is little wonder that compromise 
takes so long. And it is not surprising that consensus 
leads to laws and programs that fail in their objectives 
or produce new difficulties greater than those that have 
been relieved. 
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For these reasons we stress the importance of being 
explicit about assumptions and interrelating them in a 
computer model. Any concept or assumption that can be 
clearly described in words can be incorporated in a 
computer model. When done, the ideas become clear. 
Assumptions are exposed so they may be discussed 
and debated. 

But the most important difference between the properly 
conceived computer model and the mental model is in 
the ability to determine the dynamic consequences 
when the assumptions within the model interact with 
one another. The human mind is not adapted to sensing 
correctly the consequences of a mental model. The 
mental model may be correct in structure and assump­
tions but, even so, the human mind-either individually 
or as a group consensus-is most apt to draw the wrong 
conclusions. There is no doubt about the digital com­
puter routinely and accurately tracing through the se­
quences of actions that result from following the state­
ments of behavior for individual points in the model sys­
tem. This inability of the human mind to use its own 
mental models is clearly shown when a computer model 
is constructed to reproduce the assumptions held by a 
single person. In other words, the model is refined until 
it is fully agreeable in all its assumptions to the percep­
tions and ideas of a particular person. Then, it usually 
happens that the system that has been described does 
not act the way the person anticipated. Usually there is 
an internal contradiction in mental models between the 
assumed structure and the assumed future conse­
quences. Ordinarily the assumptions about structure 
and internal motivations are more nearly correct than 
are the assumptions about the implied behavior. 

The kind of computer models that I am discussing are 
strikingly similar to mental models. They are derived 
from the same sources. They may be discussed in the 
same terms. But computer models differ from mental 
models in important ways. The computer models are 
stated explicitly. The "mathematical" notation that is 
used for describing the model is unambiguous. It is a 
language that is clearer, simpler, and more precise than 
such spoken languages as English or French. Its ad­
vantage is in the clarity of meaning and the simplicity 
of the language syntax. The language of a computer 
model can be understood by almost anyone, regardless 
of educational background. Furthermore, any concept 
and relationship that can be clearly stated in ordinary 
language can be translated into computer model lan­
guage. 

There are many approaches to computer models. Some 
are naive. Some are conceptually and structurally in­
consistent with the nature of actual systems. Some are 
based on methodologies for obtaining input data that 
commit the models to omitting major concepts and re­
lationships in the psychological and human reaction 
areas that we all know to be crucial. With so much ac­
tivity in computer models and with the same terminology 
having different meanings in the different approaches, 
the situation must be confusing to the casual observer. 
The key to success is not in having a ~omputer; the im­
portant thing is how the computer is used. With respect 
to models, the key is not to compute,rize a model, but 

instead to have a model structure and relationships 
which properly represent the system that is being con­
sidered. 

1 am speaking here of a kind of computer model that is 
very different from the models that are now most com­
mon in the social sciences. Such a computer model is 
not derived statistically from time-series data. Instead, 
the kind of computer model I am discussing is a state­
ment of system structure. It contains the assumptions 
being made about the system. The model is only as 
good as the expertise which lies behind Its formulation. 
Great and correct theories in physics or in economics 
are few and far between. A great computer model is 
distinguished from a poor one by the degree to which it 
captures more of the essence of the social system that 
it presumes to represent. Many mathematical models 
are limited because they are formulated by techniques 
and according to a conceptual structure that will not 
accept the multiple-feedback-loop and nonlinear nature 
of real systems. Other models are defective because of 
lack of )snowledge or deficiencies of perception on the 
part of the persons who have formulated them. 

But a recently developed kind of computer modeling is 
now beginning to show the characteristics of behavior 
of actual systems. These models explain why we are 
having the present difficulties with our actual social 
systems and furthermore explain why so many efforts 
to Improve social systems have failed. In spite of their 
shortcomings, models can now be constructed that are 
far superior to the intuitive models in our heads on 
which we are now basing national social programs. 

This approach to the dynamics of social systems differs 
in two important ways from common practice in social 
sciences and government. There seems to be a common 
attitude that the major difficulty is shortage of informa­
tion and data. Once data is collected, people then feel 
confident in interpreting the implications. I differ on -both 
of these attitudes. The problem is not shortage of data 
but rather our inability to perceive the consequences of 
the information we already possess. The system dy­
namics approach starts with the concepts and informa­
tion on which people are already acting. Generally these 
are sufficient. The available perceptions are then as­
sembled in a computer model which can show the 
consequences of the well-known and properly perceived 
parts of the system. Generally, the consequences are 
unexpected. 

Counterintuitive Nature of Social Systems 
Our first insights into complex social systems came from 
our corporate work. Time after time we have gone into 
a corporation which is having severe and well-known 
difficulties. The difficulties can be major and obvious 
such as a falling market share, low profitability, or in­
stability of employment. Such difficulties are known 
throughout the company and by anyone outside who 
reads the management press. One can enter such a 
company and discuss with people in key decision points 
what they are doing to solve the problem. Generally 
speaking we find that people perceive correctly their 
immediate environment. They know what they are trying 
to accomplish. They kns>w the crises which will force 

certain actions. They are sensitive to the power struc­
ture of the organization , to traditions, and to their own 
personal goals and welfare. In general, when circum­
stances are conducive to frank disclosure, people can 
state what they are doing and can give rational reasons 
for their actions. In a troubled company, people are 
usually trying in good conscience and to the best of 
their abilities to solve the major difficulties. Policies are 
being followed at the various points in the organization 
on the presumption that they will alleviate the difficul­
ties. One can combine these policies into a computer 
model to show the consequences of how the policies 
interact with one another. In many instances it then 
emerges that the known policies describe a system 
which actually causes the troubles. In other words, the 
known and intended practices of the organization are 
fully sufficient to create the difficulty, regardless of 
what happens outside the company or in the market­
place. In fact, a downward spiral develops in which the 
presumed solution makes the difficulty worse and there­
by causes redoubling of the presumed solution. 

The same downward spiral frequently develops in gov­
ernment. Judgment and debate lead to a program that 
appears to be sound. Commitment increases to the ap­
parent solution. If the presumed solution actually makes 
matters worse, the process by which this happens is not 
evident. So, when the troubles increase, the efforts are 
intensified that are actually worsening the problem. 

Dynamics of Urban Systems 
Our first major excursion outside of corporate policy 
began in February, 1968, when John F. Collins, former 
mayor of Boston, became Professor of Urban Affairs 
at M.I.T. He and I discussed my work in industrial 
dynamics and his experience with urban difficulties. 
A close collaboration led to applying to the dynamics of 
the city the same methods that had been created for 
understanding the social and policy structure of the 
corporation. A model structure was developed to repre­
sent the fundamental urban processes. The proposed 
structure shows how industry, housing, and people 
interact with each other as a city grows and decays. 
The results are described in my book Urban Dynamics, 
and some were summarized in Technology Revfr~w 
(April, 1969, pp. 21-31). 

I had not previously been involved with urban behavior 
or urban policies. But the emerging story was strikingly 
similar to what we had seen in the corporation. Actions 
taken to alleviate the difficulties of a city can actually 
make matters worse. We examined four common pro­
grams for improving the depressed nature of the central 
city. One is the creation of jobs as by bussing the 
unemployed to the suburbs or through governmental 
jobs as employer of last resort. Second wa·s a training 
program to increase the skills of the lowest-income 
group. Third was financial aid to the depressed city as 
by federal subsidy. Fourth was the construction of low­
cost housing. All of these are shown to lie between neu­
tral and detrimental almost irrespective of the criteria 
used for judgment. They range from ineffective to harm­
ful judged either by their effect on the economic health 
of the city or by their long-range effect on the low­
income population of the city. 
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Figure 1. Upon this world model are based the author's 
analyses of the effects of changing population and economic 
growth factors in the next 50 years. It shows the interrelation 
of population, capital investment, natural resources, pollution, 
and the fraction of capital devoted to agriculture on which is 
based the following discussion. 

NRUR 
Natural-Resource­
Usage Rate 
9 
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NR 
Natural 
Resources 
8 

CIG 
Capital-Investment 
Generation 
25 

Cl 
Capital 
Investment 
24 

CID 
Capital-Investment 
Discard 
27 

CIAF 
Capital-Investment­
on-Agroculture 
Fraction 
35 

POLA 
Pollution 
Absorption 
33 

The results both confirm and explain much of what has 
been happening over the last several decades in our 
cities. 

In fact, it emerges that the fundamental cause of de­
pressed areas in the cities comes from excess housing 
in the low-income category rather than the commonly 
presumed housing shortage. The legal and tax structures 
have combined to give incentives for keeping old build­
ings in place. As industrial buildings age, the employ­
ment opportunities decline. As residential buildings 
age, they are used by lower-income groups who are 
forced to use them at a higher population density. 
Therefore, jobs decline and population rises while 
buildings age. Housing, at the higher population densi­
ties, accommodates more low-income urban population 
than can find jobs. A social trap is created where excess 
low-cost housing beckons low-income people inward 
because of the available housing. They continue coming 
to the city until their numbers so far exceed the avail­
able income opportunities that the standard of living 
declines far enough to stop further inflow. Income to 
the area is then too low to maintain all of the housing. 
Excess housing falls into disrepair and is abandoned. 
One can simultaneously have extreme crowding in 
those buildings that are occupied, while other buildings 
become excess and are abandoned because the econ­
omy of the area cannot support all of the residential 
structures. But the excess residential buildings threaten 
the area in two ways-they occupy the land so that 
it cannot be used for job-creating buildings, and they 
stand ready to accept a rise in population if the area 
should start to improve economically. 

Any change which would otherwise raise the standard 
of living only takes off the economic pressure momen­
tarily and causes the population to rise enough that 
the standard of living again falls to the barely tolerable 
level. A self-regulating system is thereby at work which 
drives the condition of the depressed area down far 
enough to stop the increase in people. 

At any time, a near-equilibrium exists affecting popula­
tion mobility between the different areas of the country. 
To the extent that there is disequilibrium, it means 
that some area is slightly more attractive than others 
and population begins to move in the direction of the 
more attractive area. This movement continues until 
the rising population drives the more attractive area 
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down in attractiveness until the area is again in equil ib­
rium with its surroundings. Other things being equal, 
an increase in population of a city crowds housing, 
overloads job opportunities, causes congestion, in­
creases pollution, encourages crime, and reduces al­
most every component of the qual ity of life. 

This powerful dynamic force to re-establish an equ ilib­
rium in total attractiveness means that any social pro­
gram must take into acGount the eventual shifts that 
will occur in the many components of attractiveness. 
As used here, attractiveness is the composite effect 
of all factors that cause populat ion movement toward 
or away from an area. Most areas in a country have 
nearly equal attractiveness most of the time, with only 
sufficient disequilibrium in attractiveness to account 
for the shifts in population. But areas can have the 
same composite attractiveness with different mixes 
in the components of attractiveness. In one area com­
ponent A could be high and B low, while the reverse 
could be true in another area that nevertheless had the 
same total composite attractiveness. If a program makes 
some aspect of an area more attractive than its neigh­
bor's, and thereby makes total attractiveness higher 
momentarily, population of that area rises until other 
components of attractiveness are driven down far 
enough to again establish an equilibrium. This means 
that efforts to improve the condit ion of our cities will 
result primarily in increasing the population of the cities 
and causing the population of the country to concen­
trate in the cities. The overall condition of urban life, 
for any part icular economic class of population, cannot 
be appreciably better or worse than that of the re­
mainder of the country to and from which people may 
come. Programs aimed at improving the city can suc­
ceed only if they result in eventually raising the average 
quality of life for the country as a whole. 

On Raising the Quality of Life 
But there is substantial doubt that our urban programs 
have been contributing to the national quality of life. 
By concentrating total population, and especially 
low-income population, in urban locations, undermin­
ing the strength and cohesiveness of the community, 
and making government and bureaucracy so big that 
the individual feels powerless to influence the system 
within which he is increasingly constrained, the quality 
of life is being reduced. In fact, if they have any effect, 
our efforts to improve our urban areas will in the long 
run tend to delay the concern about rising total popula­
tion and thereby contribute directly to the eventual 
overcrowding of the country and the world. 

Any proposed program must deal with both the quality 
of life and the factors affecting population. "Raising 
the quality of life" means releasing stress and pres­
sures, reduc ing crowding, reducing pollution , alle­
viating hunger, and treating ill health. But these pres­
sures are exactly the sources of concern and action 
aimed at controlling total population to keep it within 
the bounds of the fixed world within which we live. 
If the pressures are relaxed , so is the concern about 
how we impinge on the environment. Population will 
then rise further until the pressures reappear with an 
intensity that can no longer be relieved. To try to 
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raise quality of life without intentionally creating com­
pensating pressures to prevent a rise in population 
density will be self-defeating. 

Consider the meaning of these interacting attractiveness 
components as they affect a depressed ghetto area 
of a city. First we must be clear on the way population 
density is, in fact , now being controlled. There is some 
set of forces determining that the density is not far 
higher or lower than it is. But there are many possible 
combinations of forces that an urban area can exert. 
The particular combination will determine the popula­
tion mix of the area and the economic health of the 
ci ty. I suggest that the depressed areas of most Ameri­
can cities are created by a combination of forces in 
which there is a job shortage and a housing excess. The 
availability of housing draws the lowest-income group 
until they so far exceed the opportunities of the area 
that the low standard of living, the frustration, and 
the crime rate counterbalance the housing availability. 
Until the pool of excess housing is reduced, little can 
be done to improve the economic condition of the city. 
A low-cost housing program alone moves exactly in 
the wrong direction. It draws more low-income people. 
It makes the area differentially more attractive to the 
poor who ne.ed jobs and less attractive to those who 
create jobs. In the new population equilibrium that 
develops, some characteristic of the social system must 
compensate for the additional attractiveness created 
by the low-cost housing. The counterbalance is. a 
further decline of the economic condition for the area. 
But as the area becomes more destitute, pressures 
rise for more low-cost housing. The consequence is a 
downward spiral that draws in the low-income popula­
tion, depresses their condition, prevents escape, and 
reduces hope. All of this is done with the best of inten­
tions. 

