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AGENDA

April 29 to May 3, 1974

Hotel Gutenbrunn, Baden near Vienna

Chairmen: Professor Mihajlo Mesarovic, Case Western Reserve

University, Cleveland, Ohio; and
Professor Eduard Pestel, Technische Hochschule

Hannover
Monday, 29 April
9:00 9:30 Welcome and introduction to IIASA
by the Director, Professor Howard
Raiffa
9:30 10:35 Introduction and overview of the M. Mesarovic
symposium
Motivation, Objectives, and E. Pestel
Conceptual Foundation
10:35 10:55 Coffee
10:55 12:15 Overall Methodology of Model M. Mesarovic
Construction and Its Use as
A Planning Tool
12:15 14:00 Lunch
14:00 15:50 World Population Model and Analysis W. Paul
of Population Policy Alternatives
Food Production and Nutrition P. Clapham
Model
15:50 16:10 Coffee
16:10 17:30 Integrated Food Supply and Need J. Richardson
Model and Assessment of Long
Term World Food Crisis
Tuesday, 30 April
9:00 - 10:30 Energy Resources Model H. Maier
Energy Supply Model and Its Use H. Bossel

for Technology Assessment



10:30 - 10:50 Coffee

10:50 - 12:15 Energy Demand Model B. Hughes
Integrated World 0Oil Model and B. Hughes
Assessment of Competition in 0Oil

Supply and Demand

12:15 - 14:00 Lunch

14:00 - 15:30 Structure for Regionalized Macro- L. Klein
Economic World Model B. Hickman
Estimation for Macro-Economic Model M. McCarthy

15:30 - 15:50 Coffee

15:50 - 17:30 Implementation of Macro-Economic P. Gille
Model
Implementation of Micro-Economic W. Strobele
Model
Analysis of Statistical Error in G. Blankenship

World Economic Model

Tuesday Informal Evening Session*

Wednesday, 1 May

9:00 - 10:30 Scenario Type Analysis P. Gille
T. Shook
Interactive Mode Analysis F. Rechenmann
M. Warshaw
10:30 - 10:50 Coffee
10:50 - 12:15 Computer Software Support J. Mermet
Ergonomics of Man-Machine Inter- J. Klabbers
action
12:15 - 14:00 Lunch
14:00 - 17:30 Demonstration of Scenario
Analysis of Interactive Model P. Gille
Simulation F. Rechenmann
T. Shook
M. Warshaw

*

The conference participants had agreed among themselves
that an informal, extra-curricular session to discuss
modelling would be beneficial, and so a session was held
Tuesday evening.
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Preliminaries

Introduction by Professor Howard Raiffa

Welcome to Baden! Baden is an Austrian village that is
known by some people primarily as a health resort. All of us
here know its true distinction: namely, it is that pleasant
place near Laxenburg where IIASA has its international con-
ferences.

I would like to take this opportunity to thank the
chairmen of this conference, Mike Mesarovic and Eduard Pestel,
for their splendid preparation for the conference. The
arrangements from IIASA's side were the responsibility of
Dr. Andrei Bykov and Professor Gerhardt Bruckmann. They have
been ably assisted by Mrs. Ilse Beckey and Miss Claudia Staindl.
I am sure you all join me in expressing our appreciation for
their efforts.

Let me say a few words about IIASA. As most of you know,
our charter was signed in October 1972, but it was not until
last summer--the summer of 1973--that scientists began to ar-
rive in Laxenburg. We now have about fifty scientists in resi-
dence, and if one fits an exponential growth curve to the time
series of scientists present at IIASA, then by the year 2000
we shall have all the people in the world in Laxenburg. But
since our infrastructure will not permit this unimpeded growth,
we have decided on a more orderly growth pattern: we expect
to increase our numbers slowly from now on, and we anticipate
reaching a steady state of about ninety research scholars.

Our funds come from thirteen national academies of
sciences, or similar types of institution, and I expect that
other institutions representing other countries will join our
family. Like most other institutions the world over, we do
not have enough money to do what we would like--or what we
deserve--and some of our marginal efforts will have to be cur-
tailed.

IIASA Program

The Council of our institute has authorized us to pursue
research in the following nine project areas:



-16-~

METHODOLOGY
General
Reviews on the State of the Art of ASA

Proposal for research on optimization of
large scale systems

DESIGN AND MANAGEMENT OF LARGE ORGANIZATIONS
COMPUTER SYSTEMS AND COMPUTER SCIENCE

LARGE INTEGRATED INDUSTRIAL SYSTEMS
MANAGEMENT OF URBAN AND REGIONAL SYSTEMS
ECOLOGICAL SYSTEMS PROJECTS

BIOLOGICAL AND MEDICAL SYSTEMS

ENERGY SYSTEMS

WATER RESOURCES

These nine projects are divided into two groups. The first
three (Methodology, Design and Management of Large Organiza-
tions, and Computer Systems and Computer Science) have
primarily a service orientation, the other six an applied
orientation. We can view our research program in a matrix
framework (Fig. 1).

Along one dimension we feature in the service-oriented
projects a host of analytical skills ranging from specialties
in applied mathematics (mathematical programming, control
theory, statistics, modelling, etc.), in computer sciences,
managerial sciences, behavioral sciences, policy analysts,
engineering of different types, and even international law
and history. In the other dimension, we list our applied
areas: energy, water, ecology-environment, regional develop-
ment, bio-medical, and industrial systems.

The choice of projects was arrived at by a complex pro-
cess of international negotiations. It was impossible to
agree on one or two projects on which to concentrate, so we
have proceeded with a portfolio of interrelated projects.

We used the following criteria for their selection:

a) Interdisciplinary-Applied-Policy or Managerially
Oriented

b) Global or Universal
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c) Important (to NMO's and others)
d) Feasible

e) Non-redundant

f) Phased Output--Balance of Risks

g} Integration Across Projects

The criteria are self-explanatory and need no amplification
except perhaps for Criterion b): Glocbal or Universal. Global
projects include such topics as man's effect on the climate,
or the law of the sea, or the activity at this conference on
global modelling; universal projects deal with concrete
problems that each country faces such as how to get rid of

our solid waste, how to manage our forests, how to provide
emergency health services, and so on. IIASA will feature a
mix of both kinds of activity: global projects and universal
projects.

Our aim, of course, is not to have nine separate projects
but to integrate them in some creative manner. Now all of
you know, only too well, how difficult it is to get scholars
from different disciplines to interact. And we cross not
only disciplinary barriers, but cultural and ideological
barriers as well. One way of achieving such interdisciplinarv
and cultural-ideoclogical integration is to get scientists to
focus on a few important real-world problems: another way
is to select scientists who have already demonstrated an abil-
ity to work across disciplinary lines, and yet another is
to identify some themes which cut across our project areas.
One such theme is the subject matter treated in this symposium.

Let me now say a few words about IIASA's research strategy
as regards modes of research activities. We hope that over
the years IIASA will be recognized as a place where top
scientists from all over the world congregate to pursue joint
research on important world problems. We hope to establish
a community where there is an on-going, open, sophisticated
interchange of ideas on problems where applied systems analysis
has a relevant input. From my admittedly biased viewpoint,
we have gone a long way already in achieving that end. But
IIASA can only make a meager impact if our researchers work
in isolation of the work done elsewhere. It is IIASA policy
to collaborate with other institutions both international
(like such U.N. agencies as IAEA, WHO, UNESCO, and so on)
and national (such as the Institute of Control Sciences in
the USSR, various U.S. universities, Electricité de France,
and the like).
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Besides doing research by ourselves and in collaboration
with others, we have an obligation to be an information ex-
change agency--a so-called sophisticated clearing house, if
you will. We want to collect, synthesize, and disseminate
information that pertains to our research interests. Finally
we can, either by ourselves or in collaboration with others,
host various international conferences dealing with subjects
relevant to our program.

Now let me turn to the subject matter of the symposium.
It is IIASA's intention to host not a single symposium, but
a series of symposia on global modelling efforts. In this
respect we are fulfilling our information-exchange agency role,
in this case through the medium of convening international
conferences. We would ourselves like to concentrate on
methodological aspects of such modelling efforts. We hope
we can play a constructive role in helping to identify critical
methodological areas where more basic research work is needed.
And we intend, in collaboration once again with others to
work on improving the methodology of such large-scale model-
ling efforts as this one. So we enter with the spirit of
being a friendly critic. I know Eduard Pestel and Mike
Mesarovic understand this role that IIASA would like to play.

We decided for purely pragmatic reasons to start with the
work of Mesarovic-Pestel. They were ready for such an ex-
change and Professor Pestel has been an advisor in IIASA's
development. In no way whatsoever does IIASA by its desire
to host this particular meeting assert that we think this
modelling effort is the best one available, nordo we as an
institution necessarily endorse any of the conclusions of
this modelling project. Our choice of this project does not
imply that IIASA thinks that the modelling or data collection
techniques used by the Mesarovic-Pestel task forces are appro-
priate or correct. In other words, we wish to strike a
neutral pose in all these matters. We do assert, however,
that we think that the problems addressed in these symposia
are important ones for humanity, and we do hope that by such
open and frank discussions of these methodological issues we
collectively will become more sophisticated, more accurate,
and more relevant.

As you undoubtedly know, the Club of Rame has played
an imaginative, constructive role in partially supporting
several global modelling efforts, including the present work
of Mesarovic-Pestel. Although IIASA and the Club of Rome
are quite distinct entities, we share many aspirations.

Thank you for attending this symposium. We lock forward
to your participation.
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Introduction and Overview of the Symposium

Prof. Pestel expressed his thanks to Prof. Raiffa as
host for the conference. IIASA played an important role in
providing a forum for exchange of information on the scientific
background to global modelling studies. Essentially, the
present meeting would provide an opportunity for open discus-
sion, not only of the conclusions so far reached in the pro-
ject but on methodology. Prof. Mesarovic also thanked
Prof. Raiffa and IIASA for providing the means by which a
valuable exchange of views could take place. He emphasized
that the project was concerned with specific problems: the
modelling techniques were dependent on the specific issues
treated in the project, i.e. food and energy, etc.

Prof. Pestel then presented his paper on motivation,
objectives, and conceptual foundation of the project.
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Motivation, Objectives, and Conceptual Foundation

M. Mesarovic and E. Pestel

If you--as I believe--agree with me that honest, genuine,
dedicated motivation is the most important prerequisite for
doing a good job, be it in business, administration, or re-
search, then you will find it a natural beginning of this
symposium if I tell you first what moved Prof. Mesarovic and
myself to undertake the quite demanding task of developing a
new construct for the description and study of certain world-
wide critical relationships, a new world model, as it is
somewhat improperly called by most people.

First, there is the conviction--shared by some half a
dozen members of the Club of Rome that met in 1969 in an
Austrian mountain village to spell out their concern for
future world development, and to which I had the honor of
belonging already then--the conviction that the world was
beginning to face a cluster of crises of unprecedented type
and magnitude that might very well appear during, say, the
next fifty years, in fast succession, especially if measured
in historical perspective.

It is this cluster of crises which the Club of Rome has
characterized as the "world problematique" in order to draw
attention to the uniqueness and magnitude of the problems
involved, and to the extreme difficulty in understanding the
evolving situation, not to mention finding a remedy and means
to avoid disaster. What are some primary characteristics of
the world problematique which set it apart from earlier events
in world history?

1) The problems are global: for some of them, as, for
example, in the case of the energy crisis, this is
quite obvious. For some others, for example, the

threat of starvation in particular regions, the global

character is felt through either socio-political or
economic interdependence. The global character of
the problems makes them very difficult to solve at

the national and regional levels which more often than

not have conflicting concerns.

2) The changes are felt through the entire society.

Economic, technological, environmental, socio-political

and many other aspects appear to be interacting in
such a way that what might appear as a desirable
strategy in one domain only makes the situation
worse in others. It seems, as was often stated,
that everything is related with everything else.
This hinders the solution of problems by traditional
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means designed solely within one domain, i.e. tech-
nology, economics, environment, etc.

3) There is a conflict between short and long range
actions and goals. A short range solution often
only compounds the long range problem, making it
worse when it reappears the second time around.

4) There are considerable delays between the time when
a corrective action is applied and that when its
remedial action is felt. For example, a successful
population control policy aimed at achieving an
equilibrium level of population will take thirty to
fifty years, and possibly more, until such a goal
is reached. Delaying the action until the "last
minute" will nullify any beneficial influence it might

have had.
5) Traditionally, crises were the results of negative
actions by man or nature. The current crisis, in

contrast, seems to be the result of actions tradi-
tionally considered as most desirable; e.g. to have
a large family, or to use as much energy as possible
to save human labor, or to exploit nature to the
utmost for the benefit of man. The adjustment will
have to involve changes in the basic value system
traditionally considered as sacrosanct.

These are certain essential aspects of the world prob-
lematique as we see it, which led ns from the very beginning
of our work to look at the world as a whole, and not just at
national or regional problems and crises in isolated fashion.
Next, let me make a few remarks about the history of our
project, because this leads up to our second motive for under-
taking this challenging enterprise.

In 1970 the Club of Rome was in search of a methodology,
both practical and comprehensive, which could be applied to
its envisaged global modelling project on "The Predicament of
Mankind." During that process Prof. J. Forrester made a
presentation of his industrial and urban dynamics methodology
to the Club of Rome at its first Plenary Meeting in Eern.
Support was obtained from the Stiftung Volkswagenwerk to
enable him to carry out a preliminary test project. He
developed the first world dynamics model in rather abstract
terms and then entrusted its further refinement and documen-
tation to his student and associate, D. Meadows. This led
ultimately to the development of the model World 3 which was
presented for a rather general audience in the highly suc-
cessful book Limits to Growth.
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When I first, so to speak, inspected the Meadows project
in early 1971, half a year after it had gotton underway,
in my capacity as a member of the Executive Committee of the
Club of Rome, I realized with some disappointment that the
project, when completed, would not satisfy the objectives
of a world modelling project as envisaged initially by the
Club of Rome. This was due not to any lack of effort on
the part of the participating researchers, but rather to the
inherent shortcomings of the methodological approach. Now,
while I was at MIT, it happened that Prof. Mesarovic gave
an introductory lecture of the multilevel, hierarchical ap-
proach to the analysis and control of large scale complex
systems that he had developed at the Systems Research Center
of Case Western Reserve University during the past ten years.
Here, for the first time, I became acguainted with this
theory, which is described in his book Theory of Multi-
Level Hierarchical Systems and has further been developed
in his forthcoming book General Systems Theory. It was
guite apparent to me that this was a much more sophisticated
approach that would have a better chance to reach the goals
which the Club of Rome had set itself when it conceived its
major project, entitled "The Predicament of Mankind." Hence,
on the spot, Prof. Mesarovic and I designed and initiated
the first stages of what later became a rather sizeable pro-
ject which was then also supported by the VW Foundation.
Obviously, this was to be a much more ambitious attempt than
the Forrester~Meadows study, and at this symposium we shall
publicly describe our findings so far for the first time and
in full.

Our presentation will provide enough material to support
this contention. Here let me illustrate only what difference
it makes in terms of the essential theses which embody the
conclusions, the results of analysis, and the strategy for
remedy of the world situation, using on the one hand the in-
dustrial-urban dynamics methodology of Forrester, and the
multilevel, hierarchical systems methodology in our project,
on the other.

The Forrester-Meadows theses regarding the world problema-
tique can roughly be summarized as follows:

Forrester-Meadows Theses

a) The world can be viewed as one system.

b) The system will collapse sometime in the middle of
the next century.

c) To prevent collapse an immediate slowdown of economic
growth must be initiated, leading to no growth in a
relatively short period of time.
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For the sake of contrast, the results of the analysis in
our project can be presented in the following form:

Our Theses

1) The world can be viewed only in reference to the
prevailing differences in culture, tradition, and
economic development. The world can be viewed as
a system only in terms of interacting regions: a
monolithic view of such a system is misleading.

2) Rather than collapse of the world system as such,
catastrophies or cocllapses on a regional level
would occur possibly even long before the middle of
the next century, but in differnt regions, for
different reasons, and at different times. Since
the world is a system, such catastrophies will be
felt profoundly throughout the entire world. Causes
for such potential catastrophies are the population,
food, and economic relaticonships in Africa and
South Asia; energy and raw material scarcity and pro-
duction growth in the developed world; employment
and population relationships in Latin America, etc.

3) The solution to such catastrophies of the world
system is possible only in the global context and
by appropriate global actions. If the framework for
such joint action is not developed, none of the
regions will be able to avoid the conseguences.
For each region, its turn will come in due time.

4) Such a global solution could be implemented only
through selective and balanced growth, not uniform,
but greatly differentiated throughout the world.
From the viewpoint of the total world system this
means growth analogous to organic growth rather than
undifferentiated growth. It is irrefutable that the
second type of growth is cancerous and would ultimately
be fatal.

5) Thé delays in devising such global strategies are
not only detrimental and costly, but deadly. It is
in this sense that we are truly talking about a
"strategy for survival."

With these theses in mind, Prof. Mesarovic and I then
formulated the following two basic objectives in ocur project:

a) to develop a system's representation of the world
development process that can provide us with an insight
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into the causes and effects within such a system,
and subsequently allow us an assessment of alterna-
tive sequences of events that might take place in
the future; and

b) to develop a planning and decision-aiding tool that
can be used for the evaluation of alternative poli-
cies and be applied in practice when searching for
solutions of various problems involved in the prob-
lematique.

Both these objectives require a computer-based model of the
system involved. This is no mean task and we shall have
quite a bit to say as to the methodology, assumptions, data,
and other aspects of the model-building process.

What are the goals we want to accomplish with our pro-
ject? They are again twofold. The first goal is action-
oriented. We are convinced of the reality and gravity of
the crisis conditions enveloping the world system, as well
as of the urgency of searching for solutions and indeed
applying them. Having this conviction, it is our responsi-
bility to do our part in initiating such a process. As a
matter of fact, we hope that the computer-based planning and
decision-aiding tool developed within our project will be
actually used and thereby influence future developments. In
this respect our project is not an academic exercise but an
activist's response to concern. The ultimate success will
have to be measured by the influence and the consequences
the project will have in practice. The second goal is academic.
We do not share the prevailing cynicism regarding responsi-
ble policy- and decision-makers. Of course, they act too
often in their own interest and with the time horizon for
which they are elected or appointed. But it is also true that
they are not being helped to any worthwhile extent by the
academic community to plan and act otherwise. 1Indeed, it
might be argued that by and large the decision-makers are
perhaps more aware of the problematique than the family of
scientists. There are possibly two reasons for this:

(1) The academic concerns revolve around academic disciplines.
Yet the real world, particularly under crisis conditions,

is not divided into nice compartments as our universities

are. (2) The research in academic disciplines is by tradi-
tion analytic and oriented toward the past. The world prob-
lematique, however, requires an orientation toward the future
and indeed over a rather long time horizon. It is surely not
to be denied that the future is conditioned by the past, by
historical patterns of development. However, it must be ex-
pected to be also fundamentally different, and its analysis
requires a different mental attitude and a different metho-
dological approach than is applied to the classical scientific
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domains. Future events will take place under conditions
fundamentally different from the past, whose texture is
far more interwoven than ever before. It is therefore neces-

sary to develop a basis for such research on an interdisci-
plinary basis; and it is our second goal, by developing a
solid foundation for the study of future development pro-
cesses, to enable the mobilization of many good minds in
academia not only for a better understanding of these
problems--possibly the most challenging in our era--but also
for a salutory engagement in the search for solutions. I
might add here: It seems that the great turnout for this
conference offers proof that this second goal is already
heing approached.

When developing a model for a real-life system one does
not describe all the relationships that actually exist. 1In
principle, there would be no end to such a process. Rather,
one considers only those relationships which seem to be rele-
vant for a certain objective, i.e. for a certain issue or
problem of interest. The validity of the model and the
usefulness of the analysis based on such a model depend on
how judiciously one selects the relevant relationships. 1In
the case of the world system we are interested in a very
long term development, e.g. in the order of fifty vyears,
and the relationships selected--econimic, social, technologi-
cal, ecological, etc.--reflect that fact. So it is not a
"model of the world" that we are constructing but rather a
model of certain world-wide relationships of importance
for the assessment of alternative long term trends in global
Jdevelopment.

The key problems in developing a model of the world
system are complexity and uncertainty. Complexity results
from the enormous number of variables and relaticnships
involved and the different ways in which the total system
can be viewed. Uncertainty is the result of our ignorance
of certain aspects of the system, of the essential unpre-
dictability of events in the future, and of the subjective
facters involved in value judgments, political actions and
the like that affect or are part of the system. Success
in developing a model for a large scale system depends on
how well these two problems--complexity and uncertainty--are
handled.

The complexity of the world system appears in two ways:
(1) by the number of its constituent parts, i.e. countries;
(2) by the interaction of a diversity of factors that must
be taken into account, and that are traditionally considered
in separate and unrelated domains of human knowledge, i.e.
scientific disciplines such as economics, demography, ecology,
technology, social and political science, etc.
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Regarding the constituent parts of the world system it
is essential to recognize that the present system is at
the same time one and many. It is one because of the ever-
increasing interactions between its various components, and
it is many because each of its geopolitical constituents
has had a different past, has a different present, and will
have a different future. Recognition of both of these sides
is a sine qua non for a world model if it is to be accepted
as a credible representation of reality. We have solved that
problem by representing the world system in terms of ten
mutually interacting and interdependent regions.

The selection of the regions is made in reference to

shared traditions, history and style of life, stage of economic

development, socio-political arrangements as determinants of
economic and political management, and commonality of the
major problems to be encountered in the future. Our model
does not presuppose any formal or informal regional supra-
national arrangements, although we believe that some such
arrangements will be necessary for a balanced development of
the world.

The second aspect of the complexity of the world system
15 approached by a methodolocy we call "stratification.”
It involves two steps. In the first step one describes a
given system using different scientific disciplines and
thus derives appropriate models of the system consistent
with the laws and principles of the given disciplines; in
our case, we consider a given rvegion and describe it in
terms of economics, population change, ecology, technological
transformations induced by man, etc. In the second step all
these models (which, again, refer to one and the same system
in space and time, but viewed from a different angle) are
arranged in a hierarchical structure so as to form the total
system model. Each of the models or rather submodels is
considered as being on a different level in the hierarchy,
referred to as stratum, ard the whole procedure of describing
a large system in this way 1s termed stracification.

The type of representaion used for the processes on
different levels depends on the scientific knowledge and data
available, and ultimately on the nature of the processes in-
volved. Regarding the latter we recognize two types of
systems representation: causal, in which the system is de-
scribed in terms cof canse-e fcct relationships, i.e. in a
passive manner, and goal-secking, in which the system is
represented in reference to certain objectives or goals
and the ways it responds to the changing environment to
preserve thouse goals. The lower strata are represented in
general as causal while the higher are represented as goal-
seecking. The causal strata can be represented, at least
in principle, by a computer model, depending on the data

and information available. For the representation of a goal-seekin
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model we use, in general, a man-computer combination in or-
der to be able to reflect the uncertainty and adaptivity
involved in human judgment and behavior and in its value
base. 1In such a combination, the quantitative and logical
aspects of the goals as well as the options from which a
response has to be selected are represented on the computer;
the actual selection is being made by man who, through his
choice, reflects his own judgment of the situation.

The problem of uncertainty we approach similarly through
a man-machine combination. The computer model, after its
construction, is an open model in the sense that there is
a set of parameters or inputs that are not, or at least not
fully, specified but rather only in terms of a range in
which they must lie. The model cannot "run" without these
parameters being specified; it therefore is not "closed"
and cannot "predict" the future by itself. It needs the
help of man, who through the selection of the unspecified
parameters reflects a view as to the outcome of the uncer-
tainties.