My paper, "Systems Analysis as a Tool for Urban Plan­
ning" from a symposium in October, 1969, at the 
National Academy of Engineering, suggests a reversal 
of present practice in order to simultaneously reduce 
the aging housing in our cities and allocate land to 
income-earning opportunities. The land shifted to indus­
try permits the "balance of trade" of the area to be 
corrected by allowing labor to create and export a 
product to generate an income stream with which to 
buy the necessities of modern life from the outside. 
But the concurrent reduction of excess housing is 
absolutely essential. It supplies the land for new jobs. 
Equally important, the resulting housing shortage 
creates the population-stabilizing pressure that allows 
economic revival to proceed without being inundated 
by rising population. This can all be done without 
driving the present low-income residents out of the 
area. It can create upward economic mobility to convert 
the low-income population to a self-supporting basis. 

The first reaction of many people to these ideas is to 
believe that they will never be accepted by elected 
officials or by residents of depressed urban areas. But 
some of our strongest support and encouragement is 
coming from those very groups who are closest to the 
problems, who see the symptoms first-hand, who have 
lived through the failures of the past, and who must 

live with the present conditions until enduring solutions 
are found. 

Over the last several decades the country has slipped 
into a set of attitudes about our cities that are leading 
to actions that have become an integral part of the 
system that is generating greater troubles. If we were 
malicious and wanted to create urban slums, trap 
low-income p·eople in ghetto areas, and increase the 
number of people on welfare, we could do little better 
than follow the present policies. The trend toward 
stressing income and sales taxes and away from the 
real estate tax encourages old buildings to remain in 
place and block self-renewal. The concessions in the 
income tax laws to encourage low-income housing will 
in the long run actually increase the total low-income 
population of the country. The highway expenditures 
and the government loans for suburban housing have 
made it easier for higher-income groups to abandon 
urban areas than to revive them. The pressures to ex­
pand the areas incorporated by urban government, 
in an effort to expand the revenue base, have been 
more than offset by lowered administrative efficiency, 
more citizen frustration, and the accelerated decline 
that is triggered in the annexed areas. The belief that 
more money will solve urban problems has taken 
attention away from correcting the underlying causes 
and has instead allowed the problems to grow to the 
limit of the available money, whatever that amount 
might be.* 

Characteristics of Social Systems 
I turn now to some characteristics of social systems 
that mislead people. These have been identified in our 
work with corporate and urban systems and in more 
recent work that I will describe concerning the world­
wide pressures that are now enveloping our planet. 

First, social systems are inherently insensitive to most 
policy changes that people select in an effort to alter 
the behavior of the system. In fact, a social system 
tends to draw our attention to the very points at which 
an attempt to intervene will fail. Our experience, which 
has been developed from contact with simple systems, 
leads us to look close to the symptoms of trouble for 
a cause. When we look, we discover that the social 
system presents us with an apparent cause that is 
plausible according to what we have learned from 
simple systems. But this apparent cause is usually a 
coincident occurrence that, like the trouble symptom 
itself, is being produced by the feedback-loop dynamics 
of a larger system. For example, as already discussed, 
we see human suffering in the cities; we observe that 
it is accompanied {some think caused) by inadequate 
housing. We increase the housing and the population 
rises to compensate for the effort. More people are 
drawn into and trapped in the depressed social system. 
As another example, the symptoms of excess population 
are beginning to overshadow the country. These symp­
toms appear as urban crowding and social pressure. 
Rather than face the population problem squarely 

*Our continuing examination of urban behavior has been made 
possible through a grant to M.I.T. from the Independence 
Foundation of Philadelphia. 

we try to relieve the immediate pressure by planning 
industry in rural areas and by discussing new towns. 
If additional urban area is provided it will temporarily 
reduce the pressures and defer the need to face the 
underlying population question. The consequence, 
as it will be seen 25 years hence, will have been to con­
tribute to increasing the population so much that 
even today's quality of life will be impossible. 

A second characteristic of social systems is that all of 
them seem to have a few sensitive influence points 
through which the behavior of the system can be 
changed. These influence points are not in the locations 
where most people expect. Furthermore, if one iden­
tifies in a model of a social system a sensitive point 
where influence can be exerted, the chances are still 
that a person guided by intuition and judgment will 
alter the system in the wrong direction. For example 
in the urban system, housing is a sensitive control 
point but, if one wishes to revive the economy of a city 
and make it a better place for low-income as well as 
other people, it appears that the amount of low-income 
housing must be reduced rather than increased. Another 
example is the world-wide problem of rising population 
and the disparity between the standards of living in 
the developed and the underdeveloped countries, 
an issue arising in the world system to be discussed 
in the following paragraphs. But it is beginning to 
appear that a sensitive control point is the rate of gen­
eration of capital investment. 

And how should one change the rate of capital accumu­
lation? The common answer has been to increase 
industrialization, but recent examination suggests that 
hope lies only in reducing the rate of industrialization. 
This may actually help raise quality of life and contrib­
ute to stabilizing population. 

As a third characteristic of social systems, there is 
usually a fundamental conflict between the short-term 
and long-term consequences of a policy change. A 
policy which produces improvement in the short run, 
within five to ten years, is usually one which degrades 
the system in the long run, beyond ten years. Likewise, 
those policies and programs which produce long-run 
improvement may initially depress the behavior of 
the system. This is especially treacherous. The short 
run is more visible and more compelling. It speaks 
loudly for immediate attention. But a series of actions 
all aimed at short-run improvement can eventually 
burden a system with long-run depressants so severe 
that even heroic short-run measures no longer suffice. 
Many of the problems which we face today are the 
eventual result of short-run measures taken as long 
as two or three decades ago. 

A Global Perspective 
I have mentioned social organizations at the corporate 
level and then touched on work which has been done 
on the dynamics of the city. Now we are beginning 
to examine issues of even broader scope. 

In July, 1970, we held a two-week international con­
ference on world dynamics. It was a meeting organized 
for the Club of Rome, a private group of about 50 
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systems at the world level. Their interest lies in the 
same problems of population, resources, industrializa­
tion, pollution, and world-wide disparities of standard 
of living on which many groups now focus. But the 
Club of Rome is devoted to taking actions that will 
lead to a better understanding of world trends and to 
influencing world leaders and governments. The July 
meeting at M.I.T. included the general theory and be­
havior of complex systems and talks on the behavior 
of specific social systems ranging from corporations 
through commodity markets to biological systems, 
drug addiction in the community, and growth and de­
cline of a city. Especially prepared for this conference 
was a dynamic model of the interactions between 
world population, industrialization, depletion of natural 
resources, agriculture, and pollution. A detailed dis­
cussion of this world system will soon appear in my 
book World Dynamics, and its further development 
is the purpose of the "Project on the Predicament of 
Mankind" being sponsored by the Club of Rome at 
M.I.T. for a year under the guidance of Professor Dennis 
Meadows. The plan is to develop a research group of 
men from many countries who will eventually base 
their continuing efforts in a neutral country such as 
Switzerland. The immediate project will reexamine, 
verify, alter, and extend the preliminary dynamic study 
of the world system and will relate it to the present 
world-wide concern about trends in civilization.• 

The simple model of world interactions as thus far 
developed shows several different alternative futures 
depending on whether population growth is eventually 
suppressed by shortage of natural resources, by pollu­
tion, by crowding and consequent social strife, or by 
insufficient food. Malthus dealt only with the latter, 
but it is possible for civilization to encounter other 
controlling pressures before a food shortage occurs. 

It is certain that resource shortage, pollution, crowding, 
food failure, or some other equally powerful force will 
limit population and industrialization if persuasion and 
psychological factors do not. Exponential growth cannot 
continue forever. Our greatest immediate challenge 
is how we guide the transition from growth to equilib­
rium. There are many possible mechanisms of growth 
suppression. That some one or combination will occur 
is inevitable. Unless we come to µnderstand and to 
choose, the social system by its internal processes 
will choose for us. The natural mechanisms for ter­
minating exponential growth appear to be the least 
desirable. Unless we understand and begin to act soon, 
we may be overwhelmed by a social and economic 
system we have created but can't control. 

Figure 1 * • shows the structure that has been assumed. 
It interrelates the mutual effects of population, capital 
investment, natural resources, pollution, and the fraction 
of capital devoted to agriculture. These five system 
"levels" are shown in the rectangles. Each level is 

*The continuing project was made possible by financial . 
support from the Volkswagen Foundation (Stiftung Volks­
wagenwerk) of West Germany, 
••All figures are taken from the manuscript for World Dynamics 
by Jay_ W. Forrester, Wright-Allen Press, 238 Main Street, 
Cambridge, Mass. 02142, available about February, 1971. 
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Fig_ure _2. Bas~c ~or!d model behavior showing the mode in 
":'h,ch IndustnaltzatIon and population are suppressed by fall­
ing natural resources. 

Figure 3. Pollution crisis precipitated by lower usage rate of 
natural resources. In 1970 natural resource usage is reduced 
75 per cent by more effective technology without affecting ma­
tenal standard of living. 

caused to change by the rates of flow in and out such 
as the birth rate and death rate that increase and' de­
crease population. As shown by the dotted lines the 
five system levels, through intermediate concepts 
shown at the circles, control the rates of flow. As an 
ex~mple, the death rate at Symbol 10 depends on popu­
lation P and the "normal" lifetime as stated by death 
rate normal ORN. But death rate depends also on 
conditions in other parts of the system. From Circle 12 
comes the influence of pollution that here assumes 
death rate to double if pollution becomes 20 times as 
severe as in 1970; and, progressively, that death rate 
would increase by a factor of 1 O if pollution became 
60 times as much as now. Likewise from Circle 13 the 
effect of food per capita is to increase death rate as 
food becomes less available. The detailed definition 
of the model states how each rate of flow is assumed to 
depend on the levels of population, natural resources, 
capital investment, capital devoted to food, and pollu­
tion. 

Individually the assumptions in the model are plausible, 
create little disagreement, and reflect common dis­
cussions and assertions about the individual responses 
within the world system. But each is explicit and can 
be subjected to scrutiny. From one viewpoint, the sys­
tem of Figure 1 is very simplified. It focuses on a few 
major factors and omits most of the substructure of 
world social and economic activity. But from another 
viewpoint, Figure 1 is comprehensive and complex. 
The system is far more complete and the theory de­
scribed by the accompanying computer model is much 
more explicit than the mental models that are now being 
us_ed as a basis for world and governmental planning. 
It incorporates dozens of nonlinear relationships. The 
world system shown here exhibits provocative and 
even frightening possibilities. 

Transition from Growth to Equilibrium 
With the model specified, a computer can be used to 
show how the system, as described for each of its parts, 
would behave. Given a set of beginning conditions, 
the computer can calculate and plot the results that 
unfold through time. 

The world today seems to be entering a condition in 
which pressures are rising simultaneously from every 
one of the influences that can suppress growth-de­
pleted resources, pollution, crowding, and insufficient 

individuals drawn from many countries who have joined 
together to attempt a better understanding of social 
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Figure 4. In 1970 the rate of capital accumulation is increased 
20 per cent in an effort to reverse the beginning decline in 
quality of life. The pollution crisis occurs before natural re­
sources are depleted. 

food. It is still unclear which will dominate if mankind 
continues along the present path. Figure 2 shows the 
mode of behavior of this world system given the as­
sumption that population reaches a peak and then 
declines because industrialization is suppressed by 
falling natural resources. The model system starts with 
estimates of conditions in 1900. Adjustments have 
.been made so that the generated paths pass through 
the conditions of 1970. 

In Figure 2 the quality of life peaks in the 1950's and 
by 2020 has fallen far enough to halt further rise in 
population. Declining resources and the consequent 
fall in capital investment then exert further pressure to 
gradually reduce world population. 

But we may not be fortunate enough to run gradually 
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Figure 5. In 1970 the 20 per cent increase In capital accumula­
tion of Figure 4 is retained and " normal" birth rate is reduced 
50 per cent. Capital investment continues to grow until the 
pollution crisis develops. After an initial decline, population is 
again pushed up by the rapid rise in quality of life that pre­
cedes the collapse. 

Figure 6. The 20 per cent increase of capital investment from 
Figure 4 and the 75 per cent reduction of natural resource 
usage from Figure 3 are combined. 

out of natural resources. Science and technology may 
very well find ways to use the more plentiful metals 
and atomic energy so that resource depletion does not 
intervene. If so, the way then remains open for some 
other pressure to arise within the system. Figure 3 
shows what happens within this system if the resource 
shortage is foreseen and avoided. Here the only change 
from Figure 2 is in the usage rate of natural resources 
after the year 1970. In Figure 3, resources are used 
after 1970 at a rate 75 per cent less than assumed in 
Figure 2. In other words, the standard of living is 
sustained with a lower drain on the expendable and 
irreplaceable resources. But the picture is even less 
attractive! By not running out of resources, population 
and capital investment are allowed to rise until a 
pollution crisis is created. Pollution then acts directly 
to reduce birth rate, increase death rate, and to depress 

,. 
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food production. Population which, according to this 
simple model, peaks at the year 2030 has fallen to 
one-sixth of the peak population within an interval of 
20 years-a world-wide catastrophe of a magnitude 
never before experienced. Should it occur, one can 
speculate on which sectors of the world population 
will suffer most. It is quite possible that the more indus­
trialized countries (which are the ones which have 
caused such a disaster) would be the least able to 
survive such a disruption to environment and food 
supply. They might be the ones to take the brunt of the 
collapse. 

Figure 3 shows how a technological success (reducing 
our dependence on natural resources) can merely save 
us from one fate only to fall victim to something worse 
(a pollution catastrophe). There is now developing 
throughout the world a strong undercurrent of doubt 
about technology as the savior of mankind. -There is a 
basis for such doubt. Of course, the source of trouble is 
not technology as such but is instead the management 
of the entire technological-human-political-economic­
natural complex. 

Figure 3 is a dramatic example of the general process 
discussed earlier wherein a program aimed at one 
trouble symptom results in creating a new set of 
troubles in some other part of the system. Here the 
success in alleviating a natural resource shortage 
throws the system over into the mode of stopping popu­
lation caused by industrialization which has been freed 
from natural resource restraint. This process of a solu­
tion creating a new problem has defeated many of 
our past governmental programs and will continue to 
do so unless we devote more effort to understanding 
the dynamic behavior of our social systems. 

Alternatives to Decline or Catastrophe 
Suppose in the basic world system of Figures 1 and 2 
we ask how to sustain the quality of life which is be­
ginning to decline after 1950. One way to attempt this, 
and it is the way the world is now choosing, might be 
to increase the rate of industrialization by raising the 
rate of capital investment. Models of the kind we are 
here using make such hypothetical questions answer­
able in a few minutes and at negligible cost. Figure 4 
shows what happens if the "normal" rate of capital 
accumulation is increased by 20 per cent in 1970. 
The pollution crisis reappears. This time the cause is 
not the more efficient use of natural resources but 
the upsurge of industrialization which overtaxes the 
environment before resource depletion has a chance 
to depress industrialization. Again, an "obvious" 
desirable change in policy has caused troubles worse 
than the ones that were originally being corrected. 

This is important, not only for its own message but be­
cause it demonstrates how an apparently desirable 
change in a social system can have unexpected and 
even disastrous results. 

Figure 4 should make us cautious about rushing into 
programs on the basis of short-term humanitarian 
impulses. The eventual result can be anti-humanitarian. 
Emotionally inspired efforts often fall into one of three 
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Figure 7. Increased capital investment rate and reduced na­
tural resource usage from Figure 6 are rerained. In addition in 
1970 the "normal" rate of pollution generation is reduced 50 
per cent. The effect of pollution control is to allow population 
to grow 25 per cent further and to delay the pollution crisis by 
20 years. 

Figure 8. One set of conditions that establishes a world equi­
librium.· In 1970 capital investment rate is reduced 40 per cent, 
birth rate is reduced 50 per cent, pollution generation is re­
duced 50 per cent, natural resource usage rate is reduced 75 
per cent, and food production is reduced 20 per cent. 

traps set for us by the nature of social systems: The 
programs are apt to address symptoms rather than 
causes and attempt to operate through points in the 
system that have little leverage for change; the charac­
teristic of systems whereby a policy change has the 
opposite effect in the short run from the effect in the 
long run can eventually cause deepening difficulties 
after a sequence of short-term actions; and the effect 
of a program can be E3long an entirely different direction 
than was originally expected, so that suppressing 
one symptom only causes trouble to burst forth at 
another point. 

Figure 5 retains the 20 per cent additional capital in­
vestment rate after 1970 from Figure 4 but in addition 
explores birth reduction as a way of avoiding crisis. 
Here the "normal" birth rate has been cut in half in 
1970. (Changes in normal rates refer to coefficients 
which have the specified effect if all other things remain 
the same. But other things in the system change and 
also exert their effect on the actual system rates.) The 
result shows interesting behavior. Quality of life surges 
upward for 30 years for the reasons that are custom­
arily asserted. Food-per-capita grows, material stan­
dard of living rises, and crowding does not become as 
great. But the more affluent world population continues 
to use natural resources and to accumulate capital 
plant at about the same rate as in Figure 4. Load on the 
environment is more closely related to industrialization 
than to population and the pollution crisis occurs at 
about the same point in time as in Figure 4. 

Figure 5 shows that the 50 per cent reduction in "nor­
mal" birth rate in 1970 was sufficient to start a decline 
in total population. But the rising quality of life and the 
reduction of pressures act to start the population curve 
upward again. This is especially evident in other com­
puter runs where the reduction in "normal" birth rate 
is not so drastic. Serious questions are raised by this 
investigation about the effectiveness of birth control 
as a means of controlling population. The secondary 
consequence of starting a birth control program will 
be to increase the influences that raise birth rate and 
reduce the apparent pressures that require population 
control. A birth control program which would be effec­
tive, all other things being equal, may largely fail be­
cause other things will not remain equal. Its very 
incipient success can set in motion forces to defeat 
the program. 
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Figure 6 combines the reduced resource ~sage rate and 
the increased capital investment rate of Figures 3 and 
4. The result is to make the population collapse occu_r 
slightly sooner and more severely. Based on_ the modi­
fied system of Figure 6, Figure 7 then examines t~e re­
sult if technology finds ways to reduce the pollution 
generated by a given degree of indus~rializati_on. Here 
in Figure 7, the pollution rate, other things being the 
same, is reduced by 50 per cent from that in Figure 6. 
The result is to postpone the day of reckoning by 
20 years and to allow the world population to grow 
25 per cent greater before the population collapse 
occurs. The "solution" of reduced pollution has, in 
effect, caused more people to suffer the eventual 
consequences. Again we see the dangers of partial 
solutions. Actions at one point in a system that attempt 
to relieve one kind of distress produce an unexpected 
result in some other part of the system. If the interac­
tions are not sufficiently understood, the consequences 
can be as bad as or worse than those that led to the 
initial action. 

There are no utopias in our social systems. There 
appear to be no sustainable modes of behavior that 
are free of pressures and stresses. But there are many 
possible modes and some are more desirable than 
others. Usually, the more attractive kinds of behavior 
in our social systems seem to be possible only if we 
have a good understanding of the system dynamics and 
are willing to endure the self-discipline and pressures 
that must accompany the desirable mode. The world 
system of Figure 1 can exhibit modes that are more 
hopeful than the crises of Figures 2 through 7. But to 
develop the more promising modes will require restraint 
and dedication to a long-range future that man may 
not be capable of sustaining. 

Figure 8 shows the world system if several policy 
changes are adopted together in the year 1970. Popula­
tion is stabilized. Quality of life rises about 50 per cent. 
Pollution remains at about the 1970 level. Would such 
a world be accepted? It implies an end to population 
and economic growth. 

In Figure 8 the normal rate of capital accumulation is 
reduced 40 per cent from its previous value. The 
"normal" birth rate is reduced 50 per cent from its 
earlier value. The "normal " pollution generation is 
reduced 50 per cent from the value before 1970. The 
"normal" rate of food production is reduced 20 per 
cent from its previous value. (These changes in 
"normal" values are the changes for a specific set 
of system conditions. Actual system rates continue to 
be affected by the varying conditions of the system.) 
But reduction in investment rate and reduction in 
agricultural emphasis are counterintuitive and not 
likely to be discovered or accepted without extensive 
system studies and years of argument-perhaps more 
years than are available. The changes in pollution 
generation and natural resource usage may be easier 
to understand and to achieve. The severe reduction 
in world-wide birth rate is the most doubtful. Even if 
technical and biological methods existed, the improved 
condition of the world might remove the incentive for 
sustaining the birth reduction emphasis and discipline. 
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Future Polley Issues 
The dynamics of world behavior bear directly on the 
future of the United States. American urbanization and 
industrialization are a major part of the world scene. 
The United States is setting a pattern that other parts 
of the world are trying to follow. That pattern is not 
sustainable. Our foreign policy and our overseas com­
mercial activity seem to be running contrary to over­
whelming forces that are developing In the world 
system. The following issues are raised by the prelimi­
nary investigations to date. They must, of course, be 
examined more deeply and confirmed by more thorough 
research into the assumptions about structure and 
detail of the world system. 

◊ Industrialization may be a more fundamentally dis­
turbing force in world ecology than is population. In 
fact, the population explosion is perhaps best viewed 
as a result of technology and industrialization. I include 
medicine and public health as a part of Industrialization. 

◊ Within the next century, man may be facing choices 
from a four-pronged dilemma-suppression of modern 
industrial society by a natural resource shortage, 
collapse of world population from changes wrought 
by pollution, population limitation by food shortage, or 
population control by war, disease, and social stresses 
caused by physical and psychological crowding. 

◊ We may now be living in a " golden age" where, in 
spite of the world-wide feeling of malaise, the quality 
of life is, on the average, higher than ever before in 
history and higher now than the future offers. 

◊ Efforts for direct population control may be inherently 
self-defeating. If population control begins to result 
as hoped in higher per capita food supply and material 
standard of living, these very improvements can gen­
erate forces to trigger a resurgence of population 
growth. 

◊ The high standard of living of modern industrial so­
cieties seems to result from a production of food and 
material goods that has been able to outrun the rising 
population. But, as agriculture reaches a space limit, 
as industrialization reaches a natural-resource limit, 
and as both reach a pollution limit, population tends to 
catch up. Population then grows until the "quality of 
life" falls far enough to generate sufficiently large 
pressures to stabilize population. 

◊ There may be no realistic hope for the present under­
developed countries reaching the standard of living 
demonstrated by the present industrialized nations. 
The pollution and natural resource load placed on the 
world environmental system by each person in an 
advanced country is probably 10 to 20 times greater 
than the load now generated by a person in an under­
developed country. With four times as much population 
in underdeveloped countries as in the present devel­
oped countries, their rising to the economic level of 
the United States could mean an increase of 10 times 
in the natural resource and pollution load on the world 
environment. Noting the destruction that has already 
occurred on land, in the air, and especially in the 

oceans, no capability appears to exist for handling such 
a rise in standard of living for the present total popula­
tion of the world. 

◊ A society with a high level of industrialization may be 
nonsustainable. It may be self-extinguishing if it ex­
hausts the natural resources on which it depends. Or, 
if unending substitution for declining natural resources 
is possible, the international strife over "pollution and 
environmental rights" may pull the average world-wide 
standard of living back to the level of a century ago. 

◊ From the long view of a hundred years hence, the 
present efforts of underdeveloped countries to indus­
trialize along Western patterns may be unwise. They 
may now be closer to the ultimate equilibrium with 
the environment than are the industrialized nations. The 
present underdeveloped countries may be in a better 
condition for surviving the forthcoming world-wide 
environmental and economic pressures than are the 
advanced countries. When one of the several forces 
materializes that is strong enough to cause a collapse 
in world population, the advanced countries may suffer 
far more than their share of the decline. 

A New Frontier 
It is now possible to take hypotheses about the separate 
parts of a social system, to combine them in a computer 
model, and to learn the consequences. The hypotheses 
may at first be no more correct than the ones we are 
using in our intuitive thinking. But the process of com­
puter modeling and model testing requires these 
hypotheses to be stated more explicitly. The model 
comes out of the hazy realm of the mental model into 
an unambiguous model or statement to which all have 
access. Assumptions can then be checked against all 
available information and can be rapidly improved. 
The great uncertainty with mental models is the in­
ability to anticipate the consequences of il"!teractions 
between the parts of a system. This uncertainty is • 
totally eliminated in computer models. Given a stated 
set of assumptions, the computer traces the resulting 
consequences without doubt or error. This is a power­
ful procedure for clarifying issues. It is not easy. Results 
will not be immediate. 

We are on the threshold of a great new era in human 
pioneering. In the past there have been periods charac­
terized by geographical exploration. Other periods 
have dealt with the formation of national governments. 
At other times the focus was on the creation of great 
literature. Most recently we have been through the 
pioneering frontier of science and technology. But 
science and technology are now a routine part of our 
life. Science is no longer a frontier. The process of 
scientific discovery is orderly and organized. 

I suggest that the next frontier for human endeavor is to 
pioneer a better understanding of the nature of our so­
cial systems. The means are visible. The task will be no 
easier than the development of science and technology. 
For the next 30 years we can expect rapid advance 
in understanding the complex dynamics of our social 
systems. To do so will require research, the develop­
ment of teaching methods and materials, and the ere-

ation of appropriate educational programs. The re­
search results of today will in one or two decades find 
their way into the secondary schools just as concepts 
of basic physics moved from research to general educa­
tion over the past three decades. 

What we do today .fundamentally affects our future 
two or three decades hence. If we follow intuition, the 
trends of the past will continue into deepening diffi­
culty. If we set up research and educational programs, 
which are now possible but which have not yet been 
developed, we can expect a far sounder basis for action. 

The Nation's Real Alternatives 
The record to date implies that our people accept the 
future growth of United States population as preor­
dained, beyond the purview and influence of legislative 
control, and as a ground rule which determines the 
nation's task as finding cities in which the future popula­
tion can live. But I have been describing the circular 
processes of our social systems in which there is no 
unidirectional cause and effect but instead a ring of 
actions and consequences that close back on them­
selves. One could say, incompletely, that the population 
will grow and that cities, space, and food must be pro­
vided. But one can likewise say, also incompletely, that 
the provision of cities, space, and food will cause the 
population to grow. Population generates pressure for 
urban growth, but urban pressures help to limit popula­
tion. 