Two processes are used in such a choice procedure,
scenario analysis and interactive mode analysis. In the
scenario analysis, one postulates a sequence of plausible
events which determine the choices to be made which are then
applied to the causal part of the model, and hence the
evolution of the system in time is described and analyzed.
If the uncertainty prevails, one tries a whole set of
scenarios. '

As an example, assume that one would like to investigate
the prospects for economic development of a region over the
next twenty years and is given as a scenario variable the
savings as a ratio of the total national income which can
be used for investment. Although the changes of the savings
ratio over a past period is very helpful in deciding on the
values of the ratio for the future, the choice ultimately
depends on the regional socio-political conditions and one's
own assessment of what kind of change will prevail over the
fulure time period of concern. Such a selected change of
savings ratio is applied to the model and the effect of such
a choice on the future developemnt is observed. The likelihood
of such a development taking place depends upon the likelihood
of occurrence of the selected input. In order to arrive
at a more definite conclusion one tries in general an entire
spectrum of alternative scenarios. If the analysis of the
computer runs for all of them leads to essentially the same
conclusion, such an event could be expected with a higher
degree of certainty, e.g. if the capital transfer to certain
developing regions is kept below certain levels, such that
they cannot reach the economic take-off point for a whole
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set of alternative regional development policies, then the
necessity for transfer of investment at least above a given
level is inferred.

In the second type of analysis--the "interactive mode"--
the inputs to the causal part of the model are not fully
specified for the entire period of time, but rather, in
increments; after an incremental input is applied to the
computer model the next increment is applied only after the
response of the system to the earlier input is evaluated.

The policy analysts, decision-makers (or members of any staff
participating in the planning or decision-making process)
analyze the outcome of applying an increment of the input
and specify the next increment on the basis of the response
of the system and the desired direction of development. The
interactor, who observes the evolution of the model through
time and specifies the incremental inputs when needed,
becomes actually part of the model; i.e. the total model is
a man-machine symbiosis in which man provides judgment and
value assessments and the computer provides logical and
numerical operation.

In conclusion, several remarks regarding the particular
view of the world should be mentioned:

a} The difference between the methodology used here
and prevailing techniques used in other types of
modelling by computer should be noticed (e.g.
systems dynamics, linear programming, etc.). Our
approach is not based only on a numerical repre-
sentation of the system nor only on an optimization
algorithm for narrowly defined criteria. Rather,
it includes qualitative and logic-type relationships
whenever appropriate, and also relies on the
heuristic approach to decision-making, involved in
a manner consistent with institutional and time
constraints.

b) The construction which we have developed could be
more appropriately called a planning and decision-
aiding tool for policy analysis, rather than a
computer model in the traditional sense, though a
model is part of the construction of the tool to
be sure. However, it is not a "predictor" but
rather an extension of one's logic and an
implementor of one's vision of the future.

c) It is often stated in reference to the present
energy or environmental crises that it looks as
though "everything depends on everything else,"
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and furthermore that it is a consequence of

the complexity of the system that it is "counter-
intuitive." From the viewpoint of stratified
systems, however, it is not the complexity of

the system which makes it "counterintuitive,”

i.e. hard to comprehend, and makes it also tightly
coupled, forming a "mess" hard to control; rather,
such a state of affairs is a sign that the system
is in disorder, in a crisis. Under normal circum-
stances the strata in a hierarchical system are,

by and large, independent and remain so, as long

as the behavior of each is satisfactory. Under
crisis conditions, however, when various strata
cannot cope with the changes in their environment
they merge into one, with the result of everything
becoming dependent on everything else and the total
system becoming counterintuitive. It is only
because of such relative independence between strata
under normal conditions that the world appears
comprehensible. How else would progress over so
many centuries have been possible? This observation
is of importance when considering the remedies
which are needed to bring the system out of the
crisis and into a "normal"” set of conditions. What
is needed is not to change the path of development
by outside steering into the direction of further
growth or no growth. What is needed is a restruc-
turing of the system so as to return to the "normal"
type of conditions where the subsystems are in mutual
harmony so that each of them, by solving its own
problems, is contributing to the solution of the
whole. The analysis of present-day and future
problems and crises during the next days will
indicate that a "horizontal" restructuring of the
world system is needed in order to solve energy,
food, and other crises; i.e. the solution is
feasible only if the problems of needs and supplies
are approached in the global context. And it is

in this sense that the world is at the end of the
era of independence and at the threshhold of a new
era of global development, an era which is born

not out of good will and generosity but out of
necessity.
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Overall Methodology of Model Construction and Its Use

As A Planning Tool

prof. Mesarovic opened the discussion on overall
methodology of model construction and its use as a planning
tool. First he outlined the major characteristics required
in the modelling activity for the project. They were:

a) regionalization,

b) multi-level stratification, and

c) man-machine symbiosis.

For regionalization it was necessary to represent ten inter-
dependent and interacting regions:

1) North America,

2) Western Europe,

3) Japan,

4) rest of developed countries,
5) Eastern Europe,

6) Latin America,

7) Middle East,

8) Africa,

9) Southeast Asia, and

10) China.

For some analyses it was necessary to aggregate the regions
into total world:

2 regions (1) to (5) and (6) to (10),
3 regions (1) to (4): (5) and (6) to (10,

4 regions (1) to (4): (5): (6) to (9), and (10).
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In some cases a regional model based on 11 regions was used,
dividing region (9) (Southeast Asia) into two regions (9%a)
(Pakistan, India, and Bangladesh) and region (9b) (the
remainder) .

Prof. Mesarovic went on to discuss the basic requirements
for regional models and introduced the concept of stratification.
Stratification was not only necessary to consider problems
from the level of population groupings but also from the point
of view of goal setting and causation.

With regard to handling the complexity, in general the
philosophy was to try to understand the system at a higher
level of aggregation, and then proceed to select the most
appropriate level at which to interact with it. As an
illustration of how strata were crossed in the project,

Prof. Mesarovic used the food model as an example: agriculture
was obviously a prime area of examination particularly with
respect to protein availability, e.g. possible changes in
main crops, the economic consequences of agricultural policy,
and the relation between protein availability and mortality.
The linkages between the food model and the population model
were obviously extremely important as was the necessity to
take into account all the factors which could limit growth
in these areas. Prof. Mesarovic stressed the differences
between a monolithic view of the world and the regionalized
and stratified concept expressed in the project. Diversity
had a high value in survival but diversity and stability
represented two opposing forces.

In the use of the models, the essential method was a
computer interaction by the researcher at both the decision
strata and causal strata level. At the policy level of the
decision strata a set of policy options was presented, and
at the strategy level options were available to the decision
maker and through computer interaction he could appreciate
how good these options were to achieve the selected policy.
Finally, at the implementation level, the consequences of
the selected policy and the chosen strategy would be demon-
strated. In this sense the system of models was essentially
a practical tool to enable decision makers to make forecasts.
Thus. the philosophy of the project was based on the need for
scientists to contribute, through model building, to the
solution of real world problems.



Discussion

The short discussion of the introductory papers by
Prof. Pestel and Prof. Mesarovic centered on two areas:
methodology and optimization.

Data Problems: Methodoloqy

There were obvious gaps in the data and a major problem
was how to identify the relationships when such gaps were
important. 1In such a case assumptions on the relationships
involved were necessary. Other problems were related to the
future evolution of the system, for example, the maximum
yield to be obtained from fertilizers for different types of
soil. A technique of analysis for "future" data was necessary.
In this connection some participants raised the problem of
identification of endogenous and exogenous variables in this
type of modelling activity. Prof. Mesarovic stressed the
need for a reasonable balance in this respect; the model-
building activity was concerned with issues and these issues
dictated structure and provided the basic parameters. Other
comments related to the possibility of a utility index and
pricing factors for the allocation of scarce resources.

Optimization

One participant raised the problem of how optimization
of individual well-being in specific regions could be built
into the models. In discussion it was pointed out that it
might be premature at this stage to introduce optimization:
this would become relevant at the level of practical appli-
cation. Prof. Mesarovic was of the opinion that it would be
academic to try to determine what is optimal for individual
parts of the model: it was necessary to look at the system
as a whole. Another participant stressed the difficulty of
the problem of identification in making new policies:
this was bound up with the general problem of the level of
confidence which could be placed in the reality of the models.
In replying to this discussion, Prof. Mesarovic stressed the
main concern of the team: they were essentially concerned
with critical world-wide relationships in areas of obvious
global significance rather than with issues of fine adjustment.
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Discussion on

"World Population Model and Analysis of

Population Policy"
by Dr. W. Paul

Technical Clarification

The first guestions and comments following Dr. Paul's
presentation were addressed to the technical and mathematical
properties of the population model. Prof. Pestel briefly
showed the sensitivity of population projections and of the
starvation feedback to the age profiles at any point in time.
He also pointed out that the age profile for any steady state
population depends entirely upon the mortality statistics
and thus is independent of the level at which the population
is stabilized and the policies used to bring about the
steady state.

A participant asked whether the dependence of fertility
and mortality rates upon the standard of living had been
examined. Prof. Pestel replied that such relationships were
difficult to model functionally. The group therefore felt
on firmer ground in examining the effects of population
measures instead of modelling these as effects deriving from
changes in living standards. A number of tools could be
applied to achieve the desired population policy but it was
upon the effects of this policy itself that attention was
focused. Prof. Pestel noted also that the necessary changes
in real income to achieve the desired population effects
might be so infeasible as to lie outside the realm of policy
options. Thus, it is not useful to say that China needs only
a tenfold increase in per capita real income whereupon its
fertility will drop to more satisfactory levels.

One attending scientist argued that a population equi-
librium result was impossible in that the policies applied
would most likely overshoot and lead to a declining population.
It was agreed that no constant mix of measures would lead to
a perfectly steady population but argued that subsequent
adjustments could lead to a population level stabilized within
sufficiently narrow bounds. Another participant pointed out
that the strategy of encouraging prospective parents to wait
had not been included in the model.
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The Mode of Presentation

Prof. Rademaker* praised the development and presentation
of the population model but urged the group as modelling
colleagues not to couch their findings in chiliastic terms.
Specifically one should avoid such stirring closing sentences
as the claim to have "demonstrated convincingly the urgency
of drastic population measures in order not to let nature
take its cruel course." The model is after all a model and
as such depends vitally upon its conceptual assumptions. It
should not indiscriminately be confused with the real world.
The projected time to equilibrium population of seventy years
depends crucially upon the specific conditions assumed-~-this
was confirmed by Dr. Paul--and should not be presented as an
rmmutable law.

Prof. Mesarovic agreed that models should be constructed
and used in flexible ways. When, however, a family of models
is derived from reality in such a way that reality under a
broad range of assumptions seems to fall within the family
and when the entire family leads to a calamitous conclusion,
the modeller has the responsibility to report this. The
group has sought not simply to develop a model but to analyze
its relationship to reality across a broad range of sensitivity
checks. The medical examination of a child may be intended
originally as no more than an academic demonstration, yet if
the child is found to be sick, it should be reported. Prof.
Mesarovic agreed that seventy years was no magic number for
the achievement of a constant population level but noted
that even more pessimistic was a recent UNESCO study predicting
that the world population would grow for at least a century.

Prof. Klein pointed out that many of the equations
presented were mathematical truisms and as such not subject
to validation. He urged the expositors of the model to make
clear just where were hidden the behavioral assumptions that
could be subjected to validation and which might lead the
model projections to stray drastically from reality. Without
such validation, he questioned the wisdom of making projec-
tions out to 2100.

Prof. Pestel stated that none of the group would argue
or expect their scenarios for the year 2100 to be even
approximated. The run to that point was made partly out of
curiosity and partly to firmly make the point that the
assumptions underlying the model would have to change. He
reminded the conference that the population model was not
designed to be run in isolation but to be used in conjunction
with other models and other assumptions.

*

Prof. Rademaker has asked that a verbatim record of his
remarks be published in the Conference Proceedings, and they
appear in the next section.
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Prof. Rademaker's Remarks

Prof. Rademaker of the Eindhoven University of
Technology, Project Group Global Dynamics: Mr. Chairman,
I think many of us have read this paper with considerable
interest, if only because of the interesting differences
between various regions it reveals. But, being among our
own kind as people who work with systems and modelling
approaches, it appears to me that we have an obligation
to warn each other as soon as there is a chance that we
get too much faith in our models or that we lose sight of
the thin line dividing models from reality.

After all the reservations and qualifications that
were made this morning, this paper ends with: “[this]
demonstrates convincingly the urgency of drastic population
policy measures in order not to let nature take its cruel
course." If I may paraphrase this sentence: this demon-
strates convincingly how easily the mind slips from findings
based upon a certain model to conclusions presumed to be
valid in the real world. Personally, I am inclined to
believe that the conclusions are correct, but the step
from model to reality should not be made without seriously
considering--and reconsidering--all "if's" and "but's."

It should be a well-considered, conscious step and not
something obviously self-evident.

A related point was, in fact, already raised by
Mr. de Julio when he asked about those seventy years that
seem to be the time needed to approach equilibrium in
almost all "scenarios."” Before those seventy years become
a holy number, we ought to ask ourselves the question,
"are they characteristic of the world or are they charac-
teristic of the model's assumptions?"

In my opinion, this figure has come out because the
only change has been simply a change in fertility, chocsen
so as to ensure equilibrium in the long run. There cannot
be any doubt that this is a very interesting exercise but-~--
again--this should not be translated into the real world
without a very thorough rethinking of the whole subject:
people are not very likely to behave in such a way as to
stabilize the population seventy years later. The actual
development might be either far worse or far better. For
example, it is conceivable that food-per-head, cultural
aspirations, education, and the like do not simply change
a fertility coefficient, but may give rise to one or more
feedbacks based on comparison of the actual development
with the desired development. As any control engineer
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can tell you, this may reduce the dominant time by a very
considerable amount indeed (pole-shifting). Maybe we are
witnessing such a process now in West Europe and North
America.

So it is important to realize that the seventy years
is a not a natural constant but the consequence of building
a particular assumption about the change of fertility into
the model. Here, again, the step from the model to the
real world should not be made without considerable caution.
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Discussion on

"Food Production and Nutrition Model"
by Dr. P. Clapham

Technical Clarification

A participant inquired how ocean fishing fit the
assumptions of food as a return on capital in a regionalized
world. Dr. Clapham responded that the problem was tough--
in part because the oceans are a commons and thus cannot be
regionalized. He noted though that only certain areas--
estuarial waters and upwelling zones--were especially suited
for fish productinn. A geographical model would be necessary
to study the situation in detail, but the finiteness of
productive fishing zones was--through data on present
operations--already incorporated in the model.

Several members of the audience, in noting the
dependence in the model upon available agrarian land, inquired
how the possibility of feed lots might be incorporated. Dr.
Richardson explained that the most capital intensive end of
the livestock scenario included existing feed lots. As live-
stock becomes still more capital intensive, the proportion of
feed lots would grow. Prof. Bruckmann pointed out, however,
that by the assumptions of the model the fraction of cattle
in feed lots remained constant.

One participant was bothered by this assumption that
fractional proportions of land use remained constant. Why,
for instance, should the ratio of land for cereal foods to
non-cereal vegetables remain unchanging? Would not a way of
avoiding or minimizing starvation be to shift to foods with
the highest caloric and protein content for the reserve units
invested. Dr. Clapham conceded that the model could have
allowed changing proportions of land uses. He argued that,
as the modeller, he had judged that making this factor an
additional exogenous variable was unnecessary and unwarranted.
It was unnecessary because their research showed that the
ratios remained relatively constant, and it was unwarranted
because of the additional complication this would have
contributed to the model.

Two scientists had reservations about the single term
treatment of capital investment based upon data from fertilizer
yields. This assumption, they felt, rooted the model irrevocably
in the past. Dr. Clapham responded that you could certainly
trade off fertilizers against farming more land but felt that
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the fertilizer-yield relationship was fundamental enough that
one did not need to incorporate explicitly such factors as
machinery and biocides. The green revolution, for instance,
was simply the use of new crops which had been developed to
respond dramatically to fertilizers.

It was then argued that this simple measure of output as
food per capita missed important considerations as the dis-
tribution of food geographically and over the age profile.
This distribution would affect the starvation margin but
itself depends upon such uncapturable variances as the way
that money is lent. Dr. Clapham said that preparations
already were underway to include the distribution factor in
the next generation of the model.

Ecological Considerations

It was pointed out that the productivity of various units
in the food model would be vastly affected by environmental
pollutants. Food production would in turn contribute to
overall despoliation of the environment. Prof. Mesarovic
answered that pollution models were under development, would
be presented later in the week, and would be incorporated
within the model.

A participant pointed out two areas of special concern:
that biocides injured the ecosystem and that the genetic pool
of the world's animals might be endangered in an important,
unknowable way that was not addressed by the model. Dr.
Clapham felt that the majority of the animal species could
exist on the untilled land. He admitted a reservation of
his own: that a drawback of the green revolution is that,
without careful preservation, the older plant varieties might
be forever lost.

Prof. Leibnitz noted that good results had been obtained
through fertilization over the past half-century but wondered
about the stability of the synthetic soil system that was
being built up. Dr. Clapham agreed that this problem was of
urgent concern but regretted that he had been unable to find
any treatment of it in the ecological literature.
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Discussion on

"Integrated Food Supply and Need Model and Assessment

of Long Term World Food Crisis"

by Dr. J. Richardson

One participant noted that land reform measures were not
a salient part of the model and wondered if this might not be
a failing. Dr. Richardson said that his own experience had
indicated the importance of land reform and hoped that it
would be more explicitly treated in later versions. Prof.
Pestel agreed that American productivity figures required
land reforms to achieve the economies of large scale operations.
He also showed how the model was able to regard productivity
as the function of fertilizer capital with the assumption that
significant changes in land holding policies would shift one
to a different functional curve within the class of functions.

The discussion turned toward the philosophy of the
rodelling and the modes of its presentation. It was argued
that, from a practical viewpoint, the most important aspects
of any modelling effort were its policy handles which were
felt here to be insufficiently clear. Another participant
restated this as a fundamental skepticism for general purpose
isimulators. He urged that they be question-specific and
~3ked what questions had guided the construction of this
model and how they had been chosen. Prof. Pestel said that
the model had not been specifically geared toward answering
questions, but that important questions--as in the energy model
to be presented tomorrow--had arisen in the course of the work.
Prof. Mesarovic agreed, but sensed that concern over the food
supply had been a focal point from the start. Prof. Dantzig
felt that there was an adequate fundamental question for any
model in the prospect of millions of babies starving to death.

A scientist stated his personal axiom that any modelling
work should be accompanied by an estimation of possible error.
His own modelling work had run World 3 under what he judged
to be reasonable error assumptions. It showed that after a
number of years these errors were so compounded that the final
probability distribution was impossibly broad. As a philo-
sophical aside he repeated the opinion of political science
that the only valid model is adaptive learning.

Prof. Mesarovic said that his group was concerned about
possible error, and strove to make the model clear. He noted
that certain findings were error—-free. Prof. Pestel said that
after many favorable assumptions had been made, all scenarios
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still led to the blackest of results. Their tentative
conclusions were thus couched in these terms and did not
rest upon assumptions of infallibility.

A participant summarized his own reaction to the food
and population presentations. He felt it critical to identify
normal states of the world model as these would affect many
constraints. We all agree that population for the immediate
future will continue to grow. Our task is to extrapolate
this growth and to apply a feasible control policy. We
should work to reduce the fringe at which food acts upon the
population. His personal view--although it may be a hope--
is that education will have more effect upon population than
will the shortness of food.
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Discussion on

"The Energy Resources Model"

by Dr. H. Maier

and
"The Energy Supply Model"
by Dr. H. Bossel

Discussion was opened by Prof. Hafele, who questioned
the hierarchical approach to energy problems followed by
the Mesarovic-Pestel group. The group's view of energy
problems seemed essentially to be regarded mainly as a
question of resources supply. He suggested that the question
of resources in other areas should be considered in the
long-term perspective of unlimited amounts of energy.
Secondly, he questioned the assumption of a constant growth
rate of energy consumption, valid for all periods in the
model; a levelling-off parameter dictated by constraints
other than resources might be a better approach. He
stressed that the long-term perspective of unlimited
amounts did not amount to an easy future. The price we
might have to pay in case of the solar option was the
possibility of creating an unforseeable impact on climate;
the geothermal option if used on a large scale might
increase the risk of earthquakes.

Prof. Pestel agreed that the energy resources problem
might have been overemphasized, but at least for the
transition period this procedure was applicable. The
time span considered was one in which certain resources
problems would dictate the policy choices. The model
served to investigate certain allocations of available
resources; ultimate resources were outside the period
considered.

Prof. Manne also considered that the hierarchy of
energy problems should be reviewed. He did not agree
with the technical parameters for solar energy incorporated
in the model: he did not think that the water split options
involved were "on the shelf of things that could be ordered
from the technologists of the near future."

Then followed a longer discussion about advantages and
disadvantages of simulation on the one hand and optimization
on the other. Prof. Manne emphasized that optimization
models permitted the calculation of marginal costs, whereas
Dr. Bossel remarked that the use of optimization algorithms
as a direct decision criterion was not applicable.
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Dr. Shubik asked for more information on the scenario
structure. From the user's point of view was this in terms
of numerical reaction of inputs, and if so, how many para-
meters would have to be supplied to initialize this model?
Dr. Bossel repled that for this model about 100 parameters
had to be specified in time series. Ten basic equations
had produced most of the results presented. It could be
programmed in one hour. Specific inputs with respect to
coal, o0il, gas, and nuclear power were provided. A more
complicated model would take two days to prepare and run.

Prof. Leibnitz was surprised that the energy supply was
absolutely correlated with demand. Demand in dirferent

regions of the globe would increase at different rates,

and there was no possibility to include transportation and
distribution options in the model. For some regions,
assumptions on the investment cost of distribution would be
necessary.

Another participant pointed out that the model did not
assume any particular decision making structure on a world
or regional scale. When a policy option was being studied
using the model, this was in scenario form.

Prof. Mesarovic pointed out that this was one of the
reasons why optimization in the classical sense had not
been used. The testing of policy options had the character
of an interactive analysis as a tool for the decision
makers. This could highlight what options were available
to which regions.

In conclusion, Prof. Hafele expressed the view that
in the long-term perspective the problem of our technology
and energy and the unlimitedness of energy could possibly
have an alleviating effect on other material shortages.
The use of optimization methods (e.g. price optimization)
by the IIASA Energy Project was relevant to the transition
period: it was in any case only one facet of IIASA's work
in energy systems.
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Discussion on

"The Energy Demand Model"

by Prof. B. Hughes

The very short discussion was opened by Prof. Koopmans
who observed that in the model as presented, energy use per
capita is based on a single causative factor, namely GNP.
In most demand analyses the second most important factor is
price. This factor was omitted from the model. One reason
might be that the single factor GNP gives a good fit in almost
all diagrams. However, there is a negative correlation between
energy price and GNP in several countries in the recent past.
Therefore the effects of price may have been incorrectly
attributed to GNP. But it is important for valid projections
that the relative influences of GNP and of price be distinguished,
because the correlation in question might not continue to hold.
There have been a number of studies which emphasize the role
of user equipment. If that is important, the effect of the
energy price is delayed making it still more difficult to
determine. A second factor would be the population density.

Another question is that of the effect of climate through
its influence on the mixture of heating and cooling demand.
These suggestions were offered for further research into the
relation that determines energy demand, keeping in mind the
intended use of the relationship in simulations.

Prof. Hughes recognized that price is an important factor
(also for feedback), but his suggestion is that the change in
reclative prices in the period 1950 to 1965 was not so substantial
that it was necessary to implement it in the model. Regional
differences in population density, climate, etc., were recognized,
but research into the impact of these differences had not yet
been made in this model. It seemed likely, however, that
regional differences would not have a major influence on the
model.

Prof. Klein remarked that in the period considered by
Prof. Koopmans (an inflationary period), the price of
consuner durables fell considerably. In North America and
Europe, the price of energy consuming items had been reduced
erhaps indicating a wasteful use of energy.