Population grows until stresses rise far enough, which 
is to say that the quality of life falls far enough, to stop 
further increase. Everything we do to reduce those pres­
sures causes the population to rise farther and faster 
and hastens the day when expediencies will no longer 
suffice. The United States is in the position of a wild 
animal running from its pursuers. We still have some 
space, natural resources, and agricultural land left. We 
can avoid the question of rising population as long as we 
can flee into this bountiful reservoir that nature pro­
vided. But it is obvious that the reservoirs are limited. 
The wild animal usually flees until he is cornered, until 
he has no more space. Then he turns to fight, but he no 
longer has room to maneuver. He is less able to forestall 
disaster than if he had fought in the open while there 
was still room to yield and to dodge. The United States 
is running away from its long-term threats by trying to 
relieve social pressures as they arise. But if we persist 
in treating only the symptoms and not the causes, the 
result will be to increase the magnitude of the ultimate 
threat and reduce our capability to respond when we no 
longer have space to flee. 

What does this mean? Instead of automatically accept­
ing the need for new towns and the desirability of locat­
ing industry in rural areas, we should consider confining 
our cities. If it were possible to prohibit the encroach­
ment by housing and industry onto even a single addi­
tional acre of farm and forest, the resulting social pres­
sures would hasten the day when we stabilize popula­
tion. Some European countries are closer to realizing 
the necessity of curtailing urban growth than are we. 
As I understand it, farm land surrounding Copenhagen 
cannot be used for either residence or industry until 
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the severest of pressures forces the government to re­
zone small additional parcels. When land is rezoned, 
the corresponding rise in land price is heavily taxed to 
remove the incentive for land speculation. The waiting 
time for an empty apartment in Copenhagen may be 
years. Such pressures certainly cause the Danes to face 
the population problem more squarely than do we. 

Our greatest challenge now is how to handle the transi­
tion from growth into equilibrium. Our society has be­
hind it a thousand years of tradition that has encouraged 
and rewarded growth. The folklore and the success 
stories praise growth and expansion. But that is not the 
path of the future. Many of the present stresses in our 
society are from the pressures that always accompany 
the conversion from growth into equilibrium. 

In our studies of social systems, we have made a num­
ber of investigations of life cycles that start with growth 
and merge into equilibrium. There are always severe 
stresses in the transition. Pressures must rise far 
enough to suppress the forces that produced growth. 
Not only do we face the pressure that will stop the popu­
lation growth; we also encounter pressures that will stop 
the rise of industrialization and standard of living. The 
social stresses will rise. The economic forces will be 
ones for which we have no precedent. The psychologi­
cal forces will be beyond those for which we are pre­
pared. Our studies of urban systems demonstrated how 
the pressures from shortage of land and rising unem­
ployment accompany the usual transition from urban 
growth to equilibrium. But the pressures we have seen 
in our cities are minor compared to those which the na­
tion is approaching. The population pressures and the 
economic forces in a city that was reaching equilibrium 
have in the past been able to escape to new land areas. 

But that escape is becoming less possible. Until now 
we have had, in effect, an inexhaustible supply of farm 
land and food-growing potential. But now we are reach­
ing the critical point where, all at the same time, popu­
lation is overrunning productive land, agricultural land 
is almost fully employed for the first time, the rise in 
population is putting more demand on the food supplies, 
and urbanization is pushing agriculture out of the fertile 
areas into the marginal lands. For the first time demand 
is rising into a condition where supply will begin to fall 
while need increases. The crossover from plenty to 
shortage can occur abruptly. 

The fiscal and monetary system of the country is a com­
plex social-economic-financial system of the kind we 
have been discussing. It is clear the country is not 
agreed on behavior of the interactions between govern­
ment policy, growth, unemployment, and inflation. An 
article by a writer for Finance magazine in July, 1970, . 
suggests that the approach I have been discussing be 
applied in fiscal and monetary policy and their relation­
ships to the economy. I estimate that such a task would 
be only a few times more difficult than was the investi­
gation of urban growth and stagnation. The need to 
accomplish it becomes more urgent as the economy 
begins to move for the first time from a history of growth 
into the turbulent pressures that will .accompany the 
transition from growth to one of the many possible kinds 
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of equilibrium. We need to choose the kind of equilib­
rium before we arrive. 

In a hierarchy of systems, there is usually a conflict be­
tween the goals of a subsystem and the welfare of the 
broader system. We see this in the urban system. The 
goal of the city is to expand and to raise its quality of 
life. But this increases population, industrialization, pol­
lution, and demands on food supply. The broader social 
system of the country and the world requires that the 
goals of the urban areas be curtailed and that the 
pressures of such curtailment become high enough to 
keep the urban areas and population within the bounds 
that are satisfactory to the larger system of which the 
city is a part. If this nation chooses to continue to work 
for some of the traditional urban goals, and if it suc­
ceeds, as it may well do, the result will be to deepen the 
distress of the country as a whole and eventually to 
deepen the crisis in the cities themselves. We may be 
at the point where higher pressures in the present are 
necessary if insurmountable pressures are to be avoided 
in the future. 

I have tried to give you a glimpse of the nature of multi­
loop feedback systems, a class to which our social sys­
tems belong. I have attempted to indicate how these 
systems mislead us because our intuition and judgment 
have been formed to expect behavior different from that 
actually possessed by such systems. I bel ieve that we 
are still pursuing national programs that will be at least 
as frustrating and futile as many of the past. But there 
is hope. We can now begin to understand the dynamic 
bet,avior of our social systems. Progress will be slow. 
There are many cross-currents in the social sciences 
which will cause confusion and delay. The approach 
that I have been describing is very different from the 
emphasis on data gathering and statistical analysis 
that occupies much of the time of social research. But 
there have been breakthroughs in several areas. If we 
proceed expeditiously but thoughtfully, there is a basis 
for optimism. 
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Systen1s analysis as a tool 
for urban planning 

With the use of a computer model to simulate the growth, 
decline, and stagnation of a city, we can see how system structures 
and policies interact to create the urban ills surrounding us 

Jay W. Forrester Massachusetts Institute of Technology 

Ways for analyzing social systems result in new poli• 
cies for improving the behavior of systems in which 
we live. Such policies can change urban slums into 
areas des igned for self-renewal. Already, studies into 
the relationships between monetary policy, interest 
rates, and foreign exchange have thrown new light on 
the processes of corporate growth, prQduct stagnation, 
and Joss of market share, and on the growth and de• 
cline of cities. At one time the engineer's task was 
simply to balance financial cost against the economic 
performance of his technology. Now, psychological 
stress, ugliness, and crowding have become part of 
the cost. Engineers who fail to realize this broadened 
role will be vil ified by a society that views them as in• 
sensitive to the needs of the times. 

Most of the .traditional steps taken to alleviate the con­
ditions of our cities may ac tually be making matters worse. 
This is one of the conclusions of my book, Urban Dy-
11amics,' which shows the city as an interacting system 
of industry, housing, and people. By presenting a com­
puter model that interrelates these components of the city, 
the book shows how interacting processes produce urban 
growth, then cause growth to give way to stagnation. Job 
training programs, job creation by bussing to suburban 
industries or by the government as an employer of last 
resort , financial subsidies to the city, and low-cost-housing 
programs-these presently popular proposals are tested 
and shown to lie between neutral and detrimental in their 
effect on a depres~ed urban area . 

The evolution of an urban area from growth into stag-

nation creates a condition of excess housing compared 
with the population and the availability of income-earning 
opportunities. Reducing the inherent excess housing of 
depressed areas and converting part of the land to in­
dustrial use appear necessary to reestablish a healthy 
economic balance and a continuous process of urban .re­
newal. Such actions can produce a large enough wage and 
salary stream from the outside economy to make the area 
self-sustaining. 

T ~ese results are controversial but, if right, they mean 
that many policies for remedying urban troubles may be 
turning growth into decline. Although I present here 
some results from the book, my principal emphasis is on 
the importance of systems analysis as a bridge between 
engineering and the social sciences . 

Industrial dynamics 
Over a decade ago at M.I.T. we began to examine the 

dynamic characteristics of managerial systems. The field 
known as i11d11strial dynamics resulted.' Industrial dy­
namics belongs to the same general subject area as feed­
back systems, servomechanisms theory, and cybernetics. 
[ndustria l dynamics is the study of how the feedback loop 
structure of a system produces the dynamic behavior of 
that system. In managerial terms industrial dynamics 
makes possible the structuring of the components and 
policies of a system to show how the re ·ulting dynamic 
behavior is produced . In tams of social systems it deals 

The first IEEE publication of this urtide was in IEEE 'TRANS• 
ACTIONS ON SYSTEMS SCIENCE AND CYUERNb,ICS, \ 'Ol. SSC-6, pp, 
258-265, October 1970. The artide app,:ars here with the con­
sent of the author and the TRANSACTIONS. 
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with the forces that arise within a system to cause changes 
through time. 

A design study of a social system seeks changes in 
structure and policies that will improve the behavior of 
the system. Some people recoil at the thought of designing 
social systems. They feel that designing a society is 
immoral. But we have no choice about living in a system 
that has been designed. The laws, tax policies, and tradi­
tions of a society constitute the design of a social system. 
Our only available choice is between different designs. If 
we lament the functioning of our cities or the persistence 
of inflation or the changes in our environment, we mean 
that we prefer a social system of a different design. 

The six steps in the design process are: (1) observe 
the behavior modes of a system to identify the symptoms 
of trouble; ( 2) search for the feedback structures that 
might produce the observed behavior ; ( 3) identify the 
level and rate variables making up that structure and ex­
plicitly describe them in the equations of a computer 
simulation model; ( 4) using the computer model, simulate 
in the laboratory the dynamic behavior implicit in the 
identified structure ; ( 5) modify the structure until com­
ponents and the resulting behavior agree with the observed 
conditions in the actual system; ( 6) introduce modified 
policies into the simulation model to find usable and 
acceptable policies that give improved behavior. 

Surprising di~coveries come from this combination of 
theory and laboratory experimentation : relatively simple 
~t ructures produce much of the complex behavior of real­
life ~y~tcms, and people\ ,k ill ~ in perception appear very 
different from tho\e commonly , uppo,ed. It is often 
a, ,ertcd in the ,ocial ~cicncc, that people arc un re liable 
in analyzi ng their own ac tion~, ye t we find time and again 
that the policie~ and practice, tha t people know they arc 
following arc the one~ that interact to prod uce the mo~, 
trouble,omc con,cqucncc,. Conver,c ly the va unted power~ 
of judgment and intuition u,ually deceive the pcrw n who 
tric , to j!Ue\\ the t11rn.:-v:i ryi11g comcquencc, tha t fo ll ow 
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FIGURE l, In this simplified urban system, nine levels 
are grouped into three subsystems. Across the top the 
industrial sector contains commercial buildings in three 
categories distinguished primarily by age. Across the 
center are residential buildings in three categories, also 
distinguished by age and condition. Across the bottom 
are three economic categories of population. Because of 
their complexity, the information linkages connecting 
the systems levels to the system rates are not shown. In 
this figure, the levels (rectangles) and rates (valves), 
along with the information linkages, represent the system 
components within the dynamic boundary. The "cloud" 
symbols are the sources or destinations of flows going 
from or to the outside environment. The flows from or to 
the outside are controlled only by conditions within the 
system. 

even from a completely known system structure . We find 
that the modes of behavior that are most conspicuous in 
managerial, urban, and economic systems are produced 
by nonlinearities within those systems. The linearized 
model s that have been used in much of engineering and 
the social sciences cannot even approximate the im­
portant modes of manifestations of nonlinear interactions. 
Includ ing the so-called intangible factors relat ing to psy­
chological variables, attitudes, and human reactions b 
relativel y straightforward . Again, if the influences can be 
discussed and descri bed. they can be inserted in the 
policy ~t ructure of a model. Any pcr,on who discu,scs 
why people.: act the way they do. llr explains a past 
dcci, ion. or an tic ipa tes a fu tun: act inn is relat ing the 
, urround in g cin:umstancc, to the corre~ ptinJi ng human 
rc.:,p1lt1'e . An y , uch di,nt"iun i, a dl·,niption of decision­
mak in g plllicy. i\111· , uc'l1 JH>lic~ ,ta tcmcnt l0 al1 hl· put in to 
a ,ystem 1110,kl. 

Urban systems 

•\ h11dy ,,f dy 11 a1111 ,: 1hc.:nry and prinri pk, nf ,trur tur,· 
1, e111 n ).'i 11 µ that :ill ,"' ' lh to Pr)!a ni 11· .111d u11,krst:1t1d 
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FIGURE 2. Information l i nks 
to the underemployed -a r • 
rival rate. Five components 
of attractiveness arc shown 
here. In the upper right 
corner UJM (underem­
ployed / job multiplier) re• 
lates the population to avail• 
able jobs and represents 
the income earning attrac­
tiveness of the area. The 
circle UAMM generates the 
attractiveness created by 
upward economic mobility. 
In other words, an area with 
high upward economic mo• 
bility is more attractive than 
one offering no hope of ad• 
vancement. The circle UHM 
relates the underemployed 
population to the available 
housing. The area becomes 
more attractive as housing 
becomes more available. 
UHPM represents the at­
tractiveness of a low-cost• 
housing program, if such 
exists. In the lower right 
corner PEM is the influence 
on attractiveness of the pub­
lic expenditure per capita. 
As per-capita expenditure 
rises, it means better public 
services, better schools, 
and higher welfare budgets. 

complex system s. 3 For example, the feedback loop becomes 
the basic building block of systems. Within the feedback 
loop there are two, and only two, kinds of variables. One 
is the level variable produced by integration; the o\her- is 
the policy statement or rate -variable that governs the 
changes in a system. The level variables are changed only 
by the rates of flow. The rate variables depend only on the 
levels. Any path through a system network encounters 
alternating level and rate variables. These and many other 
principles of structure are universal in the entire sweep of 
systems that change through time. Furthermore, the struc­
ture of a system determines its possible modes of behavior. 
Identical structures recur as one moves between apparently 
dissimilar fields . These identical structures behave in 
identical ways wh~rever they are found . 

The same principles of structure and the same relation­
ships between structure and behavior apply to a simple 
~winging pendulum, a chemical plant, the processes of 
management, internal medicine, economics, power politics, 
and psychiatry. A universal approach to time-varying 
,ystcms that seems capable of dealing with systems of any 
complexity is emerging. Students, as they master the 
principles and practice of dynamic analysis, develop a 
rcmarkahlc mobility between fields of endeavor. The same 
person can clarify the dynamics of how a transistor func­
tion~. organize the processes of a public health epidemic, 
dc,ign new management policies to avoid stagnation in 
product growt h, discover the sensitive factors in ecological 
change, and ~how how government policies afTect the 
growth and decline of a city. 

Fi gu re I ,how~ the central ~tructurc of an urhan area 

The nine rectangles represent the selected level variables. 
The twenty-two valve symbols represent tqe rates of--tlow 
that cause the nine system levels to 9~ange. Engineers 
often refer to these level variables as the state varjables of 
a system. The distinction between level and ate;;.variables 
is also familiar to anyone who examine~sfinancial state-­
ments. Balance sheet variables are always --separated from 
v<1riables on the profit-and-loss statement.:.,-They• are sep­
arate because they are conceptuaHy qw\e different. The 
balance sheet variables are system levels. They are.created 
by accumulating financial flows. The profit-and-loss_ vari­
ables are sy_stem rates. This sharp distinction is found in 
all systems. 

In Fig. I one can begin to detect the reasons for urban 
decline. The age of a building tends to determine the 
character of its occupants. A new commercial building is 
occupied by a healthy. successful commercial organization 
that uses relatively more managers and skilled workers 
than those who are unskilled. As the building ages, it 
tends to house a progressively less successful enterprise 
with lower employment skills. In addition to the changing 
employment mix as the industrial building ages, there is a 
tendency for total employment per unit of floor space to 
decline . On the other hand, as residential buildings age 
there is a tendency for occupancy to increase as well as to 
shift to a lower economic category of population . One 
perceives then a condition where the aging of buildings in 
an urban area simultaneously reduces the opportunities 
for employment and increases the population. The average 
income and standard of living dt:clinc. 

Figure 2 shows the same nine system levels and cne of 
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FIGURE 3. Growth and stagnation. 

FIGURE 4. Changes in housing and employment. 
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FIGURE 5. Decline · of urban area caused by low-cost­
housing construction each year for 2.5 percent of the 
underemployed population of a city. 

the twenty-two flow ra te~. The dotted lines arc the in­
formation linkages from the system levels to control the 
one fl ow rate-here the arrival of underemployed popula­
tion into the urban area. The various levels of the system 
combine to create a composi te alrractiveness, which deter­
mine~ the inflow rate to the area. If the area is more 
attractive than tho,c from wh ich people might come, a 
net inward population flow occu rs. If the area is Jes, 
att ractive , an ou tward fl ow domi nates. 

The concept of attract1 vc nc,, 1, fundamental to the 
population nows. /\II of thc charactcri\ti<.:, of an area 
that makc it attracti ve. thc, c fi ve and many more, combine 
to influence migration . /\n attractive area draw~ people 
But almmt every componcnt of attractivene,, i~ driven 
down by an incrca,e in population. If there i, an exce\\ 
of housing, the area i, attractive but a ri \ing population 
crowds the housing. If there is an excess of jobs the area 
is at tractive but the incoming fl ow of people fills these 
jobs. Jn ot her words, migration continues until the attrac­
tiveness of the area falls and becomes equal to any other 
places people might come from. 

An important idea follows from examining these com­
ponents of attractiveness. In a condition of population 
equilibrium, all areas must be equally attractive to any 
given population class, otherwise net migration would 
occur. If one component of attractiveness is increased in 
an area, other components must necessarily fall to estab­
lish a new equilibrium. Compensating changes in the 
components of attractiveness explain many past failures 
in our cities wherein we attempt to improve one aspect 
of the city only to discover that other aspects have become 
worse. 

In making a laboratory model of a social system one 
sHoUld not attempt straightaway to solve a problem. In­
stead one should generate a model that will create the 
trouble symptoms. Only if one fully understands the 
processes whereby difficulties are created can he hope 
to correct the causes. This means that we want a model 
of an urban area that can start with empty land, grow 
a city, and show the processes whereby economic health 
falters into stagnation and decay. 

As another guide to modeling, one should start, not by 
building a model of a particular situation, but instead by 
modeling the general class of systems under study. This 
may seem surprising, but the general model is simpler 
and initially is more informative than a model of a special 
case. Here we wish to model the general process of urban 
growth and stagnation. It should be a model that, with 
proper changes in parameters, is good for New York, 
Calcutta, a gold rush camp, or West Berlin. These all 
seem to have very different characteristics but they have 
certain elements in common that describe their urban 
processes. There are fewer concepts common to all than 
are to be found in any one. The general model can strip 

away the multitude of detail that confuses any one special 
situation. The general model identifies the central pro­
cesses and is a statement of the theory for the entire class 
of systems. 

Figure 3 shows the behavior of the laboratory model 
of an urban area. It presents the nine system level vari­
ables over 250 years. The first 100 years is a period of 
exponential growth, but then the land area becomes filled. 
growth ceases, and the aging process begins. At year I 00 
near the end of the growth phase the labor population is 
almost double the underemployed population . But by 
year 150, the labor population has fallen and the under­
employed population has risen until these two groups are 
almost equal. Business activity has declined and the area 
has taken on the charactt:ristics of a depressed city. This 
has occurred because of the way that the industry, housing. 
and populations in Fig. I have interacted with each other. 

Figure 4 shows other variables during the same 250 
years. Notice especia lly the underemployed/ job ratio and 
the undercmploycd; hnusing ratio. During most of the 
first I 00 years of growth these two ratios Wl'rt' almost 
rnns tanl. The undcrcmploycd / hnu~ing ratio was hi r,h 

. I 
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FIGURE 6. Rising unemployment and falli ng occupancy. 

(above the center of the figure), meaning that the popula­
tion is large compared with the housing. In other words, 
during the first 100 years there was a housing shortage for 
the underemployed population. On the other hand, the 
underemployed/job ratio was low, meaning that the popu­
lation was below the job opportunities, jobs were readily 
available, economic opportunity was good, and upward 
economic mobility was high. During this early period of 
growth and high economic activity, the underemployed 
population was being effectively adjusted in relation to 
other activity by balancing good economic opportunity 
against a housing shortage. 

But between 90 and 140 years, notice the sharp re­
versal of the curves for underemployed / job ratio and 
underemployed / housing ratio. Within this fifty-year span, 
the underemployed have increased while available jobs 
decreased; the result is a precipitous rise in unemployment. 
But in this same period , the housing that is aging and 
becoming available to the underemployed is rising even 
more rapidly than the underemployed population. Jobs 
have become scarce while housing has become surplus. 
The mo<lel i~ behaving the way our cities do. 

Man y people do not seem to realize that the depressed 
area, of ou r citic, arc area~ of excess housing. The 
cconom) of the area i, not able to maintain all of the 
,I\ ailahlc hou, ing. llecau , c of low 1n com<.: ,. people crowd 
into ,omc dwe lling unit, whi le other buildi ngs arc 
aband c,ncd. ~tand idle, and d<.:cay . 

Reca ll the earlier comment, about compensating move-

menh in the compw1c111 , of attract1vcnc,,. I !ere. a, hou,­
ing bccpmc, more available. joh, hccomc more ,carce. ·1 he 
~ta g11ating urban area ha, become a ,ocial trap. Excess 
hou ,i ng bcckom people and ca us<.:, inward migration until 
the rising population drive, down the , tandard of living 
far enough to ~top the population inflow. Anything that 
tends to rai~e the ~tandard uf living i~ defeated by a ri ,e 
of population into the empty housing. 

Figure 5 shows fifty years beginning with the con­
ditions found at the end of Fig. 3. At time zero, a low­
cost-housing program is introduced which each year builds 
\ow-cost housing for two and one half percent of the 
underempl oyed population . Observe what happens. Under­
employed housing, which is being actively constructed , 
rises forty-five percent, but premium housing falls thirty­
five percent, and worker housing falls thirty percent. New 
enterprise declines fifty percent and mature business 
declines forty-five percent, all in the fifty-year perio<l . 
Economic conditions become sufficiently worse so that 
even the underemployed population, although it rises 
initially, eventually falls to slightly less than its beginning 
value. These changes are a result of the low-cost housing 
program. 

In Fig. 6, the corresponding underemployed / job ratio 
has risen thirty percent, indicating substantially higher 
unemployment, while the underemployed / housing ratio has 
fallen thirty percent, indicating a still higher excess of 
housing. Again, the two components of attractiveness 
compensate for one another with better housing and a 
falling standard of living. In the long run , the low-cost­
housing program has not served the interests of the low­
income residents. Instead, it has intensified the social 
trapping characteristic of the area. Over the period, the 
tax levies rise thirty-five percent. The area has become 
worse from almost all viewpoints. 

In this same manner job training programs, job crea­
tion programs, and financial subsidies were examined. 
All lie between ineffective and harmful. The low-cost­
housing program was the most powerful in depressing the 
condition of a stagnant urban area. 

The depressed areas of our cities seem to be charac­
terized by excess housing compared with jobs and by 
excessive concentration of low-income · population. These 
conditions, created by aging industrial and dwelling build­
ings, interact to drive out the upper-income pop_ulation 
and business activity, and to reduce the tax base. Once 
the decline starts, it tends to accelerate . Unless one can 
devi se urban management policies that produce con­
tinuous renewal. difficulties are inherent. 

Figure 7 shows an urban condition that begins with 
stagnation and then changes toward revival. Here five 
percent of the slum housing is removed each year and the 
incentives for new enterprise construction are increased 
somewhat. The result is a cascading of mutual interactions 
that raise the economic activity of the area, increase 
upward economic mobility for the underemployed popula­
tion, and shift the population internally from the under­
employed to the labor class. This is done without driving 
the existing low-income population out of the area. Under­
employed housing is reduced. Initially this reduction comes 
largely from the empty housing. The resulting housing 
shortage restrains the population inflow that would 
otherwise defeat the revival of the area. 

Figure 8 shows the same fifty-year span as in the 
preceding figure . Here again, employment and housing 
move in opposite directions. The undercmployt:d / job 
ratio fall s, which means more jobs and lower unemploy-
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FIGURE 8. Falling unemployment and rise in housing 
occupancy for the same 50 years of Fig. 7. 

ment. On the other hand, the underemployed/housing 
ratio,rises, which means a tighter housing situation. If the 
economic circumstances are to be improved, we must 
accept 5G1Pe compensating change in other components 
of attractiveness. Here it is the increased tightness of 
housing that allows job opportunities to increase faster 
than population until a good economic balance is reached. 
I stress economic revival as the first stage of rebuilding a 
depressed area because it appears that an economic base 
must precede social and cultural development. 

It is simply not possible to increase all of the attractive­
ness components of an area simultaneously. Attractiveness 
is here defined in a very broad sense. For example, legal 
restrictions like an immigration barrier into a country can 
produce enough "unattractiveness" to inward migration so 
that components might be maintained at a high level. But 
whorever one component of attractiveness is high others 
will be found low. Engineers, especially, should consider 
the compensating changes that will occur in the attrac­
tiveness components of an area because engineers tend to 
deal with economic considerations and technology. Eco­
nomic and technical factors are more concrete than the 
intangible ·quality of life variables. The economic and 
technical aspects of a city are the ones we most easily 
see how to improve. Our technological society tends, 
therefore, to observe, react to, and improve the economic 
and technical aspects of a city. Such improvements in­
crease the technical and economic components of urban 
attractiveness. But as a result, population density rises 
until the urban area once again reaches attractiveness 
equilibrium with its environment. The burden of forced 
reduction in other components of attractiveness falls on 
the quality of life variables-<:rowding, pollution, and 
psychological stress. These less tangible variables have 
been weak and hard to measure, and have been defenseless 
against the persuasiveness and the certainty of improve­
ment shown by the technical and economic considerations. 
But we are entering a time when a reversal will occur be­
tween the formerly weak and strong variables. For a sub­
stantial fraction of our population, the standard of living is 
already high enough so that more gain in the economic 
and technical areas will come at too high a price in the 
quality-of-life components of our environment. The engi­
neer, if he continues to ~crve ~ocicty, must balance a 
greater number of social need~ against one another. At 
one time hi\ ta~k was simply to balance financial co~t 

against economic performance of his technology. Now the 
product and also the medium of payment are both ex­
panding. Social value and quality of life become part of 
the product. Psychological stress, ugliness, and crowding 
become part of the cost. Engineers who fail to recognize 
this broadened role will be vi lified and castigated by a 
society that perceives them as narrow and insensitive to 
the demands of the times. 