Prof. Mesarovic added that there were other important
factors as well as price. Prices were omitted in the model
hecause of the difficulties of allowing for price changes in
the future.

Prof. Pestel suggested that the problem might be tackled
by starting with different demand curves, and then distort
them by a selection of possible future price changes.
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Discussion on

"The Integrated World Model"™

by Prof. B. Hughes

Prof. Pestel stated that the application of this model,
which would be demonstrated on the computer via Hannover and
Grenoble, had posed a range of different questions. For
example, various scenarios could be played and optimized,
but there remained a question of acceptability of the results.

Prof. Fritsch asked about the possibility of incorporating
the declared price policy of the oil-producing countries,
which was recently put forward by the Shah, in this model.

Prof. Hughes replied that the question of the impact of
that kind of price mechanism on other sources of supply cannot
be satisfactorily answered at present with the help of this
model.

Prof. Pestel mitigated Prof. Hughes' statement by explain-
ing that all these alternatives could be embedded in Bossel's
model. It was necessary to have a single estimate of substi-
tution costs versus oil costs. But even with that model there
would be difficulties because the substitution pattern would
cover equivalent prices; whatever is used for substitution
will determine the substitution cost for the fuel.

Prof. Klein proposed that greater emphasis should be
placed on the question of the extent to which oil companies
participate in the profits from these prices. At present,
prices generate a great balance of payments deficit in the
developed nations, and thus exert severe pressure on interest
rates. This has already caused inflation which in turn
resulted in the oil-producing countries increasing their
prices.

Prof. Hughes replied that it was difficult to know the
impact of capital pull. A number of different procedures
have been experimented with for the transference of capital
from the importing to the exporting countries covering the
various ways of linking back to the investment patterns,
safety, and role patterns of the developing countries.

Prof. Mesarovic added that much more complicated relation-
ships are involved. The real problem was how to compare
different behavioral patterns: cooperation, retaliation, and
squeeze. Other systems which had not been considered explicit-
ly have been assumed in some of the changes incorporated in
the model. There are assumptions which could be tested and,
if necessary, be changed. More complicated systems are assumed
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to respond in a certain way and responses are then incorporated,
e.g. as suggested by Prof. Klein, at what point would the
multi-national oil companies withdraw and their earnings cease.

Professors Hughes and Pestel discussed the assumptions
made by them in more detail when calculating with this model:
the prices referred to the tax element on the o0il from the
Middle Eastern countries. The profits also included transpor-
tation. It was assumed that both transportation and profit
factors were relatively small; furthermore, a decrease in the
proportion of energy costs had not been examined in respect
of its differential impact on regions. They emphasized that
if methodology were the first step in assessing the impact
of certain aspects, it would be necessary to study for those
aspects which had not been considered exponentially, but only
involved implicitly, whether they would override the other
points completely or not. This means on a more philosophical
level that even without the ability to manipulate such a
model extensively it is gratifying to see that it gives the
best results to everyone concerned with the allowance for
the criteria used.
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Discussion on

"The Macro-Economic World Model"

Prof. Rademaker began the discussion by asking why
diagonal elements of the trade-matrix are unequal to zero.
Prof. Hickman said that this is due to the aggregation of
countries to regions. For a nation, diagonal elements would
be zero.

Asked for the accuracy and time scale of data, the
authors state that the data base is the UN-statistical vear-
book, 1950-1970. Where data were not obtainable, data
estimates by UN were used. Prof. McPherson said that the
coefficients in the expressions X = GX * Y, etc. in the
Klein-Hickman model are not constant. Prof. Hickman
answered that these coefficients are assumed to be time-
invarianted but in general they can be assumed as functions.

Dr. Mallmann asked if it was possible that a developing
country could become a developed one within the model.
Prof. Mesarovic declared that there were certain warnings
implemented in the model by which the changed classification
would be indicated.

Dr. Dyokalov asked for the difference between market and
planned economics in the model. Prof. Klein answered that in
the planned economies full employment is assumed, and exports
are assumed equal to imports. Production is first geared to
the needs of the home economy, and the rest is exported.

In the market economies, decisions concerning exports and
imports are made according to their profitability.

Prof. Kulikowski asserted that in Cobb-Douglas functions
the structural factor A(t) * s is assumed as time dependent.
He suggested that the labor share o should change with time.
Prof. McPherson explained that in the long run better and
more complicated constructs than Cobb-Douglas functions were
needed.

Prof. Mottek had two criticisms:

1) exclusion of cyclical fluctuations, which lead to
structural changes and to an increasing role of the
state; and

2) that there are linking problems. There is no sector
which produces technology: therefore crisis possi-
bilities are not included in the model.
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Prof. Mesarovic pointed out that while in the
agricultural model technological and ecological strata
are implemented, in the other models this is, so far,
not the case.

Prof. Hickman said that the capacity utilization or
distributed lag models are not relevant for the model in
the long run. Moreover, there are difficulties in endog-
enizing the activity of the public sector.
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Informal Evening Session

Prof. Pestel in his opening remarks welcomed all
participants and invited them to interact as freely as they
wished in this extra-curricular session.

Model Builder versus Decision Maker

A substantial part of the discussion centered on the
question to what extent models of this kind could be used
by the decision makers. It was obvious that the model builder
himself should be well aware of the functioning, sensitivity,
and limitations of his model. The decision makers (or his
experts) should also have a fair understanding of the model
and an interest in the design of possible scenarios. This
could possibly be achieved by involving the decision makers
themselves in their construction. The model can never be a
presentation of the (real) system, but it should try to be
a representation of the behavior of the system.

Model builders should also be aware of the constraints
on the decision makers' side; e.g. it is very difficult to
find policy instruments which can raise the GNP growth rate.
It is important to try to build policy instruments that can
be made available to policy makers and that involve inter-
actions between available systems and the results one wants
to achieve. This is not only the case on the national level,
but could also be applied to the regional level as provided
by the Mesarovic-Pestel model.

On the one hand, it makes sense to try to endogenize
many variables, including political and social values
(of higher strata); on the other hand, instrument variables
should be exogenized, however, with caution.

Increasingly, the Civil Service is becoming aware of
the value of using models as advice to politicians. To
bridge the gap that still exists, model builders should not
expect politicians to learn everything about the models,
but rather should themselves learn to think and speak in terms
of the politicians' problems, or, even more important, in
terms of the average citizen. If, for instance, people yearn
for peace, security,and a higher quality of life, quantitative
models, alone, cannot provide the answer. These gqualitative
aspects should provide a foundation for quantitative variables.

Model builders should also forget their scientific
caution. 1If they never release a statement unless it is 99%
certain, they would leave the arena free to charlatans with
a much lower level of information.
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Limits to Modelling

Models can never predict the one and only future. 1In
this sense, models will always be wrong. They serve rather
to illuminate interconnected developments.

In the natural sciences control theory was successful
in satisfactorily describing simple systems, but it cannot
be deduced that it is capable of depicting sufficiently well
far more complicated social systems. In particular, socio-
economic models should clearly state the values that they
are (often tacitly) based upon. If these values and the
theory underlying the model structures were clearly expressed,
many misunderstandings could be avoided. The Mesarovic-Pestel
model, it was claimed, does not reflect such dimensions as
politics, poverty, or power (e.g. the multinational corporations
who might control 80% of world trade by the year 2000). From
its basic concept, however, the model is defined in a way
such as to admit incorporation of such a norms stratum. The
model as it stands now is certainly not the last step of
development.

Statistical Accuracy

At first glance, all functional relationships in this
model are of a deterministic kind. Part of the uncertainty
of the forecasts could be expressed by introducing a variance.
It was pointed out that Prof. Blankenship would take up the
topic (analysis of the statistical error) the next day.
Introducing a variance, however, makes the model extremely
fuzzy, even over a medium range. Experiments carried out
in the UK (McPherson), assuming a 90% accuracy over a given
period, no longer resulted in a tangible answer after four
of five such periods. It seems better, therefore, to stick
to deterministic relations, in full awareness of their
limitations.

To tect the sensitivity of the model, one many vary one

variable at a time. This does not, however, take care of
possible interactive (synergistic) effects.

Use of Exponentials

There was some dispute as to what extent it makes sense
to explicitly use exponentials in certain functions. It
is obvious that no development can go on in an exponential
way forever. For a medium range forecast, an exponential
seems permissible insofar as it is not too different from
the lower branch of a logistic curve. Historical data, e.g.
on agricultural fertility, have shown that exponentials
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depict true developments for surprisingly long periods of
time.

Price and Cost

The model does not differentiate too well as to prices
and costs. Furthermore, some variables (like energy demand)
are determined solely by cost and not by (physical) avail-
ability.

Conclusion

In his concluding remarks, Prof. Pestel stressed again
the necessity to try to speak the language of the user of
a model, and to understand his concern; this would be the
quickest way to a more widespread use of models.
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Discussion on

"Scenario Type Analysis"

by Prof. P. Gille and Prof. T. Shook

Prof. Mesarovic introduced the discussion topic, and
he then focused on problems involved in using the model,
especially on those of software problems, implementation,
and the methods of analysis.

Prof. Gille presented the two possible ways of
analysis in his lecture:

1) Scenario analysis; and
2) Interactive mode analysis.
In scenario analysis he noted that:

a) certain assumptions must be made about future
development;

b) it is necessary to identify what the special
concern is;

c) a time horizon must be specified; and
d) certain boundaries must be set.

Formulation of the scenario is the task of the expert,
and the problem is simply how to implement what the expert
recommends. The implementation is made easy by the data
structure and by the software available. A data bank
consisting of primary, secondary, and trans-generated data
is already organized, and different submodels also already
exist: e.g. energy, economy, technology, food, population,
resources, etc.

When building up a scenario, generally only parts of
the different models are needed. So a new model is composed
for the specific issue from the data bank. The programs
for doing this are available. The necessity of a computer
language that can be used both by the computer and by the
person who will have to use the data afterward was
acknowledged. 1In order to make efficient use of the
computer, man and the machine must be able to interact
in a certain way.
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Dr. Fritsch pointed out that if the model must be
handled as a tool for crises management and immediate
answers are required, the time for constructing such a
model is very short. Prof. Mesarovic stressed the need
to be able to predict crisis situations by means of the
models. They were flexible in this respect. The
procedure used was, in essence, to assemble a series of
relationships and data out of which a problem-specific
model could be constructed to determine what is the
most important of the issues. Prof. Klein arqued that it
was not necessary to construct a new model at the time of
crisis, because by simply changing the inputs to the
model and re-simulating, the model would give all the
necessary indications. The changes could be effected in
two days.

The discussion then turned to the question of
application of the models by individuals and institutions
outside the research community. Prof. Pestel indicated
that briefing meetings with policy and decision makers
were planned. Prof. Pestel informed the conference that
he planned a separate meeting for the policy and decision
makers on the questions of concern to them. Dr. Carlos
Mallmann suggested that users of the models in the developing
regions might find their structure alien to them. Prof.
Pestel pointed out that if particular regional users
found the data biased, they could use their own data.
Other participants stressed the importance of interactions
at all levels and the tactical problems involved.

Further comments were addressed to the problem of
the time span covered by the models. It was pointed out
that different issues involved different time spans, but
that the longer the time span the coarser the model.
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Discussion on Global Modelling

Prof. Pestel opened the meeting by saying that
Prof. Klein had been pressing for this discussion. On
the whole, the discussion is generally centered on the
modelling project, and Prof. Klein was asked to begin.

Prof. Klein said that the motivation for suggesting
this meeting stemmed from a proposal made in 1973 that
IIASA should organize several such conferences. This
implied that there could be other approaches to global
modelling.

During the previous two days a particular way of
implementing a global model project had been presented.
However, if anyone else was starting out from scratch,
they may have a different procedure. He had three
personal ideas for approach:

1) to use the traditional approach of economics
and econometrics, i.e. to first obtain a body
of data (historical or present structure) and
to fit a structured model of different
processes, and then study historical and
technical performances before extrapolation;

2) to use technical information, e.g. from
engineering and agronomy relating to how
certain world processes work, or a mixture
of the two; and

3) to build up very loose relationships such as
age-specific fertility and mortality rate,
which reproduce history, and then put in what-
ever values require to be tested.

Prof. Pestel added that the history of the project had
undergone several mutations during the process of its
evaluation: for example, from the different approaches
{theoretical, optimization, etc.) the present pragmatic
approach was chosen. Prof. Abkin gave information about
the Korean model and emphasized the problems of collecting
data. Prof. Pestel considered that it was possible to
build a model as a mental construction into which an image
of a real system can be projected, regardless of the
availability of data. Data cannot be found in this case
because they have been collected and compiled under a
different image of the system. When new statistics are
compiled in an area, the first task should be to construct
an image of that system in order to have the right data.
Generally one must compromise: it is impossible to construct
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a model for which there is no data, and so one has to stay
within the boundaries provided by the data, without
sacrificing the mental picture.

After some remarks by a participant about the possibility
of integrating different methodological approaches, Prof.
Weiszacker asked to what degree could past catastrophic
events (such as the two World Wars) be identified. Prof.
Pestel replied that a war cannot be predicted by the model.
If some alternative decisions were tried in the model,
certain developments would be seen that could later on be
interpreted as such. Vast masses of unemployment and
indications of starvation can imply that there is a region
of great instability, but one could not say what this
actually leads to.

Prof. Labys said that during the course of this project
someone should very seriously look at the guestion of
validation and do some theoretical work on validating these
types of models. According to Pestel the lecture of
Blankenship will answer this question. Nevertheless, though
the future is to a certain extent conditioned by the past,
the past is actually no guide to the future. Prof. Labys
argued that in the professional field of model building
it is necessary to validate; otherwise it is impossible
to judge the gquality of the work. A short discussion between
Professors Peschel and Pestel followed about the extra-
polation of future development.

Dr. Shubik said that concerning the doomsday pre-
dictions and crises analysis there are three things to
be considered:

1) perception of the problem;

2) dimensional analysis of variables of the problems;
and

3) sensitivity analysis of the models.

He gave an example of how the crime rate appeared to be
rising although reading back through history it would appear
that only the reported crime is increasing. The problem is
in the perceptual mechanism and the quality of analysis. It
is precisely in this area that we have to face up to problems
of how we go into model specification and interactive proce-
dures.

Prof. Demirdache asked if conflict situations are
reflected in the model or not. Prof. Pestel answered that
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in a limited way it is done. A discussion followed
concerning the historical validation between Professors
Demirdache, Klein, Rademaker, and Cole. Prof. Kumon
then stressed the importance of deciding what type of
model to use in every special case. Prof. Mottek spoke
about the necessity of having a research strategy.
According to Prof. Rabar's remark, while the Forrester-
Meadows model was overdetermined, this new model is under-
determined by giving too many options to the user. Prof.
Pestel referred to the following meeting which will make
everything clear.
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Discussion on

"Ergonomics of Man-Machine Interaction"

by Prof. J. Klabbers

Prof. Klabbers' presentation dealt with the "inter-
active mode" analysis as opposed to the scenario type
discussed in the earlier session. Particularly, his
work focused on the human mactine configuration in which
the human being provided judgment guided by norms and
values, and the computer program provided logical and
numerical operation. Thus the computer is programmed
with a causal stratum as well as a decision stratum.

The functioning, or process, of the human-machine
decision-making system was illustrated with a series of
overhead projections showing first the general "index
of hierarchy" consisting of the:

1) goal layer;

2) policy layer;

3) strategic layer;

4) tactical layer; and the
5) implementation layer.

These indices were further defined, showing the various
responses inherent at the various "layers": 1i.e. the
"goal layer" has an index to hierarchy showing economic
growth, minimal interference (change), and environmental
enhancement, and so on. The hierarchy should be constructed
in such a way that search-time is minimized. The different
possibilities should then be as few as possible, and a
part-prediction will be required. The inputs might be
changed and some decisions could be taken during the run.
Some decisions will naturally be implemented. There must
be a specified level for the variables from which they
could influence the decisions. 1In order to be able to
evaluate human decision-making and planning properly,
it was emphasized that one has to be sure that the inter-
face, as such, does not interfere with the actual task,
i.e. planning the evolution of the system under consideration.

Prof. Klabbers went on to discuss the aspects of
information retrieval from the point of view of the
objectives of the human decision-maker in planning the
future developments of the system. He followed this up
with a brief definition of the task of the interactor,
and an explanation of the control skills necessary in
controlling a complex social system.
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In the discussion of "decision-maker display
interaction," the work on computer interface developed
and applied by Thompson (1971) and Clauer (1972) was
used as an example. Dr. Coales discerned a number of
points relating to the actual functioning of the inter-
active system and the principle involved. Considering
the information retrieval aspects, he was concerned with
whether the system had the facility for going right back
to the beginning. He considered this as a particularly
fundamental question. Prof. Richardson in reply pointed
out that the variables which characterized the incidences
were quite different. The variables in control inter-
faces were those which could be manipulated, at least in
that sense the distinction was meaningful. After a brief
discussion the presentation of Prof. Rechenmann followed.

The system of cooperative work between man and computer
was described by Prof. Rechenmann. Basically, a division
labor is made between the two; man makes the decisions on
values, priorities, costs, and the level of risks to be
taken, and the computer indicates the breadth of choices
and likely consequences. The computer component of this
team is comprised of a decision stratum, where the various
functions performed in the process of arriving at a
decision and the conditions and constraints under which
those decisions are made, are modelled, and the causal
stratum which represents the model of the regional
economy and the basic energy relationships. This model
reproduces the evolution of the basic economic processes
and functions of the economy over time: production,
consumption (government and public), export-import,
capital formation, etc.

A further definition of the decision level showed
that it is composed of four levels, or decision layers:
the goal layer, policy layer, strategy layer, and
implementation layer. Each layer or level is assigned
a specific role, with the functions of the upper layers
being broader and concerned with longer time periods,
while the lower layers are more technical and concen-
trate on immediate objectives. Final decision is
determined as a functioning of the coordinated response
of all layers. Prof. Rechenmann went to explain the
responsibilities and characteristics of each layer in
detail.

Communication by the decision-maker with the machine
is, of course, the prime issue in inputing commands and in
obtaining feedback from the machine. For these purposes
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an elementary command language has been implemented.
There was some discussion of the decision-maker's role
in "requesting" and "instructing" the machine, and of
the computer's method of responding in a natural language
with desired graphs and data. While "requests™ on the
part of the decision-maker are generally a set of policy
alternatives or actions available, "instructed" inputs
are primarily decisions on policies, actions, parameters,
on implementation or on return to a previous stage for
additional considerations. Some of the problems
encountered in this language and interaction system
between man and computer were further discussed by Prof.
Rechenmann.

Dr. Mermet began his presentation by making some
general remarks about the goal and specification of
sophisticated software tools. He felt it was necessary
to make a distinction between the person who builds the
software tools and the person who must ultimately use
these tools to build models. Work in the computer can be
compiled in two ways:

1) by programs; and
2) by description.

The importance of syntax and syntactical description was
stressed.

In the discussion of his presentation, Dr. Mermet
dealt in particular with:

1) the goal and specifications of the software tools;
2) the structure of the simulation systems;

3) descriptive languages;

4) data base management: SOCRATE;

5) the kinds of scenario languages; and

6) the interactive system/multi-user, multi-models,
multi-processor, systems.

He also included some general identifications of procedure
hierarchy, as given in the Mesarovic books. Hierarchy was
defined as "an oriented network without a cycle."
Explanations were offered for "Precedence Hierarchy," which
can be described as an interconnected set of sub-systems



-60-

forming a network without a cycle, and "Inclusion
Hierarchy,” in which each part of the described system
may be divided into sub-parts, thereby giving a relation
of order. Inter-strata connection and physical strata
were considered as arother important dimension.

On the matter of timing and the problem of time
generally, it is considered necessary to describe the
parallelism between the strata. Dr. Mermet pointed out
the doubtfulness of being able to define one computer
language for all models, and said that, rather, an
arbitrary set of initial instructions will be defined.

A diagram of "Data Base Management" relating the
computers of Grenoble, Hannover, and Cleveland was
supplemented by a discussion of the problem of data base
management, which is considered as one of the most
crucial. A short discussion followed between Professors
Coales, Mesarovic, and Mermet about how the hierarchy
is represented in the model. Some additional remarks
weire made by Professors Herrera, Hughes, Mallmann,
McPherson, and others concerning the interconnection
between the sectors, regions, and strata. These
connections were not clearly explained. After some
explanations of Prof. Mesarovic the meeting was
adjourned.
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Discussion on

"The Environmental Impact Model"

Prof. Hdfele opened the discussion by referring to his
earlier statement that the models presented were too resource
oriented. Furthermore, he felt that environmental considera-
tions and assessments should be put before the resource
guestions. Prof. Pestel responded by stating that Prof. Hifele's
view is a matter of personal judgment and that he feels there
exist acute resource problems today which will only become
worse in the future. Prof. Mesarovic, in response to
Prof. Hdfele's question, expressed the idea that one must
look at the whole strata. He felt that the issues between
resources and the environment would become more important
after the year 2000. He expressed the need to face the problems
of time immediately.

Prof. Fritsch expressed the feeling that the strategic
issue is the carrying capacity of the ecosystems. These
ecosystems, he feels, are the super-resources of mankind.
Prof. Mesarovic responded by stating that they are concerned
with the resource question, and what will be limited in the
short run. Prof. Pestel added that it would be useful to
discuss the time gquestion.

Prof. Hafele stated that this group at IIASA agreed
that most of the serious problems begin after the year 2000,
and that governments should start preparing to meet these
problems by 1985 or 1990. 1In order to evaluate the accept-
ability of something in 2000, you must begin to do something
now.

Prof. Mottek expressed the idea that regional impact
on the environment was a critical issue. Environmental
guestions start locally but spread, and affect broad areas
including both the industrialized and non-industrialized
areas. He stated that the environmental decay is almost
instant, and research into its impact upon the climate and
human activities is vital. We should not wait for the year
2000. Prof. Pestel responded by stating that the emissions
due to energy production raises environmental considerations
of a different nature. Some energy methods produce environ-
mental effects beyond localized effects. For example, Pestel
feels that coal will play a larger role during the transition
period up to the year 2000.

Prof. Raiffa, in response to Prof. Mottek, stated that
IIASA is concerned with the present, as well as the year )
2000. Some of the approaches being studied include: monitoring
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systems, linkage between pollution effects, mortality,
fertility, etc. It is hoped that an integrated systems
approach will make the research more homogeneous. Prof. Hifele
also included that IIASA will soon begin looking at climatic
questions.

Prof. McPherson raised the issue about single issue
models which give rise to serious secondary environmental
effects when applied in planning. He gave the High aswan
Dam on the Nile River and the Irrawaddy Dam as examples.

He asked whether the models presented will fit into a "total"
ecological model and expressed his belief that a set of
models does not constitute a "total" model. Prof. Mesarovic
responded by stating their concern with the global aspects.
The single-issue models were presented to show the progress
being made.

Prof. Mallmann stated that the integral approach to
modelling should concentrate upon human needs and ways to
satisfy these needs. The real problems, he feels, are
related to yesterday and today, not the year 2000. People
are dying today and we should concentrate our efforts on
health, education, housing, urban problems, etc. Prof. Pestel
responded by stating that they are concentrating their efforts
on the transformation period of the next twenty-five years.

Prof. Clapham also responded by stating that the long
term problems are the important problems.

Prof. Hifele raised the issue of identifying "resilience
parameters"” in ecological systems. Prof. Pestel responded
that he felt their approach was the correct approach and that
they were asking the right questions.

Prof. Shubik recognized the difficulties in handling
detailed technical questions concerning the models, but he
wanted to know how they planned to integrate the various
models into a "world model" in a way that he could,operationally,
understand them.

Specifically, Prof. Shubik wanted to know their institutional
manifestations, if they were to be funded with $200 million.
Prof. Pestel responded that they could use 500 man years over
the next five years to resolve certain real issues and to
achieve integration. Prof. Mesarovic responded by stating
that, inherent in Shubik's question, there exist basic
intellectual and conceptual issues. A funding level of
$200 million would be moving too fast. He would like to
get academicians, politicians, and decision-makers involved
together in the hope of influencing decisions.
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Prof. Pestel added researchers are constantly lagging
behind the problems. One of their objectives is to get
ahead of the problems, but this is difficult since this

involves putting priorities on problems and identifying the
most important scenarios.
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Discussion on

"Development of Norm Stratum Model"

by Dr. H. Bossel and Prof. B. Hughes

Dr. Masini pointed out that the resistance to changes
in value have to be taken into account, especially in this
model, where it is attempted to forecast the future and
the change in values. Dr. Masini thought that it was the
monitory variables that would be able to indicate the
changes.

Prof. Bonhoeffer said that norms are also a question
of social conflicts. Skipping these interrelations avoided
almost every problem. He thought that conflict was treated
too aggregated, since it may appear in the model only among
regions, but it should occur also within the regional
boundaries.

Dr. Bossel answered that they were gquite aware of the
problem and that they were trying to incorporate it into
their model. Their more recent concepts foresaw a
normative and a decision strata for each interest group
involved in the conflict. Presently work was going on
on a research project on conflict to see what strategies
each group would select.

Prof. Coales found this the most interesting paper
presented at the conference. He was interested in the
criteria used in choosing a policy. He put three questions:

1) Are all quantities turned intoc money terms?

2) Are oppotunity costs considered on alternative
policies?

3) How are alternative policies ordered and ranked?

Prof. Hughes replied that their approach is not geared to
select a single policy but rather a mix of policies. Prof.
McPherson then asked how the best mix is selected.

Prof. Hughes explained that they have a search procedure
which begins at the old policy (usually a mixed one). They
then looked at the dissatisfaction and the policies that
seemed most promising, and they searched for a more refined
set within that. This also tied in with the question of
units in which dissatisfactions are evaluated. Once again,
it was impossible to express everything in the same units.

A way around was to express dissatisfaction in terms of
normalized distance from the goal.
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Prof. Dantzig asked why terms appeared squared on
the formula for the objective. Prof. Hughes said that
it was due to their belief that deviations had to carry
a bigger weight the further you were from your goal. Of
course this occurred only when the goal has not been
achieved and the measure of dissatisfaction was obtained
by summing up the normalized squared distances for those
goals that had not been achieved.

Prof. Mottek asked if in avoiding a catastrophic
situation it was enough to look at it in terms of decisions
only, or if attitudes too should have been considered
important, since they definitely can have an effect on
decisions. Dr. Bossel replied that attitude changes could
only become manifest through the decision for some action.
This may not have been an explicit decision, but some
action results out of it. He thought that in this fashion
it could be modelled.
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Session on Thursday Afternoon

Ouiside the presentation of the Mesarovic-Pestel
model, the Thursday afternoon session was devoted to
short presentations of the Global Modelling efforts of
other groups.

As the spoken contributions had to be limited to
ten minutes each, it was agreed that elaborated versions
would be included in the proceedings. The following
section contains these versions as sent in by the
participants in the Thursday afternoon session.
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An Austrian Simulation Model for

Socio-Economic Policy Making

P. Fleissner

I would like to make two comments, the first a technical
one. If one is working with the model and he is politically
naive, and maybe will change a certain structural coefficient,
the model can read to this disturbance by changing political
behavior of one or more power groups. It could be that the
initial naive change is corrected or amplified by the political
feedback loop built in the model.

The second comment is a private and political one. I do
not think that necessary political measures can be undertaken
in time if we do not leave the ivory tower of the scientific
community and cooperate with the social groups which are most
concerned with crisis symptoms, although it could happen
that these groups are not necessarily the prevailing ones.

Listening to the comments made by Cole, Mallman, Mottek,
Shubik, and others I have been encouraged to present some
experiences with an Austrian pilot study. We tried to look
at reality, especially at our Weitean reality, not only in
technical, scientific, technocratic, or interactive terms,
but in terms of political, ideological, and economic power too.
We think that in our country there exist certain structural
constraints which will come to the surface if one is making
plans for certain policies. These facts are not reflected, as
far as I have seen, in the P-M model and therefore conclusions
can be misleading, although much more information is available.
Further on, the P-M model does not assess the antagonistic
or conflicting interests of different social classes which
are indeed very often responsible for social or economic
changes and development within a region.

In this respect I will now give an example which could
easily be generalized to the world's model structure, within
and between regions, and how we looked at these problems
in our model. At the Institute for Advanced Studies, in col-
laboration with the Austrian Academy of Sciences, we are
developing a simulation medel for socio-economic policy making.
We do not think that there is harmony in this process of policy
making and we stress the point that power force is influencing
decision making.
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Some Remarks About the Dynamics of the Economic System

and Its Links Especially with the Technological Field

H. Mottek

The trend in the guantitative changes of input and out-
put, of growth in terms of an increasing gross product as
shown in the data appendix to the reports on the economic
world model by Mesarovic-Pestel as well as in other documents,
can obviously continue in the future only if the necessary
conditions of these changes remain. Many of these conditions
lie outside the economic system, though they are influenced
by it. There are, however, some indigenous, necessary condi-
tions for the trend. To realize this, let us have a look at
what the authors of the report call the developed market
countries. (At the conference, the word "market," by the way,
was used so that a highly industrialized country such as the
German Democratic Republic appeared to be not developed.)

In these developed market countries the historical
experience shows that changes of structure had been necessary
to avoid a long-term change of trend such as a stagnation of
output. The authors robbed themselves of the opportunity to
recognize that by neglecting such relative short disturbances
as the cyclical fluctuations. But in economic history there
have been periods with very many short-term fluctuations with
predominant influence of the downs. For example, this occurred
in the period from 1873 to 18394, and the period known in the
Anglo-Saxon countries as the Great Depression of 1929 to 1938.
Both of these periods led to structural changes in the so-
called developed market countries. I only want to mention
the restriction of competition for the first period; for the
second period, the enormously increased intervention of the
state became a characteristic feature of the economic system
in those countries from then on. What interests us now is
the fact that these structural changes (and the driving
forces arising from them) were a necessary condition for keep-
ing up the long-term trend of growth: they prevented short-
term retardation from becoming long-term.

The stagflation of our time has, however, made doubtful
whether the changes of structure in the past are sufficient
for keeping up the trend. The question arises therefore,
whether structural changes are to be expected in the future,
or whether there will be a radical change of trend, i.e. a
long-term stagnation, or finally, whether the whole system
of the so-called developed market economies will perish.
Whatever the outcome will be, the fact remains that structural
changes--although they find their quantitative expression in
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short-term fluctuations of the main parameters of the
model--have not found their right place in the model.

It is obvous that the continuation of the guantitative
trend in the economic system in the past as well as in the
future depended and will depend not only on structural, but
also on technological changes which are therefore important
for every regional or world model. 1If we consider a long
enough time horizon, then, without technological changes,
even the high investment income ratio cannot stop a slowing
down of the increase in output per head so that the rate of
increase approaches zero; it might even become negative.
Without what is called labor saving technological changes,
the labor force would be the limiting factor. Whereas under
these conditions the increase of output must eventually stop
in any system, under the developed market system this would
mean an economic crisis, a sharp decrease of production,
because of the collapsing demand for machines and other
investment goods.

But limits of this kind are not those now so much under
discussion after the book by Meadows, but rather those caused
by increasing pollution or decreasing resources. It is very
often forgotton, however, that, for example, a trend of in-
crease in pollution can only continue if there are no techno-
logical changes which diminish pollution to a sufficient extent
without diminishing capital productivity on the same scale.

The same holds for mineral resources. It is an assumption
implied in the model by Meadows that the decrease of certain
mineral deposits is not compensated by resources-saving
technical progress, increase in resource productivity, resources
enlarging technical progress in other fields, such as recycling,
discovery of new deposits, making deposits useful for which
there was no use before, finding substitutes, and so on. We
might call this "resources enlarging technological progress,"”
when we define resources as such parts of the natural environ-
ment that are economically available or are being made avail-
able for production by increase of technological knowledge.

If we take the investment income ratio as given, and put

aside such a question as the infrastructure, then the necessary
technological changes might not be forthcoming for two reasons:

1) As the technological changes are directed by the
goals of the economic system, there might not be
such goals and the corresponding demands on tech-
nology. So it has become doubtful for more and
more people in the "developed market countries"”
whether the economic system can effectively put
forward demands in the direction of saving social
costs, in the direction of a technology in harmony
with environment. In this sense the development
of technological changes is dependent on the social
and economic system.
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2) Even in the case of urgent demands by the economic
system, certain changes might not be forthcoming
because the answer given by what we might call the
system producing technological knowledge is nega-
tive. Apart from the ability of this system, under
the aspect of organization, personnel capacity,
equipment, incentives, apart from the state and
development of scientific knowledge, the negative
power could be the consequence of a technological
impossibility. It is perhaps notewcrthy that
statements of economic impossibilities can be trans-
formed into statements of technological impossibili-
ties. For example, at the conference during the
discussion of the food question, the greenhouse
was considered economically impossible as a basic
solution because of its high costs. But this
statement of economic impossibility could be trans-
formed into a statement that it is impossible to
develop a suitable technology of production and
operation of greenhouses that makes them cheap
enough for general use. So we can now sec that there
are implicit assumptions of such impossibilities in
the model by Meadows. In a new world model those
assumptions should be made explicit and then examined
as to their validity. It is necessary to examine
whether such impossibilities can or cannot be founded
on the laws of physics or any other science. But
even if this can be done, it is not so easy, and
it might be the cause of many misunderstandings to
translate a statement of impossibility made in the
language of physics into the language of technology
and economics.

Apart from this, there is still a lot of research that
needs to be done to prove statements of technological impossi-
bility to make these statements more reliable or to show
them to be non-existent. Such research would be a very urgent
task for making the consequences of an option of society more
predictable and for producing new options.

Without theoretical progress in this and other fields
the predictive capacity of any world model will not be large
enough to carry conviction.
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Modelling Growth Factors in Israel

Prof. Nathan Buras,
Technion, Haifa, Israel

We are in the initial phases of a multi-disciplinary and
multi-institutional research effort in which critical
relationships between factors assumed to have controlling
influences on our future will be studied. The objective of
this effort is to produce sets of alternative plans covering
horizons of 10-15 years, to be submitted to the highest levels
of policy makers in the country (different statutory
parliamentary committees and the government), so that the
rational basis of the political decision-making process would
be strengthened.

Our approach is that these factors may be divided into two
groups: socio-political and natural-technological. Eco-
nomic aspects will appear in both groups, thus forming
connecting links between them. We are now organizing
research groups within each of these two avenues, and are
seeking efficient mechanisms for their coordination and

for increasing cooperation between them. We place special
emphasis on the socio-political aspect of the growth factors,
and have included in the guidance committee of this project
a member of the parliament, representing the political
process as it is manifested in Israel.

The research effort in the socio-political channel will be
directed primarily toward the formulation of scenarios
dealing with plausible internal and external situations.
These scenarios will form then the framework within which
optimal configurations of the natural-technological de-
terminants will be sought.

We envisage our connection with global models in several
ways:

a) We would like to investigate the situation in which
a crisis situation in one part of the world might
produce a global "domino effect", and what can be done
to increase the resiliency of our socio-technological
fabric to withstand such shocks.

b) What kind of "de-coupling" mechanisms, if any, might
be available in the event of world-wide crisis in
one of the factors controlling growth.

¢) Israel may be used as a case study, or pilot project,
for problems of global interst. Within its population
of slightly over 3.5 million there are self-governing



d)

groups who own collectively the means of production
and who abolished completely private ownership,
living alongside other groups who epitomize free
enterprise. This symbiosis exists within the con-
text of a particular brand of welfare state.

In at least one respect, we are close to the physical
limit of development. More than 90% of the available
water resources of Israel have been developed already.
The adjustment of the socio-technological fabric to
these conditions might be of interest to those engaged
in global modelling.

NB/mf, 3 May 1974



Dynamic Population Model

- presented by A.R., Demirdache

A dynamic population model has been developed by
the Department of Mathematics at Queen's University, Canada,
under contract from Federal Government in Ottawa. The model
simulates the evolution of population distribution as

function of age and income level.

The basic structure of the model is such that
birth-rates may be generated wi*hin the model as endogenous
variables. This allows the inclusion of feedback effects
from the population distribution to birth and immigration
rates, and so provides a capability for simulations valid
over longer time intervals than are possible with exogenous

birth and immigration rate variables.

Traditional demographic methods project population
estimates forward in time by means of an aggregation procedure,
followed by a Tinear extrapolation procedure based essentially
on a Markov-chain type of model. Such methods are reasonably
accurate over ‘the relatively short term; however, the model
structure is such that the fertility curve (the age-specific
distribution of ‘the birth-rates) is treated as the "exogenous
variable" which must be specified for each run. Some at-
tempts (the so-called "cohort method") have been made to in-

clude in the model the observed fact that birth rates do



vary over time, but the problem of extrapolating birth-rates
forward in time in order to increase the length of time that

model results are valid remains.

It is clear that many factors affect birth-rates:
economic conditions, perceptions of future economic conditions,
ecological concerns, a host of other factors affect birth-rates
to a greater or lesser effect. It is also clear that present
population structure affects in turn the economic climate, and
the general environment. The present population is in turn

the result of past birth-rates (and immigration).

The observations indicate that it is impossible
to decouple the dynamics of the birth-rates from those of
population structure without compromising the long term
validity of the model simu1at10n.‘ In effect, there exists
a feedback path from population structure to birth-rates

which may not be ignored over the long term.

Derivation of Equations of Dynamic Core

The core of the model consists of two partial
differential equations: one for the evolution of the popula-
tion density as a function of time, age, and income level, and
one for the evolution of the fertility curve. These two
equations are coupled in a non-linear fashion, although the
non-linearity appears only in the boundary conditions for
the population equation. This fact is of considerable use

in connection with the estimation problems discussed in the



following section, and makes the derivations presented below

simpler than might otherwise be the case.

A. Population Distribution Evolution

The model considered in this paper includes a
partial differential equation for the population density
p(x,s,t) as a function of the three variables age x, income s,
and time t. As will be shown below in Appendix A, it is
unnecessary to specify at this point the units involved in
the income scale s, that is whether s represents net income,
disposable income, or some other measure. This is so because
the form of the governing equation is invariant under a (non-
linear) change of income scale, so that the units involved
become an issue only during the processing of data for esti-
mation purposes. This fact is a pleasant surprise which

naturally arises out of the structure of the model equations.

To derive an equation for the population density
on a realistic basis, it is necessary to account for effects
neglected in the simplified model above, in particular to

introduce terms

i(x,s,t)

representing the immigration rate (as a function of age,

income level, and time) and the death-rate

rix,s,t)



It is also necessary to introduce a term which
accounts for the change of income level of various segments
of the population over time. To accomplish this, we introduce

an economic mobility function,

u(x,s,t)

Even though income levels of individuals on a microscopic
scale underqgo changes at discrete instants of time, perhaps
modelled by a Poisson process, on the macroscopic scale of
its influence on the income distribution we mode] the effect
as one of a continuous flow across income Tevels., With

this effect in mind, a term of the form
u{x,s,t) &t

has an interpretation as the fraction of people at income
level and age x crossing through level s in the time interval

from t to t-At

.

With the above definition of terms, it is easy to
use a "counting argument" entirely similar to the one above
to arrive at an equation representing the evolution of pop-
ulation density. The result is

3P = - QQ_—»&__(U(X,S,t)p) - r{x,s,t)p + i{x,s,t)
2t 3 3 S

@



Just as in the above derivation, it can be seen
that the appropriate boundary condition for this equation

is again

p(x=0) = birth-rate.

B. Fertility Curve Dynamics

Although the observation that socio-economic
conditions, social attitudes, and so on, exert an effect on
birth- rates is a common one, there seems to have been lTittle
effort made to quantify these effects in a dynamic model.
Undoubtedly, a major reason for this is that it appears
impossible to "derive" such a set of relations in the sense
of the derivation outlined above for the population density

dynamics.

A simple partial differential equation capable
of reproducing this observed behaviour has been adopted

as the basis for the fertility curve dynamics. This 1is

_f = -a(t) a_ (d(x) f) - b(t)f
t d X
The first term in this equation produces the effect
of the shifting peak, while integrating the equation with
respect to x shows that b(t) is the percentage change of

the area under the fertility curve per unit time. An equivalent

interpretation is that it represents the percentage rate of

average family size.




The justification of the representation of the
fertility curve dynamics by the above equation may be car-
ried on in several ways. In the first place, the interpreta-
tion given b{t) guarantees the presence of the term b(t)f
in virtually any such equation. The appropriateness of
the term representing the "shifts" may be supported on the
basis of a time scale argument, combined with the fact that
the model fits the observed data reasonably well. The
"shifts" occur in the data on a time scale considerably
faster than that of the dynamics of the population section
of the model. 1In fact, the shifts appear correlated with
variations in the economic climate, recessions, rising and
falling unemployment, and the 1ike. Since these effects
are expected to be introduced into the model most likely
on the basis of "standard" econometric and business cycle
models, it is anticipated that it will be possible to in-
clude the function a(t) and its dynamics in this section
of the model. The dynamics of a(t) are to be identified by
means of either the usual econometric model identification
techniques, or more recent work in the area of control
theory. Since this identification problem presupposes
knowledge of the term d(x) , work in this area is dependent
on solving the problem of estimating d(x) , and applying
the algorithm for this purpose is described in the following

section.

Comments similar to the above also apply to the

problem of determining the dynamics governing the term b(t) ,



although it is suspected that this will be even more diffi-
cult than the above process. This is so hecause b(t) is dom-
inated more by social attitudes, education, and other effects
much less easy to quantify than economic ones. It is felt
that this area represents an example of the need for alterna-
tive sub-models and repeated simulations discussed above in
Section II in connection with the overall structure of the

model.

While the above discussion has been carried
through as though the fertility curve were independent of
income, an entirely similar derivation is possible on the

basis of an income dependent fertility curve. If one also

allows the possibility that the economic interactions occur
unevenly across income levels, then the appropriate equation

is

= - g8 (a(x,s,t)f) - b(s,t)f

£
t 34X

Because of the meaning of the fertility curve
(or surface, if s is included as an independent variable) as
an age (and income) specific birth-rate, the formula for

the total birth-rate is simply

b(t) -  Jf(x,s,t) p(x,s,t) dxds






Written contribution to the Proceedings of the IIASA Symposium on
Global Modelling - May 197k4.

Notes on the '"Doubling of Population". Study - Free University of
Amsterdam, under direction of Prof. H. Linnemann

The problems of a doubling of world population.

One of the major problems facing mankind in the remaining decades

of this century - and most likely also in the next century - is

the rapid growth of world population and the pressure on the world’'s
limited resources created by greatly increased population numbers.
Barring calamities of unprecedented magnitude, it would seem to be
certain that world population in the near future - around 2010 -

will double its present size. At the Free University in Amsterdam

a study is being undertaken to determine whether it will be technically
possible - even for a world population of twice the present size -

to provide everyone of the world's citizens with the material
requirements for a decent human life, and if so, what policies should
be followed in the areas of production and distribution in order to
meet these requirements in ways which appear consistent with what

we know of resources and environmental constraints.

The basic package of material goods required for human life consists

of four components:

a. food

b. housing and sanitation

c. access to adequate health services

d. the means to gain a basic education. In addition, a certain amount of

e. '"other goods and services"(like e.g. clothing, furnitures,
kitchenware, transport, recreation) will be required.

It is a matter of judgement what levels of provision are adequate and

acceptable; norms are being formulated, whenever possible, on the

basis of internationally accepted standards.

The scope of the study is worldwide; for obvious reasons, regional
disaggregation is essential. In fact, part of the work is being done

at the country level. Apart from economic magnitudes, demographic

and environmental variables are being studied. It is extremely difficult
to explicitly incorporate social and political factors and processes;
in a rudimentary way this might be achieved by distinguishing different
types or classes of social and political systems. One explicit goal
included though, is an improved global income distribution,

A dynamic model is being built, using methods and techniques as
developed in mathematical econimics and econometrics. The aim is to
build firstly a descriptive, analytical model that will be used to
analyze those problems which may arise as a consequence of population
doubling if past behaviour and government policies were to remain
unchanged.



Secondly, the model will be used as a policy or planning model -
i.e. the descriptive or analytical model used 'backwards" - in order
to determine those policy measures which would be required if the
basic package of material goods is to be available to everyone.

Also the implications of additional targets - such as a high level
of employment - may be studied.

Due to our conviction that problems connected with food supply are
still pre-eminant, and agriculture basic to other economic growth,
efforts in our limited time are for the present almost entirely
focussing on the agricultural and food problems.

The common denominator of all agricultural production is the process

of photosynthesis; this process is at the heart of the technical
equation describing output per hectare as a function of inputs of

plant nutrient (including water). Another technical relation shows

how much labour and/or capital can effectively be used. Still another
set of relationships describes the behaviour of the farmers or peasants.
Technological progress in agriculture plays a role as well,

Three models with basically different structure in the behaviour and
economic aspects are being developed; for the developed market economics,
the centrally-planned economies and the less developed economies.

Where possible, data relating to the national level is being used.

Obviously the agricultural sector does not function in isolation of

the rest of the economy. There is an important link with several
economic activities producing inputs for agriculture. First of all,
inputs of fertilizer will usually be needed to reach higher levels

of input. Mechanical equipment may be required to work together

with labour, or partly to replace it. Transportation is required for
bringing part of the output to the consumer, and for bringing fertilizer
and other inputs to the farm. The production of fertilizer, the operation
of machinery, transportation, sometimes even storage - all these
activities cannot be performed without an input of energy. Availability
of all these (direct or indirect) inputs into the agricultural sector
have to be ensured and the consequences of scarcities or price changes
in these ascertained (e.g. energy, capital for fertilizer production).
Sub-models are therefore being built to reflect, especially the influence
of fertiligzer production, energy and transportation in the agricultural
sector.

For the purposes of our study, restricted as it is to the coming forty
years, population growth remains effectively an exogenous variable.
Similarly we do not generate non-agricultural income within the model
but rely on a certain set of judgements about its future growth.
However, labour ocutflow from agriculture is generated within the model.



Still other interrelations are being studied. An input of crucial
importance is water - primarily produced by nature. Distribution

of rainfall is rather uneven however, and local surplusses may be
badly needed elsewhere (or at another time of the year) for irrigation.
In large parts of Asia and Africa, agriculture could hardly be
developed without irrigation water. On the other hand, not all the
water falling or flowing on a piece of land is used up during the
growing season. Water leaving the agricultural production process may
carry with it part of the chemicals that have been brought onto the
land. These agricultural residuals enter other parts of the biosphere;
what are the effects? Toxic substances used in modern agriculture

may also be transported through the air. Therefore, the pollution
aspects of agriculture are where possible being incorporated. In a
broader context the question arises: what ccological disturbances
might be created by extending more and more the area under cultivation,
with the consequent loss of variety in vegetation?

Demand limitations

It is not only a question of adequate production and supply potential,
but the demand side has to be taken into account as well. Without
sufficient demand for food, farmers will not produce (except for
their own needs). Demand can effectively increase only if the
(non-agrarian) population has enough buying power, and this in turn
depends on productive employment at reasonable wages.

Agricultural production (in particular food crops) in developing
countries cannot gain momentum, while effective demand remains
stagnant. But at the same time it should be remembered that an
increase in effective demand does not necessarily stimulate the
small farmer to produce more; this depends on the agricultural
institutions that may or may not be conducive to a positive response
by the farmer (type of land ownership, credit facilities, middlemen,
etc.).