When a system misbehaves, we should ask ourselves 
what policies within that system cause the undesirable 
characteristics. If we examine the laws under which a 
city operates, we see a structure of regulations that could 
hardly be designed better to create stagnation and de­
cline. The aging and decay of buildings is central to the 
urban decline process, yet we see throughout our tax laws 
and regulations numerous incentives to keep old buildings 
in place. As the value of a building decreases, so do the 
assessed taxes. The reduced expense makes it possible to 
retain the old building longer. Under some circumstances 
the value of a building can be depreciated several times for 
income tax purposes. This produces incentives to keep 
an old building in place. This is not the place for detail, 
but it seems clear that a different set of tax laws and city 
regulations could be devised to produce the individual 
incentives necessary for continuous renewal. As an ex­
ample, I recently saw a suggestion that each building have 
a mandatory trust fund into which the owner must pay a 
levy each year. At any time, whoever owns the building 
can draw out the money if he demolishes the building and 
clears the land. This, you see, would create an earlier 
incentive for replacement. Property tax levies and income 
tax accounting could both be changed to produce pres­
sures in the same direction . 

These studies of managerial, urban, and other social 
systems have uncovered complex systems characteristics 
that serve to identify potential detrimental modes of be­
havior. First, complex systems are counterintuitive. They 
behave in ways that are opposite to what most people 
expect. They arc counterintuitive because our experience 
and intuition have been developed almost entirely from 
contact with simple systems. But in many ways, simple 
systems behave exactly the opposite from complex systems. 
Therefore, our experience misleads us into drawing the 
wrong conclusions about complex social systems. 

Second, complex systems are strongly resistant to most 
policy changes. A new policy tends to warp the system so 
that slightly changed levels ,iresent new information to the 
policy points in the system. The new information, as 
processed through the new policies, tends to give the old 
results. There are inherent reasons within complex sys­
tems why so many of our attempts at correcting a city, a 
company, or an economy are destined to fail. 

But third, the converse is also true. There are points in 
systems from which favorable influence will radiate. Often 
these points are difficult to perceive, and the required 
action is the opposite of what is expected. But when these 
points arc found, they tend to radiate new information 
streams in such a way that the new circumstances. when 
processed through the ol<l attitudes and policies. produce 
a new result. 

Fourth . complex systems tend lo counteract most active 
programs aimed at allcv ia ring sy111p1<1ms. F,ir example, 
Chapter 4 in U r/,1111 D _1·1111111ics , h,n,·, how a joh training 
program can inrrea,e the numlx-r of un,kr,·m pl,,yt·d in 
a cit y. When outsi,k aL"liPn rric, to alta the conditi,111 nf a 
,y, rcm . lhc ,y,1c111 1t·la,c, it~ own internal pn,..:,·,ses aimed 
al lh t· , amc rt·, ult and 1111,,11 , the hurdt·n t'l't'r morc ,,1110 

·1 
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th,· ,•111 , I,k f,,,,r 1h.1l ,, ,1I1 r 111111111 r '" 111nd11u: a C.: lln n 

lH'll Th.- I111 c111.1l nn·d t,,, a,· tI <' 11 ,, ,cduc.:cd and the 

,· ,t,·111.ll ,upplt,1 ,, t aclH•ll llll"I ""' k cvc.:r h:11dcr 
!'11th . 111 ,,rn,pk , , , , trl\1' Ihc , h,,11 -tl'rllt ,c, pon, c lo 

a pol K ) , h.111i;t· ,, apl '" b, in the <'l'l'"' itc d1rcctin11 from 
till' l,mi: 1,·1111 elk ·t I hi, " c, pc,1 .tlly trcachcrnu, . /\ 

1
,,,li,, ,·h.111g.,· that i111p1,nc, matte,, in the , la,rt run lay, 
a f,,u11da lin11 f,,r dcg.radati,111 111 the loni; run . The , horl 
tenure .,r men in pnlitic.::tl pflicc favor, dcci,1on, that 
pn,du,·c r,·,u li , quickly. Thr,c arc often th..: very action, 
that C\ rntu,llly dri, c the ,y, tem to e\'l'r-wor,ening per­
f,1rm:111 cc . Sh,,rt-run vcrsm long-run rever,al processes 
arc all around u~. If an agricultural country is to in­
du,triali1e. it must accumulate railroads. factories. and 
steel mills. Th i, capital accumulation can only be done 
by foregoing consumption and reducing the standard of 
living first in order that the standard of living may ri se at 
a la~cr time . If a company faces declining earnings be­
cau,e its product, nre obsolete. it must invest more 
hea,·ily in product research and incur even deeper shor t­
term lo,,es if it is to recover in the more distant future 
to a profitable product stream . A student forgoes short­
term earning opportunities by attending college to in­
crease his longer-term earning capability. This reversal 
between the short run and the long run occurs repeatedly. 

Sixth, a system contains internal dynamic mechanisms 
that produce the observed undesirable behavior. If we 
ignore the fundamental causes and simply try to over­
whelm the symptoms, we pit two great sets of forces 
against one another. In general, our social systems have 
evolved to a very stable configuration. If the system is 
troublesome, we should expect that the causes of the 
trouble are deeply embedded. The causes will outlast our 
persistence in overwhelming the symptoms. Furthermore, 

the internal pressures usually rise to counteract a correc­
tive force from the outside. We can expend all our 
energy to no avail in trying to compensate for the troubles 
unless we discover the basic causes and redesign the 
system so that it spontaneously moves to a new mode of 

behavior. 
As the last of these characteristics of complex systems, 

we must recognize that a certain ensemble of conditions 
goes with each possible mode of a system. More specifi­
cally, each mode of a system is accompanied by a set 
of pressures characteristic of that mode. We cannot 
sustain a particular mode unless we are willing to accept 
the corresponding pressures. For example, contrast the 
depressed mode of a city in Figs. 5 and 6 with the revived 
mode in Figs. 7 and 8. The depressed mode is one 
characteri zed by the pressures that come from decaying 
buildings, low incomes, and social disorientation. But the 
revived mode also contains pressures. The revived mode 
is sustained by the housing shortage and the legal and tax 
pressures that generate a steady demolition and replace­
ment of old buildings. But everyone in the system will 
want to alleviate the pressures. Active industry will want 
more employee~; rc, idcnts wi ll want more floor space; and 
ouhidcr, wil l want housing so they can move to the 
auractivc job opportunities. Rents will be high. These 
pre\\ure, arc ca~y to relieve by increasing the fraction of 
the land area pcrmi, ,iblc for housing, by keeping old 
building, in place longer , and by allowing taller aparunent 
building,. But such move, will , tart the area back toward 
thc dcpre,, cd mode . We mu,t decide th<.: kind of ~ystem 
we want w,th knowledge of and acceptance of the accom­
pan } tng prc,,urC\. l n\tead , much of our ,ocial lcgi,lation 
nf the last ,cvcr;d lh:Cadcs ha, con, i,tcd nf trying to 

'---- -------------

1d1e·,e lllll' ,c t 11! pi e .,url', ,ofter ,1111tthc1 I he rc,ul "~ 
,y,tc111 mode d1arac tcr11cd hy tnflcx1htltt:, co11forrn 11j. 
crowdin g. f111\trat1nn. , uprc111 ac} of the organ1 1at inn over 
the 1mll\idual. and a cho~111 v 111 the env ironment. /\n d 
the resulting pn:ssurc,. acttn r through the cou nt<.: r intu1 t1vc 
and short vcr, 11, loni; term rncr,a l c. harattc r l\llC\ of cnm­
plex ,y,t<.:111,. may v. cll move u, furt her tn the ,amc tlt rcc-

tion 
I am ,uggc, ting th at the time is approaching v.,hcn we 

can de,ign ,ocial , y~tcms to obtain far better behav ior. 
DifTcrent policies could change our urban area\ from one\ 
that arc designed to deteriorate into one~ that arc 
designed for sel f-renewal. One can foresee a time when we 
will understand far better the relationships between mone­
tary policy, interest rates, unemployment, and foreign ex­
change. Already such studies have thrown new light on 
the processes of corporate growth, on the reasons for 
product stagnation and loss of market share, and on the 
growth and decline of cities. 

To design new policies for social systems requires 
a level of skill that is rare. The kind of system 
modeling and policy design I have been describing re­
quires a professional training at least as extensive as that 
in any of the established professions. The proper training 
requires theory, laboratory, case studies, a·pprenticeship. 

and practicing experience. 

This article is based on a paper that originally appeared in The 
Engineer and the City , proceedings of a symposium sponsored by 
the National Academy of Engineering, October 22- 23, 1969. Pro­
ceedings are available from the Academy, 2101 Constitution 
Avenue, Washington, D .C. 20418. 

REFERENCES 

I. Forrester, J. W., Urban Dy namics. Cambridge, Mass.: The 
M.J .T. Press, 1969. 
2. Forrester, J. W., Industrial Dynamics. Cambridge, Mass.: 
The M.I.T. Press, 1961. 
3. ~orrester, J. W., Principles of Systems. Cambridge, M ass.: 
Wnght-Allen Press, Inc., preliminary printing of first ten chapters. 

Jay W. Forrester (F) is professor of management at the 
Massachusetts Institute of Technology, where he directs 
research and teaching in the fie ld of industrial dynamics. 
Dr. Forrester was graduated from the University of Ne­
?r_a ska with high distinction in 1939. That same year he 
Joined M.I.T. as a research assistant in electrical engineer­
ing. Two years later he became a member of M.I.T.'s newly 
formed Servomechanisms Laboratory. Prior to his present 
position, which he assumed in 1956, Dr. Forrester was head 
of the Digital Computer Division of M.I.T.'s Lincoln Labora­
tory. In this capacity he guided the military operational 
planning and technical design of the Air Force SAGE sys­
tem for continental air defense. He holds the basic patent 
for "random-access, coincident-current magnetic storage," 
which is now the standard memory device for digital com· 
puters. 

In 1967 Dr. Forrester was elected to the National 
Academy of Engineering. He is a Fellow of both the 
American Academy of Arts and Sciences and the Acad­
emy of Management. In 1969 he received the honorary 

doctor of science degree from 
Boston University in recognition 
of contributions to computer 
technology, air defense, and 
urban dynamics. Also in 1969, 
the Danish Academy of Tech• 
nical Sciences awarded him the 
Valdemar Poulsen Gold Medal. 
Dr. Forre ster is a director of t he 
ALZA Corporation. He is also a 
member of the American Physi­
cal Society, the American Eco­
nomic Association, and ACM. 



MODULAR SIZED INTEGRATED UTILITY SYSTEMS 
PROGRAM SUMMARY FOR 

BLUE RIBBON PANEL 

PREPARED BY 

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 

IN COOPERATION WITH 

ENVIRONMENTAL PROTECTION AGENCY 
NATIONAL SCIENCE FOUNDATION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
ATOMIC ENERGY COMMISSION 

OCTOBER 6, 1971 

> 



PRESENTATION OUTLINE 

l. PROGRAM DESCRIPTION 
2. URGENT NATIONAL PROBLEM 
3. RANGE OF APPLICATION 
4. PROGRAM GOALS 
5 .• PROGRAM PLAN 
6. MANAGEMENT AND PARTICIPANTS 
7. FEDERAL BUDGET IMPACT 
8. NON-FEDERAL SUPPORT - UTILITY INDUSTRIES 



,, 

' r 

., , . \ 
. . .... ~ . 

. . 

• ~ _: ~ ' · . . . 
/.?~~- • ~-\ . . -. . .• . . 

~-·-

PROGRAM DESCRIPTION 
THE PROGRAM WILL DEVELOP, DEMONSTRATE, EVALUATE AND IMPLEMENT WIDESPREAD 

• USAGE OF MODULAR SIZED INTEGRATED UTILITY SYSTEMS. 

A NECESSARY PREREQUISITE FOR URBAN/SUBURBAN DEVELOPMENT IS THE PROVISIONING 
OF FIVE SERVICES PROVluED BY THESE INTEGRATED SYSTEMS. :. THEY ARE: 

. ELECTRICITY 

. HEATING, AIR CONDITIONING, HOT WATER, ETC. 

. SOL ID WASTE 

. LIQUID WASTE 

.. DOMESTlC WATER 

I 
I 

• • 
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URGENT NATIONAL PROBLEMS (ALL$ 1971) 

RESIDENTIAL PRESSURE FOR CAPITAL EXPENDITURES (197r ,T0 -1986) 

$50 BILLION/YEAR FOR HOUSING ........ . . . . . · $750 BILLION 

7% ANNUAL INCREASE IN RESIDENTIAL ELECTRICAL DEMAND 
(@ $300/KW) . . . . . . . . . . . . . . .. . . . . . . $255 BILLION 

OTHER COSTS SMALL BY COMPARISON (BUT INCREASING 
RAPIDLY) 

.TOTAL LOWER BOUND ~5-YEAR CAPITAL COSTS. . . . . . . . $1,005 BILLION 

RESIDENTIAL OPERATING COST COMPARISO.NS . {1971 :·$ IN BILLIONS) 
. -.: ....... 
. . 

. .. . . . .. . . 1971 1986 

7% ANNUAL INCREASE IN ELECTRICAL DEMAND 
(@ $.02/KWH) .......... , , , .. 8.8 24.2 

4% ANNUAL INCREASE IN ··SPACE HEATING 
(GAS@ .003¢/KWH) ......... . . . . . 12. 5 • 22.5 

· 5% ANNUAL INCREASE IN SOLID WASTE 
(@ $22/TON) .......... . . . . . . . . 4.2 8.6 

2 1/2% ANNUAL INCREASE IN POTABLE .WATER 
(@ $0.24/10 3 GALLON) .......... ,· 1.7 2.5 

> 

2 1/2% ANNUAL INCREASE IN LIQUID WASTE • 
(@ $0.20/10 3 GALLON) . . . . . . . . . . . 1.4 2.0 

TOTAL ANNUAL OPERATING COSTS ..... $28.6B $59. .·as 

... 

• • 
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RANGE OF APPLICATION - MARKET 
•. MULTI-FAMILY ANNUAL HOUSING STARTS HAVE INCREASED FROM 19% OF THE TOTAL 

IN 1959 TO OVER 50% IN 1970 . 

. ALL MULTI-FAMILY DWELLING UNITS ARE A POTENTIAL MARKET FOR INTEGRATED 
UTILITY SYSTEMS (ABOUT 13 MILLION UNITS BETWEEN 1976 AND 1986) . 

. IN: ADDITION, COMMERCIAL, SCHOO~S AND OTHER LIKE UNITS PLUS MANY INDUSTRIAL 
APPLICATIONS ARE ALSO SIGNIFICANT POTENTIAL MARKETS . 

. SUBSEQUENT ESTIMATES PRESENTED HEREIN OF CAPITAL AND OPERATING COST AND 
OTHER. BENEFICIAL IMPACTS ARE CONSERVATIVE. ONLY THE 50% RESIDENTIAL 
MARKET IS ASSUMED (EVEN THOUGH IT PROBABLY WILL BE GREATER) AND NO CREDIT 
IS TAKEN FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS. 

• 
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PROGRAM GOALS - TOP LEVEL 

CATEGORIES OF TOP LEVEL PROGRAM GOALS ARE: 
. PROVIDE OPTIONS IN UTILITY SERVICES NEEDED FOR URBAN/SUBURBAN DE-

VELOPMENT, HAVING ADVANTAGES OVER EXISTING APPROACHES • 

• ·MORE EFFICIENT ENERGY AND OTHER RESOURCE UTILIZATION • 

, IMPROV~ QUALITY AND ENVIRONMENT OF AMERICAN LIFE • 

. REDUCE 11 TOTAL 11 COSTS . 

. EXPAND PRIVATE INSTITUTIONAL PARTICIPAlION, RESPONSIBILITY AND PER~ 
SPECTIVE IN PROVIDING UTILITY SERVICES • 

• . ESTABLISH U.S. TECHNICAL LEADERSHIP • 

. BALANCE OF TRADE . 

• NATIONAL PRODUCTIVITY AND EMPLOYMENT~ 
> 

• 
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PROGRAM GOALS - SPECIFICS 

11 PROVIDE OPTIONS IN UTILITY SERVICES NEEDED FOR URBAN/SUBURBAN DEVELOPMENT, 
HAVING ADVANTAGES OVER EXISTING APPROACHES: 11 

. UTILITY SERVICES ARE 11 0N LINE . FASTER 11 
- REDUCED PLANNING TO OPERATION 

TIME SPAN BY OVER 75% (FR~M 8+ YEARS TO 2 YEARS) . 

. REDUCE RISK, FINANCING QUESTIONS AND EARLY OPERATING COSTS- THROUGH 
ADDING CAPACITY IN PHASE WITH ACTUAL DEMAND . 

. MORE FLEXIBLE AND ECONOMICAL URBAN/SUBURBAN GROWTH PATTERNS POSSIBLE 
THROUGH SELF-CONTAINED UTILJTY SYSTEMS THAT AR~ INDEPENDENT OF EXISTING 
INFRA~TRUCTURE . 

• 
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PROGRAM GOALS - SPECIFICS 

"MORE EFFICIENT ENERGY AND OTHER RESOURCE UTILIZATION. 11 

. IMPROVE UTILITY SYSTEMS FUEL USEAGE EFFICIENCY FROM 35% 
TO 70% . 

. RECYCLE 65% OF THE SOLID WASTES FROM URBAN/SUBURBAN SOURCES . 

. IMPROVE -EFFICIENCY OF DOMESTIC WATER USEAGE BY 80%. 

• 
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PROGRAM .GOALS - SPECIFICS 

"REDUCE TOTAL COSTS" 

·, SAVE $62 BILLION BY 1986 IN POWER GENERATION FACILITY CAPITAL 
COSTS. 

··, USE 37% LESS FUEL IN GENERATION OF ELECTRICITY AND HEATING 
FOR DOMESTIC USE (FOR UNIT SERVED BY INTEGRATED UTILITY 
SYSTEMS). 

, BY 1986 SAVE DOMESTIC USERS OF ELECTRICITY $3.8 BILLION 
ANNUALLY. 

, BY 1986 SAVE 8.5% ($2.7 BILLION) OF THE TOTAL ANNUAL FUEL 
N~EDED FOR GENERATION OF ~LECTRICITY AND HEATING FOR DOMESTIC 
.PURPOSES. 

I 
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PROGRAM GOALS - SPECIFICS 

"IMPROVE QUALITY AND ENVIRONMENT OF AMERICAN LIFE. 11 

. REDUCE THERMAL POLLUTION 
. 50% REDUCTION IN WASTE HEAT FROM INTEGRATED UTILITY SYSTEMS WITH 

NONE WASTED IN RIVERS OR LAKES. 

. COOLING WATER REQUIREMENTS REDUCED FROM 175 X 109 gpd TO 96X 
109 gpd (IN 1986 WITH 50% MARKET CAPTURE . IN 1976 TO 1986, ·INDUSTRY . 
NOT INCLUDED) 

. AIR POLLUTIO N 
. REDUCE COMBUSTION PRODUCTS BY 40% FROM ELECTRICAL POWER GENERATION 

AND HEATING FOR DOMESTIC PURPOSES (IN THOSE CASES USING INTEGRATED 
SYSTEMS) . 

. REDUCE TOTAL COMBUSTION PRODUCTS BY 10% IN 1986 FROM SOURCES 
SUPPLYING ELECTRICITY AND HEATING FOR DOMESTIC PURPOSES . . 

• 
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, SOLID WASTE POLLUTION 
. RECYCLE 65% OF SOLID WASTES FROM DOMESTIC SOURCES (FOR THOSE 

USING INTEGRATED UTILITY SYSTEMS). 

-~ LIQUID WASTES 
. REDUCE SEWER WATER VOLUME BY 80% (FOR THOSE UNITS SERVICED BY 

INTEGRATED UTILITY SYSTEMS). 

BY 1986 REDUCE TOTAL SEWER WATER VOLUME FROM ALL DOMESTIC SOURCES 
BY 11% . 

> 

• 
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~ SOLID WASTE POLLUTION 
. RECYCLE 65% OF SOLID WASTES FROM DOMESTIC SOURCES (FOR THOSE . 

USING INTEGRATED UTILITY SYSTEMS). 

· -~LIQUID WASTES 

,. 

. REDUCE SEWER WATER VOLUME BY 80% (FOR THOSE UNITS SERVICED BY 
INTEGRATED UTILITY SYSTEMS). 

. BY 1986 REDUCE TOTAL SEWER WATER VOLUME FROM ALL DOMESTIC SOURCES 
BY 11 % • 

• 
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PROGRAM GOALS - SPECIFICS 
"EXPAND PRIVATE INSTITUTIONAL PARTICIPATION, RESPONSIBILITY AND PERSPECTIVE 
IN PROV ID ING UTILITY SERVICES. 11 

. PROVIDE THE OPPORTUNITY TO PRIVATE INSTITUTIONS TO BECOME OWNERS AND 
OPERATORS OF UTILITY SYSTEMS THAT PROVIDE FIVE SERVICES RATHER THAN 
ONE AS IS CURRENTLY THE CASE. 

"ESTABLISH U.S. TECHNICAL LEADERSHIP" 

. CONDUCT A PROGRAM THAT WILL DIRECT AND INTEGRATE THE TECHNICAL CAPA­
BILITIES OF THE U.S. TOWARD· BETTER SOLUTIONS OF ENERGY USEAGE, WATER 
AND HANDLING OF WASTES - PROBLEMS FA~ED BY ALL COMMUNITIES OF THE 
WORLD. 

"BALANCE OF TRADE" 

. REDUCE FUEL IMPORTS BY $2.7 BILLION ANNUALLY BY 1986 . 

. EXPORT OF MODULAR SIZED INTEGRATED UTILITY SYSTEMS HAS A POTENTIAL 
MANY TIMES GREATER THAN THE U.S. MARKET. 

"NATIONAL PRODUCTIVITY AND EMPLOYMENT" 

> 

~ BETWEEN 1976 AND 1986 INTEGRATED UTILITY SYSTEMS REPRESENT AN 
$80 BILLION STIMULUS TO BOTH PRODUCTIVITY AND EMPLOYMENT. 

• 
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• FEDERAL .BUDGET .IMPACT ·(ESTIMATED FUNDING) .. 

~ DIRECT PROGRAM COSTS 
($ IN MILLIONS) 

FY 1972 1973 1974· 1975 1976 - · 
HUD 2.7 8.9* 15 15 15 
NSF 0.25 0.40 0.20 0.20 0.10 

DIRECT GOVERNMENT MANPOWER 
(IN MAN YEARS) • 

NASA 15 25 25 25 25 
EPA 2 4 _. 4 4 4 
AEC · 10 15 15 15 l5 

RELATED RESEARCH ACTIVITY FUNDING 

'• ($ IN MILLIONS) 

NASA 1.0 5.0 5.0 5.0 5.0 
NSF 2.4 3.5 3.5 3.5 3.5 
EPA 1.5 . 1.5 2,5. 2.5 2.5 

> 

* 3.0 CURRENTLY PROPOSED -

-12-



. 
r 

.. . . 
. . ~ ·\.. :; 

.,. ... . 

.. . ... 

. : . 

NON-FEDERAL SUPPORT 

. IN THE 1973 TO 1974 TIME PERIOD, THE GOVERNM ENT-SUPPORTED PROGRAM WILL 
HAVE PRODUCED RESULTS SUFFICIENT ·To ENCOURAGE THE MORE FORWARD LOOKING • • 
PRIVATE UTILITY INSTITUTIONS TO ENTER THE INTEGRATED UTILITY SYSTEMS 
BUSINESS . 

. INCENTIVES FOR THEM ARE: 

.. . \ . INCREASED UTILITY FUNCTION RESPONSIBILITY. 

. INTEREST IN ENVIRONMENTAL CONCERNS AND ENERGY CONSERVATION . 

· . $so· BILLION MARKET BETWEEN 1976 AND 1986 . 

. RESULTS OF GOVERNMENTS INTEGRATED UTILITY SYSTEMS EXPERIENCE 
MADE AVAILABLE . 

. , 

• 
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PROGRAM PLAN 

• PHASE I - (PAST SEVERAL YEARS TO MID 1972) 

-. , DE,VELOPMENT, DEMONSTRATION AND ~VALUATION OF INDIVIDUAL TECHNOLOGY, 
( 
I 

, DETAILED ANALYSIS (PERFORMANCE~ COST, ETC.), CONCEPTUAL DESIGN 
SELECTION, PRELIMINARY DESIGN AND PLANNING FOR PHASE II DEMONSTRA­
TIONS AND EVALUATIONS. 

. PHASE II (1972 TO 1976) 

~ FOUR GOVERNMENT FUNDED INTEGRATED UTILITY SYSTEMS DEMONSTRATE~ AND -
EVALUATED IN REAL-LIFE SITUATIONS . 

. IN PARALLEL ENCOURAGE PRIVATE UTILITY INSTITUTIONS TO ENTER INTE-
1 

GRATED UTILITY SYSTEMS.BUSINESS . • 

, PHASE III (1976 ON) 

. • BASED ON TECHNOLOGY ADVANCES FROM RELATED R~SEARCH ACTIVITIES. PROVlDE 
FURTHER IMPROVEMENTS IN UTILITY SYSTEMS. , 

. '-
,.......,.----- -- -

-
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MANAGEMENT AND PARTICIPANTS 

. . PROGRAM TO BE MANAGED BY HUD UTILIZING EXI~TING GOVERNMENT 
ORGANIZATIONS AND CAPABILITIES • 

. MAJOR GOVERNMENT PARTICIPANTS ARE: 
. . EPA 

. NASA 

. AEC 

.... • NSF 

r "" 

• 
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The Problem 

It has been established that in 1969 there were between 12.8 an<l 16.8 
million households that could not afford adequate housing at a reasonable 
percentage of income. In addition, although roughly 25 million families 
are currently legally eligible for our major subsidy programs, it is 
projected that only 2 million or 8% of them will be served by the end of 
fiscal year 1972. Our current subsidies are tied to buildings. They 
are, therefore, available "only in certain locations and for certain 
designated units. If a needy family moves out of a subsidized unit, it 
loses its subsidy. While new construction and to some limited extent 
existing housing is being subsidized, in many large cities, the existing 
sound rental housing stock is undergoing rapid deterioration and abandonment 
largely because owners are curtailing maintenance in response to rising 
costs without the prospect of corresponding increases in revenue . 

Housing allowances have been suggested as an alternative subsi<ly appr;ach 
that would provide housing purchasing power for those in need, encourage 
free market competition in the new and used housing market, provide freedom 
of housing and locational choice, encourage maintenance of existing units, 
and minimize inequities. 

Previous Work 

Four of the papers.submitted to the House Subcommittee on Housing Panels , 
based on six HUD-funded studies by the Urban Institute , as well · as work 
by the New York City Rand Institute and researchers at M.I.T., deal with 
housing allowances. From this work, it appears that housing ·allowances 
would be more cost-effective than present subsidy programs , that they 
would be more equitable than present programs -- both to those who would 
be eligible for subsidies and to builders who produce housing for subsidy 
programs, that they could help prevent the rapid deterioration and 
abandonment of sound housing, and that residential options for low-income 
households would be expanded to include the entire metropolitan area . 
A study by the Urban Institute of costs of the leased housing program 
and a thesis written at Harvard University covering costs of Federal housing 
programs show that in the leased housing program, which comes closest 
to a housing allowance of _all Federal housing programs, the costs to the 
government per family served arc substantially less than those of all 
oth~r Federal housing programs . 