Trade and investment

Finally, our analyses of the agricultural sectors in the various
parts of the world will take into account that countries and regions
are not isolated units but are mutually linked through international
trade and investment. With only few exceptions, all countries aim

at a rather high degree of self-sufficiency in food production;
nevertheless international trade in foodstuffs and other agricultural
commodities is of great importance.

Differences between countries in socio-political system(market
economics vs, centrally-planned economies) and in development level
(rich vs. poor countries) influence the way in which countries are
linked to the world market.



_‘4-

Other sources of food

Agriculture is by far the most important source of food products for
human consumption, either directly (vegetable products) or indirectly
(animal products). Indirect consumption of plant material, i.e. through
the intermediary of domesticized animals, is relatively inefficient
in terms of the caloric value lost in the conversion process.

A change in the ratio between direct and indirect consumption of
vegetable products would change ultimate availability of food in
terms of caloric value, and might therefore play a role in a world
food policy. In addition to agriculture, the contribution of fishery
to human food requirements should be taken into account. It will not
be easy to assess the possibilities of non-conventional food
production; expert opinion differs rather widely on this point.

John Garbutt
May 20, 1974



CONFLICT DYNAMICS IN THE CONTEXT OF GLOBAL MODELLING

P.K. M'Pherson (Professor of Systems Sciance, The City University, London)

Introduction

Some two years ago when the "Limits to Growth" study was made public and

its many imperfections became apparent a group in the Department of Systems
Science* formed to consider what contribution it might make to render the
embryonic art of global modelling more realistic and less open to criticism.
We were a group of dynamicists and political scientists** who, being busy
faculty members, had little time to spare for an additional rescarch project
but we were also reasonably sure that global modelling was a legitimate
enterprise in the Futures field and that it deserved serious attention. It
seemed to us that the exercise of global modelling would (1) yield additional
understanding of the various mechanisms that govern the interactions between
regions, resources, economics etc., and (2) provide a promising test-bed for
the evaluation of long-term policies and strategies. But it also seemed to
us that the best climate for global modelling at present would be provided

by a considerably reduced concern about what ought to be done about world
issues balanced by a considerably greater attention to the development of
global modelling as a valid technique for the study of such issues. Finally
it seemed that the philosophical and scientific problems underlying both the
exercise and technique of global modelling were of such an order that there
was no question of letting a band of inexperienced Ph.D. students loose to
research on the problems until those problems had been identified and ordered

by maturer study.

So this group had neither the inclination nor the effort to produce yet another
world model. But there was one thing that we could do: we could discover if

it might be possible to bring real, behaving squabbling people into such

*
The City University, St. John Street, LONDON, ECIV 4PB, U.K.

*%
Visiting Professor Maxwell Noton, F.J. Charlwood, F. Edmead, F.R. Janes,

C.R. Mitchell, and the author.



models. The political scientists in the group are specialists in international
relations and conflict research; this meant that our combined skills would
allow us to bring some competence to the problems of constructing a mathe-
matical model of conflict behaviour., So some two years ago we launched a

very part-time project to explore the problems of representing conflict
dynamics in the context of global modelling. In doing this we would be con-—
tributing both to political science and to the development of world modelling

methodology.

Our progress has been slow: the part—time nature of the group has been noted
already, but we have: also proceeded at a rate which the discipline of political
science can just bear. It would have been only too easy for the dynamicists
themselves to have concoeted an apparently plausible model of conflict within

a week or two after some conversations with the political scientists. But that
is nmot our method: our model was to be developed within the theoretical frame-
work of political science as well as within the much more highly developed
theoretical framework of control theory and model dynamics. Accordingly we
spent many months searching for and arguing about appropriate theoretical
structures for a conflict model and then trying to define behavioural indicator:
tnat would be both useful in a mathematical model and acceptable to at least
some mainstream political scientists. Our political scientists provided the
vital link between the orthodox study of political phenonema and the dynami-
cists who were all too anxious to bring their high level mathematical language
to bear on the problem, (and often astonished that any discipline calling it-—
self a science could be so spare of recognisable theory). Hence our progress
has been slow because we refused to break the links between what we were doing
in mathematicising conflict analysis and the parent field of political science.
Our model is trivial by the standards of the systems engineer or operations
researcher, but it is light-years ahead of what the more orthodox political
scientist can tolerate. I labour this point because it seems to me that many
of the woes that have descended on world-modelling are due to the impatience

of some of the teams so engaged and their breaking of the links between their
modelling exercises and the appropriate parent disciplines. We console our-

selves in our slow progress with Aesop's fable of the tortoise and the hare.

Aims and Objectives of the "City" Conflict Dynamics Model

Aims: i) To investigate the application of mathematical modelling and control
theory in socio-political systems, particularly in conflict resolu-

tion.
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ii) To gain insight into the structure and behavioural dynamics of
complex socio-political systems under stress and deprivation.

ii1) To offer a method for adding models of human behaviour to the
existing range of world models, (at present their "Population

Model" treats people only as consumers, copulators and corpses).

Objectives: 1) To discover what socio-political data and indicators are

required for the adequate mathematical representation of

conflict behaviour.

ii) To construct a conflict model that will be compatible with
the dynamics or causal layer of the current range of world

models.

iii) To estimate a hostility indicator which would "measure'
the increase of hostile attitudes between or within popu-

lations as a function of world model variables.

iv)  To use this indicator to suggest conflict thresholds in
world models. (Any slight acquaintance with the human
animal leads one to suppose that he will be fighting his
neighbour hard long before the onset of the final calamities
"predicted" by some world models. Thus it is important for
world models to trace human hostility as well as such quan-—

tities as resource scarcity, quality of life, etc.)

Problems encountered

The main problems encountered so far have been:-

i)

ii)

Conceptualisation: the social and political sgiences are full of fuzzy
concepts like political power, social stability, social integration, dis-
content etc. These need to have very clear operational definitions if

they are to provide key variables in a mathematical model.

Theory: again there is a noticeable absence of rigorous theories of
process and structure in the social and political sciences. Such as do
exist are in verbal form, (and often very diffuse): these must be trans-
lated into mathematical equations in such a way that the underlying

meaning and implications are retained.

iii) Data: a) the difficulty of finding indicators which relate to the

variables commonly used in the social and political sciences,
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e.g.: (number of cars or number of doctors/person) —» Modernisation,

(rates of suicide, alcoholism, emigration) —$ Discontent.

(b) the paucity of data relating to political and conflict theories
(There is nothing like a '"Cobb-Douglas 'Hostility' Function"

carefully rescarched and compiled over the years!).

Structure of the model

There was no need, and even less justification to construct an overelaborate
model so we contented ourselves with the concept of two distinct ethnic popu-
lations within one economic boundary - the conflict between the populations
being engendered by the deprivation (actual and perceived) of one population
relative to the other, (Fig. 1). Such a model, simple though it is, is typical
of many conflict situations in the world today, e.g. Canada, Cyprus, Pakistan,
South Africa, Ulster. (Good manners prevents us from suggesting that other
empires, whether Tmperialist or Socialist, might also have left behind, or be
causing, similar conflicts!.) Such intranational conflict has the attraction
that the data for only one distinct region need be researched: clearly ampli-
fication to represent economic hostility between, say, the developed and under-—
developed worlds is a matter mainly of aggregation, (not forgetting that, at
this level, differences of cultures, needs and colour may have a more signifi-
cant effect). To give focus to the construction of the model the team concen-

trated on the South African situation.

The basis of our model is taken from the work of Gurr, Rummel, Johnson, Tanter
and Davies (1), particularly Gurr and Davies who suggest that discontent with-
in a political community is one of the main causes of violent behaviour. A
conceptual model of the manner in which discontent is converted into more or
less violent behaviour proceeds as follows, (Fig. 2): a sense of Relative
Deprivation (RD) is produced in a black-box which receives a set of unspeci-
fied inputs. The sense of Relative Deprivation is processed in another black-
box amplifying or diminishing the sense to produce a feeling of Discontent (D):
influencing variables would be such factors as the perceived legitimacy of

the deprivation or the injustice of always being (apparently) the underdog.

The feeling of Discontent is further modified in another black-box to provide
a behavioural response output: Conflict Response (CR) which maps into a

scale ranging from Resignation through Non-violent protest to Violent Conflict.

Influencing variables on this last black-box are such factors as anticipated
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punishment if caught, official opportunitics for institutional protest. The
black-boxes are, of course, the behavioural mechanisms of the individual

person.

After considerable deliberation the group settled on seven socio-political
variables to represent bipolar conflict within a regional population wherchy
the discontent in one segment of the population (B) arising from its sense of
relative deprivation is transformed into hostility towards the other population
segment (A) which appears to be impeding B's aspirations and expe~tations. The

variables we selected were:-

1) Community size: P 2) Political Power PP
3) 1Internal cohesion CHS 4) Discontent DSC

5) Hostility HOS 6) Conflict Behaviour CFL

7) External support ESP.

Suffices A, B denote the two groups within the community. A is assumed to be
an initially dominant group while B is an increasingly restive group of low
social and economic status. The mode] has been extensively reported else-
where (2,3) and no detail will be presented here. Figure 3 summarizes the
structure of the socio-political section for population A: the model for
population B is similar. The underlying economic model is quite standard:

as can be seen economic variables are reflected strongly in the socio-political
sector but only the conflict behaviours of the two populations are used to
interact with the economic model, (a rise in CFL

A
of capital investment and hence causes a drop in production.)

and‘CFLB reduces the rate

The argument of the model follows the basic Gurr/Davies concept in that a
feeling of discontent is externalized as hostility towards the other population
(scapegoating) which causes, in turn, conflict behaviour to a greater or lesser
degree, (thick lines in Fig. 3). This basic bebavioural pattern is modified
by each group's sense of cohesion and political power, (both of which are
deemed to be self-reinforcing, hence the positive self-loops round CHS and PP).
The variable representing aid and succour from the outside world, ESP, is
thought to encourage a population towards self-realisation, but the support
will be reduced if the level of conflict behaviour rises. The actual inter-

dependency of the variables can be deduced from a detailed scrutiny of Fig. 3.
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It will be seen that this model treats conflict largely as a matter of
economic status and well-being. This 1s a gross simplification, but it ties
in with the materialist bias of current world models and it is a not too in-—

accurate representation of the jealousies that presently afflict us.

Quantification of the model

Considerable thought has been given to the problem of defining the indicators
for the socio-political variables in the model and a large number have been
listed which are probably countable. For example some of the indicators listed
for Cohesion are: geographical concentration, exclusiveness of organisations,
(social, political and trade unions), level of intermarriage, separateness of
education and religion, low level of social contact, distinct employment
patterns, strong self-image. Such indicators come quite readily to mind but
their relevance as proper measures for the variable in question must be de-
monstrated by careful analysis and correlation of the available data. Further
many of the indicators either in the literature or suggested by the team are
clearly not independent: for example a high voting turn—-out for community-
based parties is thought to be one good indicator for political power, hut it
is surely also a measure of cohesiveness as well; on the other hand voting
absentceism is often taken as a measure of discontent. Clearly an enormous
amount of careful painstaking research is required before a set of valid,
independent and inclusive indicatorscan be established. This work lies in

the future and is one of the major issues that confronts political science.

To gain some experience with the use of such models the team indulged in a
pseudo—~quantification exercise to provide "reasonable and representative'
numerical values for the coefficients and time constants in the model. The
numbers were obtained via the Delphi method (a grand name for "guess™!) and
after a few iterations a coherent set emerged which the team agreed represented
their collective understanding of the generalities of economic apartheid. The
insertion of the numbers allowed useful work to be done in eliminating some
clearly unreasonable unstable economic behaviour, and subsequent runs indicated
that the model responded in an interesting if limited way to changes in such
basic parameters as rate of change of GNP and population. It will be under-
stood why the team is unwilling to publish these response curves: the model

is fiction in that the "data" was invented and the runs were made only to
establish that the model was useable ... and of course we were curious to sce

what the responses indicated!
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Further work

The immediate development is at a standstill due to the complete lack of data
and validated socio-political indicators. To overcome this barrier is a
major exercise and we are secking support to finance full-time researchers

to create the necessary data-base and establish the appropriate indicators.
We now know what to look for. In the meantime we intend to repeat the work
we have done, but this time for international conflict as the data at this
macrolevel has been subject to more research. We will also look at alter-
native approaches such as simulation and gaming. We have examined already
the use of fuzzy linguistic variables rather than fuzzy numbers, but our
initial enthusiasm for Zadeh's ideas are beginning to wane. One interesting
exercise has been undertaken using fuzzy sets to represent uncertainty in
such models, but at present we cannot see that the use of linguistic variables
offers any significant practical advantage in our kind of simulation: it's

a lovely theory but is there any real increase in computing efficlency or

realism?

Conclusions

At first sight our effort over the last two years or so might appear to be

discouraging: we have made no breakthroughs, and we are only too aware of

the magnitude of the task that lies ahead before validated and quantified

mathematical models can be used as a matter of course in the analysis and

prediction of socio-political behaviour. However our work has shown that

i) it is possible to convert the verbal theories of political science (as
referred to conflict) into mathematical form in a manner that is accept-—

able to political scientists.,

ii) such models promise to be representiative of community behaviour and can,
|
therefore be used to acquire imsight, to obtain better explanations, and‘

- perhaps - to make predictionms.

iii) such models could be used to provide appropriate conflict indicators in

world—models.

iv) there is nothing in principle to prevent the modelling of many other

aspects of socio~political behaviour.

v) the undertaking of such an exercise identifies with considerable precisi
the areas of research required within political science to provide a

formal basis for the model approach.
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I. A NEW TYPE OF PRODUCTION FUNCTION

1. CONCEPT

The development of the General Production Function is based
on a certain understanding of the functioning of societal
systems in.general. Therefore, we think it will be useful to
start with some remarks on the underlying concept. At first,
it'should be noted that society can be thought of as a
complex, multihierarchical system. This system is character-
ized by the interaction of a great number of subsystems, and
it is this interaction which enables the overall system to
function. Economy is one of these subsystems. Therefore, if:
‘we want to understand how this subsystem works, we must

go beyond the economic sphere proper and consider also the
interrelations with other subsystems.

.Society has another characteristic feature in common with

other systems, namely ‘its ability of processing energy and
information. The economic output of a social system'is there-
fore governed by its capaaity to cope with these two fundament-
al processés. Argumenting in such a way we are applying a
concept which clearlyishows the influence of K. W. Deutsch

( 9), who understands society as a self-developing cybernetic
system: Superimposed on a control system, in which the material
processes'take place, there is a system of information recept-
ors, information channels, information storing units and
logical units. This network receives information on the actual
situation, on environmental changes and on the internal struct-
ure of the system. It then processes this information using
additional information stored in the past. This process gives



rise to new information which regulatesthe measures to be
taken, that is to say the commands given to the control

mechanism.

The energy processing capacity of a system as well as its
capability of mastering information are not sufficient to
determine a system's economic output. A third component is
needed to describe adequately the complex processes Jjust
mentioned. On the one hand, this third factor reflects the
objectiveés toward which the efforts of this system are
directed. On the other hand, however, the way the system

is organized, i. e. the regulation and coordination of the
energy and, in particular, the information processing operat-
ions, also ought to play a certain role. These two. components
are the chief determinants of the third factor, i. e.
structure. This factor, thus describes the objectives of the
system and the organisation of its energy and data proces-
sing subsystems, that corresponds to these goals. -

This model, of which only a short outline has been given here,
has served as a basis for the investigation of the societal
subgystem economy. The chapters which follow will ghow how

a country's economic performance can be described as a
function of its energy and data processing capacity and of

its structure.

2. THE FACTORS INFLUENCING ECONOMIC DEVELOPMENT

Applying the concept described above to the study of economic
development we are led to formulate the following hypothesis:

y = F (m,b,p,r)



per capita income (y) economic output

energy consumption (m)
(capital)

education (b) = data processing capacity

- energy processing capacity

values, type of organisat-
ion, types of behavior

structure (p)
and mineral resources (r)

The use of some of the above mentioned production factors
is more or less common practice.

2.1 Capital

The factor capital - which, as will be shown below, shows

a close correlation with energy consumption - constitutes

a common component of almost any economic production function.,
The relationship between capital input and economic perform=-
ance has been dealt with in a great number of previous
studies, and we find also attempts to measure this relation
on the basis of international comparisons. A study by
Galenson and Pyatt (15) is such an attempt to test the
assumptions underlying the theory of growth by means of

an international comparison. Thereby it has become apparent
that too aimple assumptione are not suited to explain: the
tnternational difffrenaeo in aconomta growth.
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Pig. 1: Investmente and growthratee in the ocountriee of the
world



Obviously this study has run into difficulties. The authors
are confronted with problems which are very similar to

those encountered in many other studies, relying on inter-
national comparison as a,means of testing their hypotheses.
For the most part these studies have not succeeded in taking .
account of the great number of geographical, cultural, climatic
and political differences among the individual countries of
their sample. In other words, the observed differences in
income (dependent variable) result from heterogeneous in-
fluentes which cannot be adequately explained by differences
in capital inputs. They must be explicitly controlied and
entered sepafately into the study; Not taking care of these
influences corresponds to a non-fulfilment of the ceteris~

paribus-condition.

2.2 Structure

This gives rise to the demand for an efficient methodology
which takes account of these various influences. One such
method would undoubtedly consist of forming groups of
countries within which the combined effect of these non-
observed but felevant influences on each c¢country is nearly

constant.

An important clue for the formation of such groups of
countries could be provided by observing the health develop=-
ment in the different countries of the world since the be=
ginning of this century. The time series from all countries
of the world for which figures are available have shown,
that the deyélopment of health is fairly uniform within
groups of countries, these groups being at the same time
sensible geographical aggregétes. The differences between



the groups are big enough to decide to which group a
specific country actually belongs.
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Fitg. 2: Health development in South Amerioa.

There are three dietinct zones, the La Plata States,
the Central American Statee and the rest of South
America (Andean States),

Without going into details of the problems enccununed‘here,

we may interpret this observation as follows: Health statistics
provide one very fundamental indicator of the deJelopment

of a society. Here we are measuring the "pulsation" rate of

the societal system as it were. It is governed by many factors
which cannot adequately be measured directly. We may consider
the adoption of medical innovations as one part of a more
general social process, which is the adoption of innovations

in general and which we call "learning process" - this
hjpothesis will be supported below by international comparisons
of the rélationship between education and economic performance.
Thus, the regions differ as to their readiness and capabili=-

ty of adopting innovations. This general statement is based

on the observations made in one subsystem of the society,
namely the health system. For it is the greater or smaller
readiness tc adopt medical innovations that is responsible

for a more rapid or slower improvement of health conditions.



APRICA SOUTH

Wil

it Tapectoncy

etuss ¢z

1920 "o 1040 1930 1780

Pig. 3: Health development of the African, Astan and European
population groups in South Africa

The diagram refers to the situation of countries
whose population comes from three different oivil-

teations.

The differences in health development in the various groups
of the population are striking. The development in each of
the groups resembles that of the corresponding region from

which the groups originated. This leads to the interpretat-

ion, that the "structure"”, ©. e, the value system, the pat-

terns of behaviour and the typee of organieation: constitute
an important factor responsible for the differences observed

with regard to the development of health.

The European countries can also be classified into zones
according to their different health development.
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Fig, 4: Health development in Europe

There are three zones, Northweetern Europe, Southern
Europe and Eastern Europe. Southern Europe and
Eastern Europe eshow much the eame development.

Applying the classification in groups of countries as present=-
ed in Fig. 4 to the data of Fig. 1 in order to Beparate the
two groups of EurOpean countries we arrive at a meaningful
relationship:

Rates of Growth (%)
{ ]
N

v Y T
A ,' v

Investment ratios
(% of GNP)

'Fig. §: Investments and growth rates in two groups of
European countries

The observations in thie diagram are data taken from
Fig. 1. They show, that meanzngful relattonethe extet
within groupe of similar countries.
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nvestment lie on different levels in countries with dif-
erent political and cultural systems. This observation
uggests, that the differencee of the political and cultural
truocture affect the effectiveness with which capttal ta
aed, thus the energy processing capacity. In addition to
his factual finding, the evidence presented gives rise to
he methodological remark, that reliable results in inter-
ational comparisons can only be obtained if due account

8 taken of the ceteris=-paribus-condition.,

.3 Education

The majority of the studies made so far have considered man
as an element of an undifferentiated factor "Labor" and

have used just the number of people in the working force

as one of the input factors. Various abilities, differences

in the level of education (which correspond to differences

in information processing capacity) have so far been neglect-
ed or have not been examined in relation to the other factors.

But if we take a look at Fig. 6 we find, that it is obvious-

ly a ocountry’s lavel of education which happens to be very
significantly correlated with ite economio performance and
that, therefore, this factor has to be included in a product-
ion function,

4

A relationship similar to that presented in Fig. 5 has been
pointed out by Krelle (25) to confirm the close fit between

" capital investment and economic growth as formulated by the

theory of growth. This study used essentially data from indus=
trial countries. This, however, corresponds without being
spelled out explicitly to the classification of countries
according to the criterium of similar structure.
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Ftg., 6: Per capita income and literacy rates in groups of
countries with eimilar atructure

The diagram shows the close fit to the exponential
relation between the economic output and level of
education,

Closer examination of the relationship between education

and income in a cross-section of countries reveals that

the aggregation of countries according to the criterion

of similar health development is also a good criterion for
this purpose. The regression coefficient of the education

is practically the same in all the regions.+ The intercepts
of the regression lines however differ from one zone to the
other. Significant differences however do occur ohly between

five large zones of the world.

The evidence presented thus far can be summarized as follows:
There is sufficient empirical support for concluding that a
country's economic performance t8 mainly determined by three
factors, namely capital:(energy), education (information) and

etructure.,

+ Regions-are‘defined by the criterion of equal health
development.
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2.4 Natural_resources
Examination of the output differences among the countries
of the world reveals, that, apart from the factors discus-

sed so far, the occurence of mineral resources ts an additicnal
relevant faotor.
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Fig. 7?: The epectal position of Venesuela, Trinidgad and

Tobago in the comparison of per capita tncome and
literacy itn South America

Veneauela's large deviation from the regression line
18 very etriking and can be explained, even quanti-
tatively, by thie country's important oil production.

The important influence of mineral resources on the level of
economic output is supported by observations in other regions,

in particular in the countries of the Near East and in
Africa.

If we now combine all the individual factors mentioned
separately so far we end up by getting a functional relation-
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ship which explains the international differences in economic
performance very well. The combination of capital, education,
atructure and natural resourcee has a much higher explaratory
power than the simple ragreeston on a single factor. This

ig demonstrated graphically in Fig. 8.
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Fig. 8: Comparison of observed per capita tncome and its
eatimated as caloculated valus when account te being

taken of all the factors

All factors combined yield a much higher explanato-
ry power. Diascrepancies betwaen obeerved and calcu-
lated values are insignificant.

The individual factors atre combined by means of the so-called
General Production Function, which will be described mathe=-

matically in the paragraph which follows.

3. MATHEMATICAL EXPRESSION OF THE "GENERAL PRODUCTION FUNCTION"

- 1 ]
1 3 0,25 \-f b \-f|" ¥
y & py,,md av e’ [,}(’“ . ) + %(ﬁ) ] +0,8 0 (1)
. b | |

Am

 per dapita income, measured in Us-dollars
per inhabitant (annual)

efficiency parameters

y l'c“

P,z o
a ... employment ratio
per capita capital input, measured by means

m. e
s of energy indicators
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b e qualification of labor, measured by using
educational indicators

r cee natural resources index, measured by the
value produced by mining operations, etc.

Expression in parenthesis: limitationality parameter.
This describes the diminishing efficiency of additional
input units of capital or educational effort when de-
parting from the optimal relationship (see below).

The exponent of m and the coefficient of b have been estimated
in a cross-section of countries by econometric means. While
the parameters are not exactly 1/4 or 1, respectively, they
do not depart statistically significantly from these values
used for the sake of simplicity.-

A closer look at this equation reveals an interesting relation
between the General Production Function and the well known
Cobb-Douglas Function which is of the type most frequently
used in computing and estimating macro-economic production
~ functions. It has been estimated for the first time for the
United States and describes the relationship between both
capital and labor inputs and income. The Cobb-Douglas Function
can be regarded as a spectial case of the General Production
Function: if the two factors education and structure remain
constant (social technology, organisation and management,
values system etc. remaining static). In this static case
the General Production Function becomes formally identical

with the Cobb-Douglas Function.

If we convert the per capita relationships of equation (1)

to total values, while assuming no major departure from the
optimal relationship (leaving out the expression for‘éomplement-
arity) and disregarding natural resources, we get

1 3 i 3
. 4 M Alg b, b T aAF
y = Vv E ptz(v)U (v) e H Y s Ptz e s MY A (1a)
‘ constant
capital letter +.... total value

v +vsss population
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Thus the time-series of American production from 1899 to

1922 explained by Cobb and Douglas Could equally well be
explained by the General Production Function, assuming
education and structure to have remained more or less constant
over this period. As a matter of fact (as can be seen in

Fig. 9) the education explosion in the USA started a f t e r
1922. Similar observations might be true about the structure
which possibly began to crumble and become dynamic only with
the onset of the Depression.
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Fig. 8: Number of college graduates in the USA for the
years 1870 - 1970

It ig¢ olearly evident from this diagram that the
education exploeton in the USA began only after 1020.

4, CONTRIBUTION OF INDIVIDUAL FACTORS TO THE PERFORMANCE OF
THE ECONOMY

When it came to the task of measuring the information proces-
sing capacity of the system - which is closely tied to the
qualification of labor = figures pertaining to the education~-
al structure were used. These figures were derived from en-
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rolment data in three different levels. They represent the
amount of primary, secondary and higher education in the

respective countries.

Education appears to be a more reliable measure of quali-
fication of labor than, say, length of employment - which
could bé taken as an indicator for learning-by-doing. This
is so because the latt%r is not simply time-dependent, but
is highly modified by the native intelligence, educational
level, and willingness to learn of the person subjected to
this process. If one, on the other hand, uses educational
statistics 4s indicators, one arrives at a measure probably
containing all the components just mentioned. Such education=
al data not only state mere length of training, but also -
as a result of drop-outs and retardation - the ‘components
"adaptability" and "willingness to learn".

Summarizing the empirical evidence concerning the relation
netween education and the other factors of the General Product-
ion Function we may state: first we find an exponential
relationship between the qualification of labor (i. e.
education) and economio performahce; then we observe that

there exists a certain amount of complementarity between .
qualification and capital; and finally we see that a similar
relationship holds for the subfactors of education, i. e.
primary, secondary and higher education are substitutable

only tn a very narrow range.
w11 Exponential relationship of education and income
As opposed to those concepts which understand the contribution

of education to income as the rates of return to human .
capital (i. e. capital accumulated in the process of education),
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the empirical evidence presented supports very strongly

the existence‘of an exponential relationship between the
two variables. This is to say, that a linear increasé in
education produces an exponential increase in the economic
output. If we interpret, moreover, education as an indica-
tor for the information processing capacity of the system,
we see that'this exponential relationship can be deduced

from the basic concepts of information theory.

4.1.2 Time-lag between education and its economic effect

Another important aspect to be dealt with when scrutinizing
the relationship between education and economic output is
the fact, that a time lag of ten to fifteen years ariats
between an "injection" in one of the categories of education
and its eventual effect on the economy. It is this time lag
which makes a trial-and-error control of the educational
system via the labor market so extremely difficult dnd which
makes this type of empirical market feed-back so prone to

oscillations.

4.1.3 Complementarity of factors

The factors education and capital do not occur in random
Eombination, but we observe only a limited degree of substi-~
.tutability between these factors. This implies, that the in-
formation procesaing capacity is tightly connected to the
energy processing capacity. An expansion in one sector only
produces a deviation from the optimum relationship. Such a
deviation is characterized by a suboptimal use of the factor

which is in surplus.

Empirically, we have arrived at the following optimal

relationship!
i/ b . (2)
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A departure of either education or capital from this optimal
relationship results in the relatively smaller of the two
inputes becoming a bottleneck for the economic performance

of the eyetem. In such a case, increasing the proportionately
larger input will. not yield a significant increase in pro-

duction. & #. .
uc t yeelam ™o poae ™’

electricity consunption (KWh per capita)
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indicator for higher education

Fig. 10: Eimited substitutability of education and capital.
The curvature of the tsoquant describes the limit-

ation of substitutability of the two factors. Un-
limited substitutability would correspond approx-
imately to tha dotted tangent of ocurve 2500. The

tnterrupted line represents optimal relation.

4.1.4 Complementarity of subfactors

The concept of limited complementarity can be meaningfully
applied also to the various categories of educationm. It
turned out that the numerical relation between the various
educationdl categorieg differed from one group of countries
to the other. Furtherﬁore, there exiete an optimal relation-
ship, tn the case of which the ecomomic effect of education
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(as a whole) te maximized. If one of the educational categories
. is less developed, tﬁan this optimal relationship demands,
that level becomes a bottleneck of education. Such a bottle~-
neck exists e. g. in the Arabic countries in the field of
primary education, while with the Latin-American nations

the shortage is in secondary education. The latter applies

to the countries of Southern and Eastern Europe, too. Greaf
Britain and her former colonies show such a bottleneck when
it comes to higher education. Investing in t h a t category
of education which represents a bottleneck yields the high-
est returns. An identical investment in a "surplus category"

produces much'sméller'gains.

4.2 Capital_ as_a_factor_of production

In order to estimate the General Production Function the
energy processing capacity is measured on the basis of data
for the total energy consumption of a country as well as by
using the figures for electric power consumption. In using
these measures it became apparent, that for countries, for
which capital stock time series exist, these time series

have a remarkably high degree of correlation with an indicator
reflecting the changes in total energy consumption and in

the use of electric power. This can be expressed in the

following relationship:

0,5 0,25 '
k = my " oomp? (3)
k = capital per capita
my = energy consumption per capita
my = consumption of electricity per capita

The fact that energy consumption turns out to be such a
useful capital indicator has its deep-lying causes. Intro-
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duction of "artifidal" energy into the production process

was the characteristic feature of the First Industrial Re-
volution. If one wanted to put a point on it, one might

even go as far as saying that capital stock were an indicator
for the utilization of "artificial" energy in the production
process. In any case, however, "artificial" energy turned

out to be the prerequisite of mechanisation. This - at leas%
in part - explains the close relationship between energy

utilization and capital.

The contribution capital makes to the economic output

remains more or less the same, regardless of whether we use

the General Production Function or the Cobb-Douglas Function

in its computation. Furthermore, in the General Production
Function it corresponds at least approximately to the contribu-
tion of capital to output arrived at by using the Marginal
Productivity Theory and assuming perfect competition , when

viewing capital's empirically observed returns.

Another such observation relates to technological development
in the production process. Looking at the world-wide develop-
ment over time, the relation of electric power used to total
energy consumption is changing, since the use of the former
increases by a square ratio to the increase in total power
needs. This relation o) electric to total energy consumption
is frequently used as a measure for the technological level
of the stock of capital.(machinery, etc.). Thus it is related
to capital-induced technological progress. One study by

P. B. Du Boff (10), amongst others, seems to support this
interpretation. In dealing with the development of the United
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States in the years from 1879 to 1962, Du Boff states:

"... technological innovation frequently is difficult to
represent quantitatively. Output per unit input does rise
for non-technological reasons ... but there must be import-
ant cases where the reverse is true. One such case seems to
be electrification of manufactufing industries. Here the
rate of technical change can be reasonably well measured

in terms of horse power capacity of power equipment and
consumption of power. Furthermore, this 'revolution' in the.
application of power can be viewed against the background
of clear,-knownAchanges in manufacturing productivity ...".
And, after dealing with the various functions and uses of
electric power in plant modernization, he states: "Electric
power affected the whole scope of these processing services,

by revolutionizing the application -of energy to materials."

Summarizing we can say that energy indicators can be used for
measuring capital astock. Doing this, we take, moreover, into
account abtqél utilization of capital, which corresponds to
what Solow calls "Employed Capital". It encompasses only

that part of capital defined as "active" capital stock (V1z.
plant and machinery excluding bu1ld1ng8).

4.3, Structure_as_a_factor_influencing_the prgggssegn

4.3.1 Static features

Measured in a cross-section, the efficiency parémeter Pz,t

of the General Production Function is the same for all countries
. belonging to_one.group at a given time. As previously stated,
analizing efforts in the field of health makes a division of
countries in 14 distinct groups possible. Some of these

groups have very similar efficiency parameters and thus can

be aggregated into Greater Zones. The characteristic ‘trait
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common to all component states of each Greater Zone is a
constant relationship hetween éapital and education effort
on one and economic performance on the other hand. Countries
within each sone are using capital and education with equal

effiotency.

In the mid-~sixties, using these criteria, the world could be
divided into five Greater Zones with differing efficiency -

parameters.

I 2
B'efficiency
&L
Elrlowest

‘Fig. 11: A map of Greater Zones

It 18 interesting to note that Greater Zones with
differing efficiency parameters — which were calculated
using only the data for per capita income, education,
capital and natural regourceg-~ gtrongly resemble the
vartous groups of countries and areas of a map showing
dominant religtona. The azone of maximum efficiency
consigts almoet exclugively of Protestant nations,

the one ranking Juet below it of Catholie countries -
tneluding Greek Orthodox and formerly Christtan count-
rites of the Mediterranean region. This would seem to
indicate that Max Weber's theories could be to some
extent empirically verified (51). The results of McClel-
land's(31)research can be interpreted in a eimilar way.

The delineation of these Greater Zones of varying efficiency
leads one to suspect that religion is of decisive impoirtance
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when it comes to economic development, i. e. that marked
differences in efficiency are determined by cultural be-
havior patterns and their appropriate structure of social

organisation.

4,3.2 Dynamic features

In a chronological analysis of world-wide development, or

of the development of a specific group of countries, changes
of the efficiency parameter over time become apparent.

This - compared to the old residual factor of the Cobb-
Douglas Function - n e w restdual factor of the General
Production Function refleats world-wide increases in ef-
ftetency. These increases result on one hand from the develop-
ment of new technologies and their adaption to the production
process and on the other from improvements in the ofganisa-
tion structure. The differences in the development of the
efficiency parameter over time that exist between the
separate groups of countries result from varying changes .

in the structure, i. e. the culturally determined behavior

patterns and corresponding forms of social organisation.

4.3.3 Complementarity between productlon factors
and structure

It is highly likely that the complementarity mentioned in
4.1.,3 also exists between the production factors capital and
education on one side and the structure of the system on

the other. This means that a quantitative increase in the
factors capital and education must be matched by corresponding
progessive changes in the structure of organisation in order
to enable the system to process and utilize effectively ever
iﬁcreasing'QUantitieB of data and ehergy. Changes in values
and attitudes on one hand ‘make changes in the structure of
organisation possible, on the other hand they themselves
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actively contribute to such changes. When structures: have
become rigid, and values are formally maintained, they
soon become either hollowed out or changed from inside.

, 4.4 Natural resources_as_an_input_factor

Natural resources are taken into account according to an
index based on the total value of mining and crude oil
production. Using begfession calculation, one finds that
approzimately 80 % of the value of natural resources are
added to the income daetermined by the other faators.

5. SUMMARY OF THE RESULTS HITHERTO OBTAINED

The results thus far obtained by our method can be summarized

as follows:

The effectiveness of the social sub-system economy can be
described by the General Production Function, which shows
certain characteristic traits. It describes economic output
in terms of both material and non-material inputs, as well
as of systemic structure. The input factors are related to
each other according to limited sybstitutability (partial

complementarity).

The concept of defining society as an energy and information
processing.system with varying structure has turned out to
be extremely useful in international comparisons on country
level, aimed at describing and explaining their varying
economic performance. It is only natural that one should
want to broaden this successful concept by adapting it to



other investigations. A particularly important aspect
is, that the General Production Function is qualified
for the whole world, considers the different regions

using the econometrically estimated factor "structure"

and connects economic and noneconomic factors.

From this point of view it seems to be useful to see
it as a contribution to global modelling, especially
to describe the supply-side of economies and their
interdependenée with other subsystems of society.

6. CONCLUDING REMARKS ON METHOD

An investigation about the application of the General
Production Function to global modelling should also
rely on the methods of research that have been success-
fully applied when estimating the General Production
Function on the country level., The individual steps of

our cross country study become apparent in Fig. 12.
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It is important, however, to emphasize the step~by-step nature
of our method. Its basic principle is the interaction between
hypotheses arrived at in theory and the empirical festing of
these hypotheses against reality, which in turn should lead

to a modification, sophistication or correction of the hypo-
thesis, which then again, in its revised form, must be put

to the test of reality, etc.

This kind of procedure can become successful only if an
extremely wide scope of data is available. In principle,

one should attempt to check and test every assumed or found
relationship empirically in a variety of ways. Thus, the

goal has to be an over-defined system of information. This
requires not only the mustering of sufficient empirical data,
but also - and this is important - taking into consideration
all previous studies which investigate more specific areas,
as well as the results from consulting experts in various

fields of specialisation.

It is consistent with our criterion of over-definition that
such an investigation is to be based b o t h on cross-section
comparisons as well as time series studies. Cross-section ana-
lysis compares different countries in one and the same branch
of production, while the time series studies are to compare

the situation of a specific branch of production over timg.

Summing up, the method of investigation suggesteq requires
collecting and compiling an absolute maximum of pertinent
data on one hand, and a step-by-step process in developing
the model on the other. The underlying assumption is that
the model eventually arrived at will show marked similarity
to the General Production Function we have found in our
studies on the country level. In this sense the concept of
General Production Function may serve as a framework to join

the different approaches.
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Theses to Model-building and Possible Consequences

M. Peschel, GDX

t. General Considerations

1. Vith regard to real objects and their hehaviour, models
can play two different roles: They can give a formal descrip-
tion of the real relations between inputs y and outputs x or
they can explain the properties of the objects, if they are
constructed on the basis of profound theory with well-known
physical laws.

2. TFormal models are only an aggregation of information
from the past. Therefore it can be qangerous to extrapolate
their behaviour on inputs y, which were not uscd in the model-
building procéss, or to forecast behaviour in the future.

They can, however, already reflect laws in an implicit form
without our explicit knowledge. They can be very important

as a tool in the hands of experienced decision-makers, but their
use demands cautiousness.

3., Theoretical models are reliable if the conditions of
the corresponding laws are fulfilled. They allow for extrapo-
lation into the future, and a view of the past. Yet for com-
pPlex systems-it is nearly impossible to get purely theoretical
models,

4. It is most useful to combine, in the modelling of real

objects, the formal and the theoretical approaches. In all



such cases we meet some parameters with unknown values.
Fitting processes or parameter-adapting processes must be

used to get acceptable values of the parameters.

II. The Description of Models Behaviour

1. For the success of the model-building process, the
choice of the structure of the model or the class of possi-
ble models is very important.

2. Because real systems are always fuzzy systems we should
want to get a fuzzy description of the real systems. This
leads to deterministic description of some different levels
of abstraction.

3. The 1lst level belongs to a system description with
the help of deterministic relations between deterministic
inputs y and outputs x chosen from allowed areas Y and X
respectively. A deterministic relation is a given subset

of the direct product Y x X
SCYxX

Given y defines a set Ky C X with (y,x) € S for x & Ky.
This is the input-diffusion property which can be ordered
by the introduction of state-variables. Given x defines a
set K C Y with (y,x) € S for y ¢ L This is the input-
pattern-recognition property of the system. Both properties
are equivalent to each other.

4, We meet on the 2nd level, a first approximation to

fuzzy- systems behaviour. tHere we find a deterministie



relation between probability distributions of the respective

uncertainty functions inputs y and outputs x
S C P(Y) x P(X)

5. In real systems also probability-distributions will
be disturbed and become fuzzy functions. Thus, we find on
the 3rd level deterministic relations between the probability

distributions
S C P|IP(Y)| x P|P(X)|

and so on,

6. Statisties have the difficult task to connect the
observations on the 1lst level with the descriptions of all
higher levels. Because of the lack of data, probability
distributioné are often substituted by some functionals,
moments for example.

7. For sensitivity-analysis we need a description on

the 2nd level.

III. Validity of Models and the Contradittory Influences
in the Parameter Adapting Process

1. The aggregation of information about input-output
relationship to a real system is performed by choosing
first a2 convenient structure and then adapting its free
parameters to data, which we can get on-line or off-line

from the object.



2. For fitting the model-behaviour to the information
from the object according to passive or active experiments,
vie need a comparison between object-output ¥ and model-
output x* to common input-signals y. The parameter adaption
process is organized on the basis of the evaluation or
extimation of some criteria Qxl’ ka...,ka which are func-
tionals on the error signal e = x - x*. The criteria have
values, which must all be small, and thus better enable us
to describe the cobject behaviour,

3. Nevertheless, we intend to reach small values for
all criteria Qxi; in the fitting process, we meet contradic-
tions between the criteria~-small values of some criteria
demand greater values of the other criteria. For example,
we get a small value of the mean value M(e) = Qxl; this wdll
bc accompanied by a greater value of the variance oz(e) = Qx2
and vice versa.

4, A great danger for the reliability of the model is
the fact that the parameter identification is a mathematical-
ly incorrect problem. This means that some different sets
of parameter vectors fulfill the same small values of the
comparison criteria Qs Having identified such a "wrong"
set of parameters, the possibility of extrapolation of the
model's properties is strongly restricted.

5. The dominating contradictory relation holds between
the effort Ql and the aim~distance-criteria Qxi‘ We want to
achieve small values of all criteria Qxi with a small effort
Ql' The conclusion is that a given volume of object-informa-
tier (Ql) can lead only to a certain approximation of the

object behaviour.



6. Often we look on the problem of parameter estimation
as an optimal control problem: Given a certain effort Ql we
want, through a choice of decisions, to reach the smallest
possible values of Qxi' This point of view leads to the
demand to find a sequence of optimal experimental plans Y;
to solve the optimization problems. RBut optimal plans need
not be representative of the whole area of allowed input
signals y. This is very critical only for descriptional
models and less critical for theoretically better founded
models.

7. Every parameter adaption process possesses an inner
contradiction between memory in the form of the values of
some state variables of the seeking process, and the actual
information on Qxi' In the stratepy we must conclude a dy-
namic compromise between memory (influenced by past experience)
and the actual information (influence from the present).
This means, in fitting a global model to past data one should
use forgetting functions on the values which will have rela-
tive weights of the data in different time intervals. With
the decreasing distance between our actual position in the
parameter space and the aim, the compromise between past and
present should move into the direction of giving the past
an increasing weipght. Adaption and designing the compromise
between past and present are equivalent.

8. The use of only adaption procedures in the parameter
seeking process contradicts the fact that in reality, we

have a problem of optimal control. Therefore we should



look for values of the model in the future by procedures of
forward-playing, and combine such a strategy with that com-
ing out from a pure adaption process.

9. In real model building processes the prescribed
contradictions are related to eachother; this means that
the parameters for concluding the compromises are interde-
pendent. It can be useful to use coordinating strategies
to take into account the relationships between all these

contradictory influences.

IV. Aggregation of the Information Included in a Set of
Rough Models

1. Every model building method can only lead to a more
or less rouprh model. This means it makes no sense to
demand that in a rough model we can discriminate between
parameter vectors having a small distance. It is a pattern-
recognition problem with not disjoint classes.

2. Different model building procedures possess different
parameter spaces Aj‘ A given object leads through the para-
meter estimation process to a point Pj € Aj’ which is a fuzzy
point because of stochastiec influences and the crudity of
the model building process. By expert estimation or with
cluster techniques we can approximately get a set of classes
Kg in every parameter space Aj'

3. By expert estimation or with cluster techniques we

can estimate a fuzzy mapping fi’ defined on the classes Kg

and transform them into a common description-space A for

all models in the spaces Ai'



L, By applying fi to Kg we get the structure of fuzzy
classes of models Rg in the common space A. VWe can use these
class structures to construct a new structure Rj by the
composition of the structures ig using the technique of
estimation of the fuzzy objects with the aim of petting
classes Rj which are sharper than the classes in the dif-
ferent parameter spaces Ai‘

5. We can also use a competition between the different
models in the spaces Ai for the same object in the sense of
mixed strategies (game theory) or in a switching process

which time after time prefers one or the other model.
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PREFACE

This is a report on the activities developed by the Project Group

GLOBAL DYNAMICS in the first two months of its existence. The re-

port aims at offering to a wide circle of persons interested as complete
a picture as possible of the work, the directions into which it is
developing, and the results that have been obtained. It is in particular
presented to those who already expressed their interest and their
willingness to cooperate but with whom no contact could be maintained
owing to pressure of time.

It is a risky enterprise to write a report for such a wide and
very diversified circle of persons interested, particularly on the
subject of Global Dynamics. What has too little nutritive value for an
insider may be all but indigestible for someone else. In addition, the
chance of incorrect interpretation is not inconceivable. However, just
as the study of the problems raised by the Club of Rome seemed necessary
despite possible snares and pitfalls, so the drawing up of this report
seems imposed upon us.

Those who like exciting reading and daring pronouncements will find
little to their taste in this report on studies that aim above all at
being thorough and reliable. So be it. One of the decisive motives to
tackle this task was that with this important and urgent subject may be
connected so great interests that it must be dealt with in the university
world with its deep-rooted tradition of objectivity and independence.
The type of reader referred to above will do best by skipping the whole
report; the chance that he will interpret it incorrectly is not remote.

More important are those readers who are interested in the general
problems but less in the control and systems engineering approach followed
by us. We would recommend this group of readers to skip the chapter on
the activities (Chapter 2) and to read only the.chapters Introduction,
Organisation, and Summary and Supplement.

And, finally: Names of members of the Project Group are seldom
mentioned in this report. The Group presents itself here as a team, and,
as behoves a good team, many important contributions from the individual
members can hardly or not at all be isolated from the whole. Therefore,
to all documents emanating from the Project Group (see Znter alia the list
at the end of the report), and hence also to the present report, applies
that in principle a name identifies only the person who ultimately made
up the text in question. Only two persons may claim to have contributed
to virtually all documents, viz. Mrs. C.C.M. de Jong and Mrs. J.E.M, van
Bergen, the unsurpassed members of our Group secretariat, whose world,
owing to this project, has become even more dynamic!

PROJECT GLOBALE DYNAMICA Insulindelaan 2 Eindhoven (Netheriands)
Codrdinator Prof.ir. O. Rademaker Postbus 513 - Eindhoven
Technische Hogeschool Eindhoven Telefoan 040 - 472885 bgg. 472881
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INTRODUCTION

What went before

We assume that the reader is, at least superficially, familiar with
Limits to Growth (3) . This book was preceded by the book World Dynamics
by Forrester (1) and two informal reports by Meadows et al. (2). It was
primarily Forrester's book that attracted attention in several places

in this country. One of these places was the Central Laboratory of the
Dutch State Mines, where Van der Grinten and a number of associates
responded to the invitation with which Forrester prefaced the presentation
of his model: "The reader should examine the assumptions and relation—
ships (of the mathematical model about to be presented) for plausibility.
If he were to engage in extending and refining the model, he would want
to test htls alternate hypotheses by altering the assumptions given here
to determine which changes in asswmptions result in significant changes
in system behaviour. We are interested in the possible modes of behaviour
of the world system. Before one ts justified in devoting large amounts

of time to individual asswmptions, he should see something of the total
system behaviour. Also, after a system model is operating, Tt is possible
to examine sensitivity of the system to the various asswmptions and to
tdenttfy which are most important and need to be refined. One makes

most rapid progress by following an iterative procedure in which he
quickly comes to an approximate model, then examines behaviour of the
system that has been described, and finally returns to improve the asswnp-
tions and the interpretations. This book is the first of such tterations;
it s intended as much to present methodology as to yield conclusions”.