•· 
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Ilut questions were rais ed about any secondary negative affects of hous ing 
allowances. These questions concern issues of wl1ether a large scale 
housing allowance program, impl emented all at . once, might result in inflated 
rents and sales prices and whether such a program, by itself, would stimulate 
the level of new construction required to meet the nation ' s expanding 
needs. Although little analysis has been done in these issues, work by 
the Urban Institute indicates that there might not be major inflation. 
The thoroughness of inves tigation on housing allowances is indicated by 
the fact that such questions are being examined ; they were not examined 
in establishing our present subsidies. 

The consensus of th~ work on housing allowances is that a housing allowance 
experiment should be carried out to evaluate the major primary and secondary 
affects . 

In addition to the above, the San Francisco Development Fund carried out 
a succes sful experiment which provided short-term subsidies and frunily 
counseling of an advocacy nature to low- income families , designed to make 
them homeowners. Lower income families, when supported by a well conceived 
and executed counseling program, were more likely to be successful 
homeowners than those families not receiving the counseling support. This 
experiment has served as important background to the development of consumer 
orie11ted homeolv11ersl1ip programs. ..,_ 

• -,(, 

.. 
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WHY . 

A HOUSING ALLOWANCE? 

ARGUMENTS IN FAVOR: 

.FREEDOM OF CHOICE 

. FREE MARKET OPERATION 

.HELP PREVENT DETERIORATION & ABANDONMENT 
OF HOUSING STOCK 

. 
. MORE .EQUITABLE TO RECIPIENTS & TO BUILDERS 

.MORE EFFICIENT THAN CURRENT PROGRAMS 

• AVOID CURRENT CONTROVERSIES OVER LOW- INCOME 
HOUSING DEVELOPMENTS IN SUBURBS 

WARNINGS : 

.MAY INCREASE HOUSING RENTS & PRICES 

. MAY NOT STIMULATE ADEQUATE PRODUCTION OF HOUSING 

.MAY NOT BE SPENT BY RECIPIENTS ON HOUSING 

.TOTAL COSTS 

.MAY NOT LEAD TO DISPERSAL OF POPULATION 



PROGIW1 DESCRIPTION 

EXPERIMENT DESIGN 

DEMAND EXPERIMENT 
MARKET EXPERIMENT 
DURATION OF EXPERIMENT 
NATIONAL SURVEY 
TRANSITIONAL PROCEDURES 

. 
SELECT FIELD OPERATORS (ADMINISTER AREAS, CONDUCT 

SURVEYS) 

SELECT AREAS & INITIATE ON A STAGGERED SCHEDULE 

SELECT APPROX. 1,000 PARTICIPANTS FOR EACH AREA 
(600 RECIPIENTS AND 400 CONTROLS) 

TARGET DATE FOR FIRST AREA: EARLY CALENDAR 1972 
FY 72: 3 AREAS APPROX . 3 , 000 PARTICIPANTS 
FY 73: 6 AREAS 6,000 PARTICIPANTS 

ANALYSIS 

RECOMMENDATIONS 



EXPERIMENT OBJECTIVES 

MARKET ISSUES 

1. ARE RENTS DRIVEN UP? 

2. DOES EXISTING STOCK IMPROVE? 

3. DOES NEW CONSTRUCTION RESULT? 

PEOPLE ISSUES 

1. WHAT DO HOUSEHOLDS BUY WITH THEIR ALLOWANCES? 

2. DOES DISPERSAL OCCUR? 

ADMINISTRATIVE ISSUES ... 

1 . WHAT ADMINISTRATIVE MECHANISM IS BEST? 

2. WHAT ARE PROGRAM COSTS? 

3. WHAT IS THE BEST ALLOWANCE PROGRAM? 

4. HOW DO ALLOWANCES COHPARE IN COST WITH EXISTING HUD PROGRAMS? 

5 . HOW DO ALLOWANCES COMPARE WITH INCOME MAINTENANCE? 



- PAYMENT FORMULA 

- COST OF DECENT HOUSING 

- HOUSEHOLD CONTRIBUTION 
RATE 

- ELIGIBILITY 

-OWNER/ RENTER 

- FORM OF PAYMENT 

-CONDITIONS 

-COUNSELING • 

POLICY VARIABLES 

(ALLOWANCE BASED ON FA!ULY SIZE, 
INCOAE , OTHER FA!.\ILY CIWlACTERIS­
TICS , RSNT PAID ) 

( BASED ON COST OF ADEQUATE HOUSING 
FOR HOUSEHOLD OF A GIVEN SIZE ) 

(PERCENTAGE OF INCOME, PERCENTAGE 
OF RENT) 

( BELOW CERTAIN INC0J,'.E, U1TABLE TO 
AFFORD DEC Et-IT HOUSING ) 

"' 
(SEPARATE PROORPJ,!S , SAME PRCGRAM) 

(CASH, VOUCHER ) 

(MINIMUM STANDARDS, NO STANDARDS, 
CERTIFICATION OJ<, RENT) 

(GROUP, INDIVIDUAL : BUDGETING & 
SAVING, CREDIT FRACTIC~S, E'-IPLOY­
MENT, LEGAL, REAL ESTATE TRAJTS ­
ACTIONS , FAMILY PROBLEMS HOl-rE-

• ' MAKING, OTHER ) 

• 



M.AJOR HOUSING ALLOWANCE 

PLANS TO BE TESTED 

COST STANDARD OF ADEQUATE 
HOUSING 

HOUSEHOLD CONTRIBUTION 
RATE 

CONDITIONS ON ELIGIBLE 
HOUSING 

COUNSELING 

I 

HOUSING 
GAP 

MINIMUM 

PERCENT OF 
RENT 

MINDruM 

(Based on structural 
standards; central city 
housing) 

25% HIGH% 
OF INCOME OF RENT 

INSPECTION INSPECTION 

YES YES 

.. 



PATIIBl\"T FO&.'1ULA 

HOUSING 
GAP 

% OE' 
RE !'-l"T 

SPECIFIC PROGRAM VARIATIONS 
(FOR COMPARISONS) 

COST STANDARD 
OF 

DECENT HOUSING 

MINIMUM 

MODEST 

MINIMUM 

MODEST 

HOUSEHOLD 
CONTRIBUTION 
RATE 

25% 

15% 

r 67% 

;7' of rent 

40% 

CERTIFICATION ON 
HOUSING QUALITY 

INSPECTION FOR 
~ MINIMUM STANDARDS 

➔ 

MINIMUM RENT 
REQUIRED 

~ MINIMUM STANDARDS1 

> 
. I 

MINIMUM RENT 
REQUIRED 

j 



ENVIRONMENTAL VARIABLES 

PRIMARY -

VACANCY RATES 
PREDOMINANT TENURE TYPE 
POPULATION SIZE 

SECONDARY -

]-

DEGREE OF MINORITY CONCENfRATION 
COST OF HOUSING 
REGION 

DEFINE LOCAL 
HOUSING MARKETS 

EXISTENCE OF OTHER HUD SUBSIDY PROGRAMS 



SITE SELECTION PROCESS 

I. CLASSIFICATION OF SMSA'S OVER 250,000 BY: 

RENTAL VACANCY RATE 
OWNER/ RENTER RAT°IO 
POPULATION SIZE 

II. SCREEN CATEGORIES BY: 

RACIAL CONCENTRATION 

REGION 

COST OF RENTING 

6- CATEGORIES 

PRESENCE OF FEDERAL HOUSING PROJECTS 

SITUATED IN TWO OR MORE STATES 

LEGISLATION REQUIRED FOR WELFARE WAIVER 

STATE INCOME TAX RULING 

III.NEGOTIATION FOR: 

MOST FAVORABLE EXPERI}fENTAL CONDITIONS 



POPULATION VARIABLES 

INCOME 

RACE 

HOUSEHOLD SIZE 

HOUSEHOLD AGE 

HOUSEHOLD COMPOSITION 

PROBLEM FAMILIES 

(LOW J\ND MODERATE) 

(BLACK , WHITE, OTHER MINORITY ) 

(SINGLE TO FAMILIES WITH 
MANY CHILDREN) 

(YOUNG TO ELDERLY) 

(BOTH PARENTS PRESENT, 
FEMAIE HEADED) 

- ---_______ _____. 



. . 

HOUSING ALLOWANCE EXPERHJENTAL PROGRAfl 13UDGET* 

$ 
FY 72 FY 73 

DISBURSENE NTS 590,000 4,690,000 

ALLOWANCE PATIIENTS 
CONTROL GROUP PAY1-1ENTS 
INTERVIEW PATI'IENTS 

ASSISTANCE 40,000 230,000 

COUNSELING. 

FIELD OPERATIONS 2,660,000 5,100,000 

FIELD ADMINISTRATI ON 
SCREENING INTERVIEWS 
ADP 
RENT SURVEYS 

DESIGN & EVALUATION 380,000 780,000 

URBAN INSTITUTE 
SAMPLE DESIGN 
MARKET EXPERIIvlENT DESIGN 
NATIONAL PANEL 

TOTAL 
$3,670,000 $10,800,000 

*IT IS ESTIMATED THAT FY 74, FY 75, FY 76 WILL CO NT INUE TO RUN AT 
ABOUT THE SAME LEVEL AS FY 73. 

' t 
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MEMORANDUM 

THE WHITE HOUSE 

WASHINGTON 

October 4, 1971 

MEMORANDUM FOR PSAC MEMBERS 

In connection with the discussion of new technological initiatives at the 
October PSAC meeting, the Committee is asked to identify longer-range 
initiatives (particularly those that have potential for major impact on our 
society or economy) that the Committee desires to pursue in depth at 
subsequent meetings. 

For example, the following topics have been highlighted in the course of the 
current initiatives exercise, which might benefit from further PSAC examin­
ation. Please number in order of priority those items on which you would 
like to have briefings and discussion at future PSAC meetings, and identify 
other topics that should be added to the list for PSAC examination. Addi­
tionally, oral reports are requested at the October meeting on the following 
subjects previously agreed: 

Water Desalting 

Nutritional Technology - I. Bennett 
Automation and Computers - J. Truxall 
Superconductivity - R. Garwin 

· , 

The technology of water desalting continues to advance,. although at 
present costs are high compared with those of conventional water supply 
systems in areas where such systems are feasible. However, reduced 
costs are foreseen, and desalting is economic in special situations. 
There is developing industry interest both in the aerospace industry, 
such as Aerojet General, and in the chemical industry (DuPont and Dow). 
A federal push here might very well catalyze the formation of a viable 
industry with increased export potential as well as considerable domestic 
importance in critical areas in the near future, e.g., in Southern California. 

Weather Modification 

Experiments employing cloud seeding to modify weather continue to give 
encouragement, although much remains to be learned. NOAA, the 
Department of Agriculture, and the Department of the Interior particularly, 
have on-going programs aimed at increasing water supplies, decreasing 
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hail and lightning damage in crops and forests, and alleviating hurricane 
conditions. The pay-off could be billions of dollars annually. The over­
all federal program is coordinated through a committee of the FCST. The 
effort includes extensive mathematical modeling of the physics of the 
atmosphere to improve our understanding of the basic principles involved. 
The situation appears ripe for the establishment of an accelerated effort, 
both in the field and in the laboratory. 

Modification of local weather conditions is operationally feasible under 
limited conditions. Advanced research will enable us to get on with more 
extensive modifications, possibly including climate control. Required 
here is a better weather measurement network in order to obtain better 
climatic baseline data for the determination and prediction of long-term 
trends. 

Earthquake Prediction and Control 

Experiments here and abroad suggest that with proper instrumentation of 
geological faults and a better understanding of earthquake mechanisms 
the imminence of earthquakes can be predicted. With timely warning, 
loss of life and property could be significantly reduced. 

In addition, there appears to be the possibility for preventing earthquakes 
when their foci are relatively shallow. Injection of fluid through deep 
drilling holes has relieved strain along rock fractures in experiments 
carried out by the U. S. Geological Survey. It is not yet clear whether 
this technique would materially decrease earthquake hazards, but further 
experiments and semi-operational efforts appear attractive, particularly 
for the West Coast and perhaps Alaska. Reports indicate that both Soviet 
and Japanese scientists are ahead of us in this field. For example, as a 
result of two decades of experiments the Russians believe they can make 
10-day predictions of earthquake magnitudes and locations in their 
Tadzhikistan province. 

Unconventional Automobile Propulsion 

The Ford-DoD stratified charge engine is only one of a number of possibilities 
for providing clean propulsion for automobiles. Others include gas turbines 
and vapor drive e ngines. Some are similar to, but far more advanced than , 
the old steam engines. Also, new battery technology seems promising for 
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economical propulsion in a longer time frame . A substantial effort in 
these· areas would augment nicely the all-consuming industry effort to 
meet the 197 5 .:. 76 emissions standards by modification to the current 
engines and provide the country with options to select a less expensive 
personal transit vehicle power plant. 

High Power Lasers 

High power lasers are beginning to open applications which were con­
sidered "science fiction" only a few years ago. Many exciting applica­
tions may now be at the verge of feasibility . Thermonuclear power 
generation, machine tools, and high-density, high-data-rate communica­
tions systems are near-term possibilities with continued advances in 
higher technology. The prospects are for dramatic further progress in 
the next few years, but the federal program is not organized adequately 
to meet that opportunity. The Soviet Union has a large, well-planned 
program in this field. The possibilities for ABM, a nuclear "internal­
combustion" engine, and other revolutionary applications make a 
focused program vital. 