In December 1971, Van der Grinten and De Jong published some provisional
conclusions of their work (4). Starting from the results of simulations
using a simplified model, they made it plausible that in Forrester's model
"there are a number of extremely critical quantities having a sensttive
effect; so sensitive indeed that only very carefully following Forrester's
assumptions leads to results as obtained by him. One wonders, then, why
these situations and not other equally probable stituations have been pub~
lished, or why not a simulation has been set up with boundary conditions
and parameters which fluctuate statistically within an acceptable range
("Monte Carlo' method)'". Apart from this - i.e. not based on the simulation
results - several other objections were raised, for example the objection
that poorly known relations are supposed to be extrapolatable and reversible.

On February tlth, 1972, Van der Grinten in the Measuring and Control
Seminar at the Eindhoven University of Technology held a lecture entitled
"The world of Forrester and the Club of Rome. Control and Systems Science
econsiderations and suggestions concerning dynamic world models". With
some fifty pecple interested, including many colleagues in the sphere of
Control Engineering, views were exchanged regarding the contribution that
might be made by control and systems science to the study of the problems
brought up for discussion by the Club of Rome. The conclusion was that in
view of the important social implications of this work for the world as
a whole, in view of the importance to the Netherlands of being involved
in it as closely as possible, and in view of the knowledge and skill with

See Bibliography at the end of this report.



VI - p.4.

respect to working with dynamic models at the disposal of this
country, it was of importance to create at a short date a project
group whose nucleus would comprise the combined Measuring and Control
groups of the E.U.T., in particular the section of the Department of
Applied Physics (henceforth to be referred to as Section NC). From
several sides active co—-operation was promised, among which the Royal
Dutch/Shell Laboratories at Amsterdam, the Central Laboratories of
the Dutch State Mines, the Computer Centre of the Delft University
of Technology and also the Subdepartments of Mathematics of all Uni-
versities of Technology and the State University of Groningen, and,
of course, of the Universities of Tilburg and Eindhoven. Numerous
others expressed their preparedness to take part in the thinking and
the activities whenever they would be asked to do so. The Work Group
Future, consisting of about a dozen very prominent scientists,
business leaders and officials, for example, Nobel-price winmer
Professor J. Tinbergen, Royal Dutch/Shell president Mr. G.A. Wagner,
Minister of Economic Affairs Professor H. Langman, Director of the
National Bank and former prime minister Professor J. Zijlstra and
Club of Rome member Professor C.J.F., Bottcher, was known to welcome
such an initiative. The project and the project group had come into
being.

Intentions

The name GLOBAL DYNAMICS was chosen to refer to the project as well as
the project group, the word GLOBAL indicating the object as well as the
chiaracter of the study.

Starting from mathematical models set up by others, the project
group, in close consultation with specialists with respect to social
science and/or management (henceforth to be referred to as soecial
gpectalists), aims at making a control and systems science contribution
to solving the problems brought up for discussion by the Club of Rome.
Its attitude is professional, independent and objective, and on these
grounds susceptible to ideas of - and co-operation with - others (also
where persons or groups of persons with explicit and political views
are concerned); its results and pronouncements should, however, be
strictly reliable. All results are public, and hence available to others
for interpretation.

What exactly does the handsome name control and systems science mean?
Control Science is easily defined as the combination of control engineering
and control theory, and this defines the term sufficiently well, but
what has to be understood by the fashionable name of Systems Secience?

In our case it roughly means the knowledge and skill with respect to the
study, based on mathematical models, of the dynamic and static behaviour
of all kinds of systems, i.e. objects consisting of a number of inter-
acting components, like a machine factory, a chemical imstallation, a
natural gas network, the humen eye, and the world.

The nature of the approach may be elucidated in two ways. First,
by the enumeration of the weake; spots a control and systems engineer
may discover in the MIT studies . To avoid misunderstanding it should be
remarked that the work done by Forrester and Meadows et al. commands deep
respect, in particular in view of the extremely brief space of time in
which it was performed, but that this does not remove the necessity of
identifying - and filling up - any gaps. Secondly, the character can be
illustrated by the following list of action items in correspondence with
which the activities will be reported on in the next chapter.

See Appendix.
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Items of action of the Control and Systems Science Approach

1.

Insight into the model and understanding of its behaviour

The model presented by Forrester is essentially much simpler than
it is suggested. Analysis of structure and functions, behaviour
and inner working may render self-evident what at present still
seems 'counter-intuitive'.

Sensitivity analysis

Systematic investigation of the effect of changes in initial values,
coefficients and functions. Usefulnesa: it separates main things from
details, it teaches model-makers what parts require further study

and may indicate further simplifications.

Effect of dynamic improvements

Exploration of the effect of possible dynamic improvements including
the introduction of a division according to age into the population
model, of pollutions having differentllifetiﬁes, of the inhibition

of the biological cleaning by chemical or thermal pollution, of the
difference between poor and rich countries, and of a "refuse treasure”.
Usefulness: it teaches us to what extent the present simple model is

or is not tenable, and through this can give hints to model-makers.

Correcting variables

Identification, definition and study of possibilities of influencing
the behaviour of the world model. Usefulness: basis for stabilising
and optimising control (see 5 and 6) and subject matter for the
forming of thoughts with social specialists.

Effect of stabilising control

Exploration of the effect of various feedbacks with or without delay,
taking into account the fact that the model on which this has been tried
so far lacks almost all details which decide to what extent control

can be effective at all.

Analysis of sensitivity of the model with control.

Usefulness: subject matter for the formation of thoughts with social
specialists.

Effect of optimising control

Tentative calculations of the corrections that would be necessary in
the course of years to realise the '"best'" development. This for various
definitions of "the best" development. Perspectives of approximately
optimal controls. Usefulness: as of preceding item of action.

Methods and techniques

Development of simulation techniques and other methods in the interest
of the action items mentioned above, preferably in such a way that
smooth switching over to & newer model is possible.

Evaluation and information

Evaluation of: formulations of problems, methods, results, opinions,
and propositions, from the project group as well as from outside.
Aiming at distinguishing:
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(a) what is almost sure to be correct or incorrect,

(b) what might be correct or incorrect, and why this is not yet
certain,

(c) vague points that seem worthy of further study.

Objective information to insiders and outsiders. Contributing to the

standardisation of formulations of problems, assumptions, methods,

terminology and presentation of results.

Thus far this summary of the items of action. The composition and
organisation of the project group will be described in Chapter 3.

Reservation

It is far from certain that Forrester's Method will lead to meaningful

and usable results. In fact, the problem posed is awe-inspiringly complex,
and in a number of far simpler cases this method has not yielded any new
and usable results. In the future one will perhaps look back smiling and
think "how naive they were then".

However, a few things are clear. The method is in principle of the
best kind available, and it is of great potential interest to try to
improve it and to get what one can out of it, But at the same time it
is clear that one must be extremely careful in attributing to the results
the slightest realistic value. In fact, the behaviour of mankind is - even
at short notice - so unimaginably unpredictable that no model is capable
of indicating with certainty what is going to happen and what one will
have to do. Those who do not realise how uncertain all predictions are,
even those covering only a couple of years, are unfit for work in this
area. However, those who are familiar with working with models do know

that the most important usefulness is perhaps that one can get an impression

of what is likely not to happen and of what one will not have to do. Such
a restriction of problem formulation and possible results is often very
valuable. And the point at issue is to utilise the information available
at present as well as possible and in doing se to recognise possible
developments in the long term, in order that the best frame-work of
management—in-the-mid-long~term may be determined.

On the basis of these considerations the present writer is of the
opinicn that no better motto for the GLOBAL DYNAMICS project can be found
than that of William of Orange:

Neither ia hope a requisite for enterprise, nor success for persgeverance.
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REPORT ON THE ACTIVITIES

o *
Introduction

This report covers the initial period from Friday February llth (when
after Professor Van der Grinten's lecture the institution of the project
group was decided upon) to Saturday April 15th (when after the lecture
of Professor Meadows the latter placed his latest version of the World3
model at our disposal). This is at the same time the period in which

the long—awaited book Limits to Growth (3) was published.

The activities described in this progress report refer exclusively
to studies based on the model constructed by Forrester (1), which in the
current jargon is called World2. Whether ever a Worldl and perhaps even
a World0 and a World00O have existed - in imitation of denominations of
models current elsewhere — we do not know (perhaps we may assume that
these names refer collectively to all non-mathematical models of world
events used so far).

Our activities were carried out in anticipation of the World3 model
and our first concern was therefore to acquire insight into and experience
with the kind of uncertainties, moot points, contrarieties, obscurities,
calculating difficulties, and similar problems which are inherent to the
subject. (At the same time a substantial part of the internal and external
organisation had to be created, but this is reported in Chapter 3).

It had been our intention to devote our attention also to the literature
which considers subjects and methods germane to Forrester's World Dynanics.
Further, we had wanted toc examine, together with social scientists, the
criteria one might apply to judge possible future developments and the
possibilities of contrcl.

Unfortunately, little has come of this. In retrospect it appears that
two main causes may be pointed out. The first is that virtually every one
who, starting from the same mathematical model World2, performed calculations
produced different results. The differences diverged from a few per cent
(for digital calculations'!) to a few dozen per cent (for analog calculations
with sensibly but drastically simplified models). Now it can rightly be argued
that such difference of a quantitative nature are relatively unimportant
in view of the enormous uncertainties inherent to the model itself. Since
Forrester himself, however, presented results that clearly do not tally
with his own definitions (see Section 2.1.1), and Meadows, at first apparent~
ly calculating with the same World2 model, obtained results deviating in
certain respects (see Section 2.1.1), it seemed to us of interest to find
out to what such differences are attributable.

The second main cause 1is to be found in the fact that the maintenance
of necessary contacts and responding to questions from all quarters demanded
far and far more time and energy than had been anticipated. In itself it is
an exceedingly gratifying phenomenon that so many in this country are inter—
ested in the .problems, and that so many try to supply a meaningful contribu-
tion. However, it requires a comsiderable portion of the time and energy
available.

Let us now consider the work that has been done. We use the division
given in Section l.2. Many of these activities run parallel to each other,
but for the sake of clarity we shall discuss them consecutively.

As explained in the "Prefagce’”, it 1s suggested te the more globally
interested reader to skip this chapter.
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Insight tnto the model and understanding of i1ts behaviour

Forrester's model (World?2)

Forrester's model has been studied thoroughly; some conclusions are:

Diagram:
The model is represented too intricately; the diagram can be drawn
more surveyable and at the same time furnish more information (126) .

Funcetional relations:

Forrester himself points out that he considers certain functions to be

dubious and that these require further study; we add to this a few more

functions (I24). If, however, one consgiders only the credibility of

the propounded causal relations, one incurs needless work. It is

preferable to draw up a table in which for each function are mentioned:

- The range and the number of straight lines the input variable traverses
in the standard run (the meaning of this is: the calculation of the
nominal behaviour - in Forrester's terms also called the original,
the normal, and the basic behaviour).

- Do. In the collection of all non-catastrophic runs.

- Do. In the collectégn of all catastrophic runs (if one is still
interested in this ),

- The sensitivity of the behaviour of the model with respect to the
coefficients of the function,

-~ The (subjective) credibility of the functionm.

- The part the function plays.

On the basis of such a table it can be decided which functions require

further consideration (this analysis has not been carried out completely

for World2 in view of the advent of World3).

Studying the system as a whole:

Although so many proclaim that a system is more than the sum of its com-—

ponents, only few investigate in what respects a system manifests itself

as a gystem. Generally one restricts oneself to:

(a) the dissection of the system (definition of relevant variables and
system components,

(b) establishing functional relations between variables (analysis of the
system components), and:

(¢) calculating the behaviour of the whole under various circumstances.

Often, the structure and properties of the system as a whole are thea not

given the attention they deserve. This applies likewise to Forrester's

World. Therefore, special attention has been given to this; before long

we hope to be able to demonstrate what interesting insight such a study

yields.

Reversal of history -

A historian has been described as "Ein ruckgangiger Prophet" . In this
spirit we have taken the liberty to calculate from 1900 backwards instead
of forwards using Forrester's model. To this end one function was extended
linearly (viz., F6, which determines the efficiency of the investments as

This is a reference to Informal Note No. 26, see ligt at the end .

Forrester shows a number of runs - considered by himself as unrealistic -
in order to demonstrate the various limits to growth.

"A prophet looking backwards".
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a function of the natural resources, was extended linearly in order to
be able to calculate also with stocks larger than those of 1900). Within
a year or so, the calculation came to a deadlock because the degree of
pollution became negative. As this was an artefact, the degree of
pollution POLR was put equal to 0.000 000 000 1 as soon as pollution
became negative. With this adaptation the calculation ran aground in the
summer of 1880, owing to the agricultural capital fraction (CIAF) becoming
negative; see dotted parts of the lines in Figure 1. For safety, we next
made a normal forward calculation with the standard programme, starting
from the values of 1881 (solid lines in Figure !). The results coincide
before 1900 with those of the backward calculation, and after 1900 with
Forrester's.

SCALE VALUES: P: 5.109, CI: 1.108, MSL: 1, FR: 2, CIAF: 4.
P volume of population
FR food per head
cI capital investments
. CIAF fraction of capital in agriculture

4 MSL  material standard of living

Figure 1

According to the model, the population in 1880 equals 3700 millions (more
than in 1970!) and decreases in nearly twenty years by slightly over 2000
millions. This is caused by the low values of food production and material
standard of living. At the outset, the capital investments are almost
constant, but owing to the decrease in population the per-head investments
rise rapidly enough to get the investments - and later also the population -
going, all in accordance with the model.

So many premature and wrong 'conclusions" can be drawn from these results
that we publish them hesitatingly. The reader is advised to regard all this
as a practical joke rather than to take it in good earnest. For the sake
of brevity reference is made to the supplementary comments in Section 4.2.

To mathematically trained readers it is of interest to explain why,
when calculating backwards from 1900, the pollution became negative after
a year or so. This is the inevitable consequence of the choice of the
initial value POLI, that is the value of POL in 1900. Apparently, Forrester
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did not realize that the state variable POL is a so-called stiff

variable, in the present case a quantity which tries to adjust itself
to a value about equal to 0.61 . CIL with a very small lag (time 8
constant 0.61 years). Now the initial value of CI was equal to 4 . 10
so that ghe corresponding initial value of POL would have been appgox.

2.4 . 10°; Forrester, however, assumed an initial value of 2 . 10 .
In 1900, Pog can have this value only if it is on its way to the value
of 2.4 . 10" at great velocity, and hence comes of even lower values

at a high speed. Therefore, if one wants to start the calculation on
January Ist, 1899, instead of 1900, one has to assign POL a rather

large negative énitial value in order to arrive on 1.1.1900 at Forrester's
value of 2 . 10°. If one takes the initial value on 1.1.1898 equal to
zero, then POL already nearly reaches the value of 2.4 , 10” on 1.1.1900.

In Forrester's own calculation PQOL must have run very rapidly to this
value in the course of 1900, but maybe he has never noticed this because
his graphs show no results between 1900 and 1904. The above emphasizes
that the initial values »f state variables cannot always be chosen
freely.

Calculative aspects:

Torrester starts his calculations in 1900, but in order to eliminate a
number of dimension and scale value problems he defines the units in
which a number of quantities are expressed in such a way that these
quantities must be equal to 1 in 1970 (i.e. per definition). Owing to
this he has incurred a two point boundary value problem which he has
solved reasonably well, presumably after a few iterations. But not all
rcasonings by which the values of the state variables in 1970 are
converted in his book to those of 1900 are watertight (see, for example,
Section 3.2 on the birth-rate and Section 3.8 on the natural resources).
From his graphs it appears that a number of these quantities do not satisfy
exactly the requirement introduced by himself that they should be equal
to one in 1970. Why it does not seem to have occurred to him to calculate
backwards from 1970 to 1900 is not clear. This would have been all the
more plausible because he established (explicitly or implicitly) the
values of all state variables in 1970, even those of the stock of

natural resources, which he next took as starting value in 1900 (page

38 of the book).

Although the deviations are not great, it was important to ascertain
to what they are to be imputed, first of all to prevent confusion
between those who work with these models, and secondly because it is
important to know the values in 1970 accurately if they are to be used
as initial conditions of calculations with a simplified or non-simplified
model. As we did not have Forrester's DYNAMO procedure at our disposal,

a number of fellow-countrymen who probably have used it, have been
requested to report their experiences and views (I32). Their findings
will be reported on in due course.

2.1.2 Meadows' World?2

Meadows and his associates apparently have at first (2) carried out
calculations with Forrester's model, but their results shew some remarkable
deviations. Thus, in Forrester's model the peak,of pollution in the
standard run 1i$s nearly 50% higher, viz. at 6 - 1/3, while Meadows has

it at only 4.4 = 1/15, This is probably the reason why in Meadows'
calculations the peak of the population curve is maintained some 25 years
longer. The result is that after the year 2050 his model has approximately
800 million people more than Forrester's. In gspite of this he manages a
little more economically as regards natural resources. His quantity of
food per head from 1900 to 2100 lies much nearer to the value in 1970

than according to Forrester (but in the definitive report of the Club of
Rome this quantity appears to vary much more strongly according
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to World3? than according to Forrester, but in the reverse direction!
- Compare Figure 4-2 of Forrester with Figure 35 in Limits to Growth).
The explanation of these differences is not yet clear. It is possible
that they were caused by Meadows solving better the two point boundary
value problem mentioned above. On this point, too, questions have been
lodged (I32).

In this connection it should be mentioned that the diagram of
World2 given by Meadows deviates slightly from Forrester's (I26).

Since Meadows has in the meantime developed World3, the differences
mentioned above seem to be interesting only in so far as they lead to a
better insight into Forrester's World.

Van der Grinten and De Jong's model

Van der Grinten and De Jong have made orienting studies with the aid of
a partially linearised model in which the agricultural variables were
taken constant - viz. equal to the values in 1970 - and the influence
of crowding was left out of consideration. The period considered was
1970 - 2100 or 2300. By "partially linearised" is meant that the non-
linear functions in the model are given by a series of linear sections
joining each other, in other words: the graphs show an continuous series
of straight lines. Forrester defined all his functions in this partially
linearised form, probably assuming that this gave a sufficiently
accurate approximation of smooth curves. The model calculations are,
however, so sensitive to changes in certain functions that, using
smooth curves (analytical functions through the points specified by
Forrester) the Royal Dutch/Shell Laboratories at Amsterdam obtained
results which substantially deviated from those of Forrester (at some
points of time, for example, population and pollution deviated a factor
2). Therefore it is not surprising that Van der Grinten and De Jong,
who replaced some functions showing one or more faint bends by a
linear function chosen as well as possible, adapting, if necessary, the
coefficients to some extent, in their turn obtained different results.
For an exhaustive analysis of the deviations the reader is referred to
the publications in "Chemisch Weekblad'" (4-6) "Economisch-Statistische
Berichten (7) and to report U5, as well as to the Informal Notes in
which our findings have been laid down (I29, I30, I33, I35, I36; further
I38 and I37).

Anyone who tries to reproduce the results of Van der Grinten and
De Jong starting from the equations published, will find that his
results do not agree exactly. This is because some coefficients in the
publication have been rounded off; the model behaviour is so sensitive
to the values of these parameters that reproduction calculations have
to be based on more accurate figures. These are specified in an Informai
Note (I30). See, however, the next section.

The NC model

Generally speaking, persons interested are advised to base calculations
on a model in which the agricultural sector and crowding are present.
Anyone who wants to study non-catastrophic developments may use, in
addition to Forrester's model, the NC model constructed by us, which

- naturally within the prescribed range of the variables - produces
exactly the same results, but lends itself better to analog simulation
and is also more suitable for digital simulation by means of a terminal,
because the table manipulations take less time. This model has been
specified in an Informal Note (I33) and will be published in IFAC-
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AUTOMATICA in the spring of 1973.

The ALGOL programme which is used for this purpose on a Philips P9200
terminal, is available upon request. In general, it is, however,
advisable to calculate with the complete Forrester's model, if omly
because Forrester goes beyond his own tables in certain runs. For the
latter procedure a P9200 Algol programme is available.

The LINC model

For the purpose of analysing the model-as-a-whole, a completely linearised
model (the LINC model) has been derived, starting from the situation in
1970. The idea is not to carry out calculations with it (although it
yields rather good results as far as in the next century), but to get

more insight into the system, for instance, by studying the feedback
matrix and its eigenvalues. Some of the results are quite unexpected (I34).
The analysis will be submitted for publication in IFAC-AUTOMATICA. The
insight and results acquired may be useful for studies on the subject of
stabilisation and optimising.

As appears from the foregoing, the investigation of the model cost a

greater amount of time and trouble than we expected. This was at the cost

of other activities that had been proposed, viz. the contacts with specialists
in the fields of economics, demography, ecology, agriculture, law, sociology,
etc., and partly also at the cost of further explorations on the basis of
ORLD2. We hope and expect that later on it will be concluded that the

efforts to first control thoroughly the problems in the World of Forrester

have been valuable.

Sensitivity analysis

Starting from Van der Grinten and De Jong's model (as specified in (I130),
i,e. without the agricultural sector and crowding), an analysis of sensitivity
has been carried out on an analog computer. Informal note I19 contains graphs
showing how

the natural resources,

the population

the capital investments,

the pollution, and

the material standard of living
vary according to this model from 1970 to 2100, if various values are assigned
to

BRN = birth rate coefficient,

DRN = death rate coefficient,

CIGN = re-investment coefficient,
CIDN = rate of depreciation,
POLN = coefficient of pollution generation,

POLAT = pollution absorption time as a function of the degree of
pollution,

NRUN = coéfficient of usage rate of natural resources.
These graphs, which naturally should be interpreted intelligently, are very
instructive. For instance, in them the decomposition of the model - which
can already be deduced from the original equations - is clearly reflected:
variations in the population sector and the pollution sector have hardly any
effect on the capital and natural resources sectors, except under very ab-
normal conditions. As appears from a qualitative summary in matrix from, the
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following applies:

- An increase in population and a decrease in pollution generation have
effect in the same direction on: population (positive), degree of
pollution (negative), and material standard of living (negative).

- An increase in capital investments and a decrease in the usage rate of
natural resources both lead to: higher investments, higher material
standard of living and more pollutionj both act equivocally on the
population, but, naturally, larger investments lead to a larger con-
sumption of natural resources, whereas economy with resources leads to
a lower consumption.

We emphatically point to the fact that from the above only indications
as regards the sensitivity of the model may be derived. Direct translation
to reality is not allowed because in reality it is never possible to
modify only one coefficient. The real world simply cannot invest more in
means of production unless at the cost of something else, for example,
at the cost of investments in the agricultural sector or in the service
sector, or at the cost of the material standard of living of the consumer.
Neither is it possible in reality to restrict the consumption of natural
resources (in our case NRUN) to one fourth, without drastic alterations
being brought about. If, in spite of this, Forrester devotes four diagrams
to what would take place in such a case, he is trying to make clear that
he is doing this with a view to learning to know the model better. However,
while reading, one easily losgs sight of the fact that only a (non-realistic)
model experiment is concerned . In view of the totally incorrect inter-
pretations attached to this kind of results by many persons — including
many of whom more insight might be expected - we cannot state clearly
enough that:

SENSITIVITY ANALYSES SERVE TO FIND OQUT HOW GREAT IS THE INFLUENCE OF THE

CHOICE OF CERTAIN COEFFICIENT VALUES, FUNCTIONAL RELATIONS, AND INITIAL

VALUES, AND NOT OF FINDING THE EFFECT OF PARTICULAR REAL-WORLD MEASURES.

Anyone who wants to do that should first carefully find out in what places

and in what ways such measures have their effect (see further Section 2.4).

No systematic sensitivity analysis with respect to the choice of the
inttial values has been carried cut as yet. Exploratory calculations have
in the mean time shown that some initial values, or ratios of initial
values, have a distinct quantitative influence.

Informal note Il9 also shows the results of a sensitivity analysis
of a model with control (see further Section 2.5).

Effect of dynamic improvements

Anticipating the publication of World3 - which embodies a great number of
improvements - not much attention has been given to this point (work has
been done on the development of the simulation techniques required. See
further Section 2.7).

Although it should give food for thought that restricting the winning of
natural resources to the tune of 75%Z would lead to an enormous increase in
the material standard of living!
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Chiefly for the sake of the dynamic optimisation studies (Section
2.6), however, an exploratory investigation has been carried out with
respect to the influence of the time lag of the pollution. In fact,
this state variable adjusts itself to changes in the supply in a much
shorter time than the other state variables in the wodel provided the
pollution does not become more than, say ten times its value in 1970. It
is interesting to find out if one may ignore this short lag , for that
would make it possible to save roughly a factor ten in calculation
time in each digital simulation and another factor ten in dynamic
optimisation studies.

The results of the calculations give reason to expect that the
lag of the pollution - and hence the part this quantity plays as a
state variable! - may be neglected in the present model (I20).

Correcting vartables

As has been emphatically pointed out in Section 2.2, one does not get a
realistic picture of the effect of corrective measures by altering a
coefficient here or there. For example, to enable the effect of a particu-
lar measure for restricting environmental pollution to be investigated, one
will at least have to find out what effect the measure has in the pollution
sector and what effect its cost has in the capital sector. Little attention
has been paid to this point so far neither by the M.I.T. nor by the Club

of Rome.

Therefore the project group has given thought to and discussed appro-
priate formulations of the possibilities of introducing correcting
variables into the model and the problems connected with this. No satis-
factory solution has been found as yet, not even for the simple world of
Forrester, but for the szke of dynamic optimisation studies a provisional
formulation of correcting variables and of possible optimising criteria
has been laid down in I28.

It is evident that in any case the cost of every measure has to be
taken into account. However, as the capital sector in World2 is so simple
and as Forrester does not define the concept capital, it is no simple
task to weave the cost into the model in a consistent way. In the mean
time it has turned out that our early ideas (I13) agree rather well with
the views of Meadows. Therefore, we intend to bring these problems up for
discussion in wider circles before long.

Effect of stabilising control

At Dutch State Mines it has been investigated what would be the effect if
the control proposed earlier (4, 5) were introduced not in 1970 but in
1980, 1990 and 2000, respectively. If the situation in the year of intro-
duction is taken as the desired value, the curves of the state variables
(natural resources, investments, pollution, population) show great shifts.
If, next, simulations are carried out in which the situation Zn 1970 is
taken as the desired value, the curves of the state variables shift far
less; however, action comes home much harder in proportion as control is
introduced later.

Finally, a simulation has been made of the introduction of control in 1970

To avoid a most likely misunderstanding: this does not mean that the influ-
ence of POLAT is eliminated from the connection between POLG and POLR, but
only that the connection is taken to be without inertia (if you like,
algebraic).
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with the situation in 1950 as the desired value; but this hardly
affects the curves of the state variables.
The results mentioned above have been published (§).

Using the same model, it may be useful to investigate the effect of
stabilising the Quality of Life defined by Forrester.

Finally, a sensitivity analysis has been carried out on the con-
trolled model (Ii9). Comparison with the uncontrolled model shows that
generally the curves of the state variables are smoother and less sensitive
to parameter changes. The most important exception is that, owing to
control, the resources and investments are now sensitive to changes in the
parameters of the population and pollution sectors.

For safety, it should be emphatically pointed out that the results
of these control studies should be interpreted with much caution, firstly
because the proper correcting variables have not yet been used, and
secondly because any model based on World2 is far better controllable
than the real world. The stabilisation studies will, therefore, not be
continued until a model of World3 with correcting variables is available.

Effect of optimising control

A special subgroup - including participants of the Royal Dutch/Shell
Laboratories Amsterdam, the Dutch State Mines, the State University of
Groningen, and the three technological universities — is going into the
problems and possibilities of the application of the theory of dynamic
optimising. At first the discussions centred for a long time round the
formulation of the possibilities of correction and the criteria, partly
because for many obvious formulations the Hamiltonian shows that they
might give rise to bang-bang solutions.

In the mean time the Royal Dutch/Shell Laboratories Amsterdam have
made available programmes and calculation time for dynamic optimising
according to Pontryagin, which is used for a preliminary study based on
the D.S.M. model. Parallel to this, the Dutch State Mines are investigating
the possibility of a time - resources transformation, and the Twente
University of Technology are studying the possibilities of application
of a programme for optimum—time calculations according to Pontryagin and
of dynamic programming according to Bellman, while the other institutes
are making orienting studies.

Methods and Techniques

To supplement what has been said about methods in the foregoing, we will
give the calculating facilities a moment's thought.

The D.S.M. model is implemented on an analog computer (EAI 680). This
machine is coupled to a bigger one (EAL 231R) to simulate the NC model with
agricultural sector and crowding. The great advantage of analog simulations
is that a complete calculation covering the years 1900 to 2100 or 2400 can
be carried out dozens of times per second, the results becoming visible
on a monitor as a stationary collection of graphs. By turning knobs one
can make alterations in the model; the results become visible at once.
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This not only increases working speed, but above all deepens insight
into the model.

In addition, calculations are performed - particularly for veri-
fication purposes - using an Algol program of World? according to
Forrester's specification in Appendix B of his book. These calculations
are carried out via a terminal of the Philips P9200 time-sharing system
of the E.U.T. This program will be made available to others upon request.

For extensive calculations a program is written for the EL-X8 of
the E.U.T. together with a few PDP8 program for automatic conversion
of P9200-programs for the EL-X8 and vice versa.

The small digital machine PDP8 is not only used off-line to convert
programs and data from one digital machine to another, but also on-line
to take over certain tasks from the analog machines. This becomes of
special importance to working with World3, to investigating the effect
of dynamic corrections, and to studying stabilising and optimising
control. By way of exercise, work has been done with the DSM model of
which a certain cluster, i.e. a subsyst:m with relatively many internal
and few external variables - in this case the population sector - was
simulated in the digital way and the rest in the analog way. The PDP8
appeared to have enough calculating time and memory space, and accuracy
was good. To get to know better the limitations of this procedure, the
pollution sector was next chosen as cluster, because this influences the
model's behaviour strongly and has a relatively small time constant. The
results did not appear to become appreciably noticeable before the sampling
frequency of the PDP8 was reduced below 5% of its possible maximum.

Combined with the analog machines, the PDP8 can fulfil other useful
tasks, such as evaluating the results on the basis of those of previous
calculations. It is, however, not the intention to proceed to complete
hybrid simulation, because for this purpose it is much better to use the
great hybrid calculating facilities already offered by the Delft University
of Technology. '

Evaluation and information

Evaluation of the publications of Van der Grinten and De Jong (4-6) and
of Muller's criticism of them (7) is, as mentioned earlier, reported in
a number of informal notes and in report US.

The study of Forrester's model discussed in 2.1.1 and 2.1.5 has
revealed some interesting points with respect to the nature of the model to
which, after further verification, a few publications will be devotad.
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ORGANISATION

Members of the Group

Setentific management : Professor P.M.E.M. Van der Grinten, and
Professor O. Rademaker.

External coordination : Professor O. Rademaker, E.U.T., Post Box 513,
Eindhoven, Netherlands, Phone 040-472885.

Internal coordination : Mr. J.G.M. Cuypers, E.U.T., Post Box 513,
Eindhoven, Phone 040-472881.

Assoctates:

Professor J.F. Benders (E.U.T./Mathematics)

Mr. C.G.J. Buursen (E.U.T./Measuring and Control)
Dr. H.A.G. Chermin (Dutch State Mines/D.S.M.)

Mr. J.G.M. Cuypers (E.U.T./Measuring and Control)
Mr. G. Dekker (E.U.T./Measuring and Control)

Mr. J. van Drie (E.U.T./Measuring and Control)

Dr. M.L.J. Hautus (E.U.T./Mathematics)

pr. J.L. de Jong (E.U.T./Mathematics)

Mr. P.J. de Jong (Dutch State Mines/D.S.M.)

Mr. A.C.P. de Jongh (E.U.T.)

Mr. E.J.H. Kerckhoffs (Delft University of Technology/Mathematics)

Mr. A.G.H. Kessels (E.U.T./Measuring and Control)

Professor H. Kwakernaak (Twente University of Technology/Mathematics)
Mr. M.J.B. Monen (E.U.T./Measuring and Control)

Mr. J. van Nierop (E.U.T./Measuring and Control)

Mr. Th.W. Oerlemans (Royal Dutch/Shell Laboratories Amsterdam)
Dr. G.J. Olsder (T.U.T./Mathematics)

Mr. G. Sijberden (E.U.T./Measuring and Control)

Mr. M.J.M. Strik (E.U.T./Measuring and Control)

Mr. A.J.M. Timmermans (E.U.T./Measuring and Control)

Mr., W.A,H. Thissen (E.U.T./Measuring and Control)

Mr. J.H.Voskamp (E.U.T./Measuring and Control)

Mr. Th. Zwietering (Dutch State Mines/D.S.M.).

Underling denotes full-time associates.

Professor Van der Grinten will be associated with the Measuring and
Control Group of the Department of Applied Physics of the E.U.T. at
Eindhoven as a part-time Professor as from September lst, 1972.

The Netherlands Organisation for the advancement of pure research (Z.W.0.)

has been requested to subsidise the cost of an associate who will especially
go into the mathematical aspects of the optimisation studies.

Course of procedure

The group aims at losing little time on formalities. The work is
characterised by numerous intensive, informal interactions ; in
connection with the size of the group and the fact that its members
live in various parts of the country the interactions partly take
place in writing (See list of Informal Notes). Some subgroups can be
distinguished (optimisation, simulation, stabilising control) who

Not only inside the work group but also, for instance, with the State
University of Groningen.
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take counsel with each other regularly. The intention is to extend

this kind of contact gradually to workers in other fields (economists,
ecologists, etc.), for the work of the group is only meaningful if in
interaction with the appropriate students of other subjects and
professions the appropriate answers to the appropriate questions are
found. For this reason, too, it seems desirable to form one or more
discussion groups of diverse composition to evaluate critically the
direction in which the work proceeds and the results that are obtained.

The nucleus at Eindhoven looks after the internal and external
coordination, the distribution and filing of documents, and reporting.
A provisional sounding of personal interests led to drawing up a mailing
list containing the names and addresses of about 10C persons and groups
outside the E.U.T. many of whom have offered their services.

SUMMARY AND SUPPLEMENT

Forrester's World

Forrester's work — presented by him as no more than a first step concerning an
enormously comprehensive subject - commands great admiration. The approach
followed by him is sound, even though when applying it he drops an
occasional stitch, indeed without appreciable consequences (Section 2.1.1).

Forrester's model World2 can be improved upon in a number of respects.
Improvements fitting into the scheme indicated by Forrester include:
- Splitting up a number of quantities. For instance: distinguishing between
rich and poor parts of the world, and between different kinds of resources,
investments and pollutants.
- More and better dynamic jnterrelations. For example, the model does
not contain any time delay , and the age~distribution of the population
15 not represented.
- To verify and, if necessary, to adapt functional relations based on mere
suppositions.
- To verify whether existing correlations have not unjustly been represented
as causal relations.

There are, however, also improvements that fit less well or not at
all into Forrester's procedure and, hence, require extensions, such as:
- Taking into account the statistical character o1 certain quantities and
causal relatioms.
- Taking into account non-reversible or discontinuous relations. Some
relations, for example, are probably different during a decline from
during a period of uninterrupted growth.
- Taking into account more complex interrelations. Forrester represents
all relations as products and/or quotients (and sometime additions and/or
subtractions) of one-dimensional functions. Closer study may reveal that
certain relations have to be treated essentially as functions of more
than one variable.

Forrester's nomenclature differs from what is usual in control and systems
science, where a delay means that a signal is delayed for a certain time
but otherwise is unc%anged. while the word lag is reserved for systems des-
cribed by first or higher order differential or difference equations.

The latter are occasionally referred to by Forrester as delays.
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Model Studies

The sensitivity studies show what happens when certain model coefficients
change. In first approximation it can be said that changes of less than
207 with respect to the values chosen by Forrester do not modify
qualitatively the behaviour of the model: resources (naturally) continue
to decrease, while population, investments and pollution usually pass
through a maximum between 2000 and 2100. Only the '"Material Standard of
Living (MSL)" behaves more capriciously, sometimes falling sharply from
1970, sometimes rising, and in the other cases passing through a maximum
more or less meanderingly.

In quantitative respect changes may, otherwise, be quite considerable;
especially the peak value of the degree of pollution (according to
Forrester's standard calculation already six times as high as the pollution
of 1970) reacts markedly to modifications that are not great in comparison
with the uncertainty with which the coefficient involved is known. Thus
Forrester in essence supposes that the annual investment in means of
production is approximately 0.05 x population x material standard of
living if the latter is between } and 1, the coefficient 0.05 being, in
principle, constant from 1900 to 2100. However, as he himself has
already shown, a rise from 0.05 to 0.06 as from 1970 brings about in his
model over six times as high a pollution peak (i.e. nearly 40 times the
present level!). From these and other results it appears that the model is
indeed very sensitive to changes in the sectors ecapital and pollution, from
which it may be deduced that it is probably desirable to construct better
models for these sectors.

As expounded in Section 2.!.}, we are of the opinion that Forrester
presents his world model in a rather complicated way and makes little
effort to analyse the structure and the characteristics of the system
as a whole in depth. We hope to be able to demonstrate before long that
this aspect of system analysis deserves more attention.

As shown in Figure |, Forrester's model does not lend itself to
calculating backwards from 1900: in the summer of 1880 the calculation
runs aground because the investments in agriculture become negative.

In the meantime, the model has then shown a kind of inverse population
explosion, for the number of souls "rises'" within 20 years from 1,650
millions in 1900 to 3,700 millions (that is more than in 1970!) in

1880 . We hasten to add that nobody should draw rash conclusions from
this statement with respect to the validity of the model, however
tempting it may be! No one model represents reality completely. Reality
is far too complicated. Any mathematical model gives a partial
deseription for a certain purpose. Astronomers have for a long time and
very successfully used a totally different model of our world than
Forrester's model, and astronautic scientists who want to launch an
earth satellite use still another model, also successfully. Thus it
must not be expected that a model designed for exploration of the
future allows of extrapolating towards the past without more ado. The
results of before 1900 do not prove that those of after 1970 are

To reassure insiders: the solid lines in Figure | have been calculated
by making a normal calculation start in 1881 with as initial values:

PI = 3.45'" + 9, NRI = 9,05' + 11, CII = 7,13' + 7, CIAFI = },22' - 2,
and POLI = |' - 10 (rounded off values). After 1900 the results coincid-
exactly with Forrester's; as far as we know, it is impossible to

achieve this when starting from a date before 1880.
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incorrect. Here, too, much depends on the sensitivity of the model.
However, as long as this has not been investigated further, and
indeed so long as more attention has not been given to experimental
verification, some scepsis with regard to all results of Forrester's
model seem justifiable.

Possibilities of correction and criteria

Possible correcting variables

As an important problem it has been pointed out (in Sections 2.2 and
2.4) that the models do not yet embody realistic correcting variables.
What is shown is what happens if one of the coefficients changes, for
example, if the factor of pollution generation is lowered, but even
the cost of such a change is not accounted for.

In view of the fact that this is overlooked even by many persons
of whom more insight might be expected, we repeat here our warning:
SENSITIVITY ANALYSES SERVE TO FIND OUT THE INFLUENCE OF THE CHCICE OF
CERTAIN VALUES OF COEFFICIENTS, FUNCTIONAL RELATIONSHIPS AND INITIAL
VALUES, AND NOT TO STUDY THE EFFECT OF CERTAIN MEASURES,

Any one who wants to pursue that kind of study must first carefully
search out in what places and how the relevant measures are effective.
Not until then one can start investigating the effect of measures and
controls.

Criteria

The standards that may be applied to judge the desirability of the
behaviour of the model under the influence of the above measures and
controls are called 2riteria. A criterion is in fact a prescription
according to whic!- one can assign a report mark to each and every
behaviour of the model. Once the prescription has been established, one
can start look:ing for the 'best' measures or the 'best' control
algorithm, in which the 'best' is that which produces the highest mark.
It will be clear that one can arrive at totally different conclusions
if one starts from different criteria. Therefore, it is of importance
to find cut what criteria may be considered. New the system scientist
is not the best qualified man to draw up such criteria, but he can
render great services to the more speciazlised men in this field by
showing them what the consequences from any choice are.

The problem is made more complicated by the fact that many
possibilities of correction so affect the life of the individual
inhabitant of the earth that they will have to occur somehow in almost
any imaginable criterion. It is therefore hardly possible te detach
the defining of correcting variables and that of .riteria.

The importance of proper consultation on criteria and possibilities
of action can hardly be overestimated. For both, the model work and
the philosophy embedding it can form the basis for a highly improved
development of policies, nationally as well as globally. It can become
a common discipline of thinking enabling industry, statesmen and
authorities, and governments mutually, to communicate more effectively
with each other. The chance that system scientista find under their
own power exactly that approach of which those who exercise substantial
influence on the development of society understand something, and with
which they can do something, is almost nil. Proper consultation is
therefore indispensable.
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It should be observed that from the model in itself no one
conclusion can be drawn about a definite social structure being
desirable (or, more strongly: "correct™) or not. Such a conclusion
can in essence not be drawn until at least a criterion as well as
model assumptions regarding the operation (preferable in the form
of mathematical expressions) of the form of social organisation in
question have been propounded. These are not present in the model,
and the fact is that a model can only "pronounce judgment" on things
regarding which rules and assumptions have been included in the model.
ANYONE WHO THINKS THAT THE RESULTS OF THE MODEL GIVE CLEAR DECISIONS
ON THE DESIRABILITY OR UNDESIRABILITY OF A DEFINITE SOCIAL STRUCTURE,
HAS - CONSCIOUSLY OR UNCONSCIOUSLY — INTRODUCED A NUMBER OF SUPPOSITIONS
ABOUT ONE OR MORE S50CIAL STRUCTURES AS WELL AS A STANDARD OF JUDGMENT
(CRITERION).

Stabilising and optimising control

Forrester in his book creates the impression that he thinks exclusively

in terms of what we call here measures (as from 1970, 75% is economised

on resources and/or the "normal" birth rate is reduced by 20Z, etc.).

In applyiang control, the procedure is essentially different. The magnitude
of the action taken is then not constant but is related to the extent

to which the real development deviates from the desired. This has two
important advantages.

First, control can ensure that the corrections proceed more gradually
and the developments in the system more evenly ("smoothly"). This is not
only important because man can assimilate gradual changes better, but also
because science and the art of government are then in a better position to
prevent undesirable developments. Further, from a political point of view
this might also make the chance of timely introduction of controls somewhat
greater than of abrupt measures; experience with mechanisms already in
operation (including inflation corrections in wage agreements and tax
rates) is, however, not completely reassuring.

Secondly, the behaviour under control is, generally, less sensitive
to erroneous initial estimates and unforeseen developments, because the
real development is always compared with the desired.

These considerations render control studies indispensable. At the same
time it is of importance to investigate in what ways one would have to
control in order that the behaviour of the model develops optimally in
accordance with different criteria, not because this would yield exact
prescriptions for soclety, but because it may lead to valuable insight,
not in the least into the consequences the various criteria bring about!

The Report of the Club of Rome

The reader may ask himself to what extent the foregoing interferes witn
the ideas and conclusions developed in Limits to Growth.

In the first instance the answer is: "Not at all, for the present
interim report is wholly based on Forrester's model World2, and the Report
of the Club of Rome on Meadows' model World3".

In the second instance, several observations can be transferred to
World3, although in the form of suppositions still to be verified and with
the necessary reserve. In World3 several of the improvements mentioned in
Section 4.1 have apparently been introduced to a greater or lesser degree,
while there are also indicatioms that more thought has been given in terms
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of control and of allocation of investments. Further, sensitivity
analyses have been carried out., However, comparatively little attention
seems to have been given to acquiring insight into the system, to
defining possibilities of correction and criteria, and to controls.
With rega;d to this first and simple world model the Club of Rome
is exclusively interested in the general forms of behaviour; for
instance, in the question: does a certain quantity continue to grow,
or decrease, or does it show a maximum, a minimum, or a fluctuation?
Our findings with respect to World2 leave no room for doubt as to
the following points:
1. Unlimited growth of the population and prosperity is impossible.
2. What form of behaviour wZll occur is certainly not to be foreseen if
the various sectors are not studied in mutual interaction and by means of
a mathematical model. In fact, the studies based on WorldZ clearly demonstrate
that the mutual interactions can, in certain circumstances, cause unforeseen
developments, and that the occurrence of surprisingly rapid changes is possible.
3. In the model studies referred to, such developments, if they occur at
all, mostly take place between 1980 and 2080.
4. The inescapable conclusion from the three preceding points is that the
message of the Club of Rome must be studied seriously and thoroughly.

The statements mentioned above may not be reversed. For example, from
the second statement one may not deduce that the form of behaviour should
be predictable with certainty if one doee work with a mathematical model.
This depends on its reliability.

Therefore, n¢ unlimited growth, but what behaviour s realistic?
World2 does not give sufficient certainty of that, neither does World3 yet,
probably. It is even not certain if one will ever succeed in constructing
a sufficiently complete model. But it appears necessary to take existing
mechanisms of adaptation ("elasticities") better into account, such as the
effect of recycling and substitution of materials. These might lead to a
model showing a more even benaviour. However, against this must at once
be set the fact that Worlid2 and World3 recognise only one population, one
raw material, and one kind of pollution, and that, for example, the intro-
duction of distinctions between the rich and the poor parts of the world
may lead to far more alarming results.

Conclusion: our knowledge is far too slight yet and we have no
generations of time to live in order to become wiser. It is, therefore,
necessary to work hard, soberly and objectively on the improvement of models
and model studies. To attain this end, appropriate international coordination
and experimental verification are indispensable.

* See Limits to Growth, p. 91.
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APPENDIX

SQME_NQTES QN FORRESTER'S MODEL

0f the statistical character of many quantities no account has been
taken.

Very many different quantities have been aggregated into relatively
few state variables (there is one kind of natural resource, one kind
of pollution, one kind of capital investment, and one birth rate, all
for rich and poor countries together).

All functional relations have been represented extrapolatable and
reversible; as most of them have been borrowed from a period of growth,
the question arises whether they also apply in the case of recession
(hysteresis).

All non-linear functions are represented as sectionally-linear functions.
The model's behaviour is so extremely sensitive to a number of these
functions, particularly in the sectors Natural Resources, Capital
Investment and Pollution, that widely different results are obtained if
they are replaced by smooth analytical functions fitted as well as
possible to the points specified by Forrester.

Tn a number of rums, the input variables of certain functions exceed the
range over which the functions are specified. DYNAMO then keeps the

valu.. of the output equal to the nearest end-value of the function. This
has drastic effects on the model's results. If, for example, the
pollution generated per head is extrapolated linearly (POLCM = 2CIR-1 for
CIR > 1) which according to Forrester may be a plausable assumption, the
population can no longer recover at all after a pollution crisis.

Certain dynamic processes have been greatly simplified, probably owing
to the fear (not always justifiable) that simulation might otherwise
become too difficult or impossible.

No sensitivity analysis has been applied, although Forrester did point out
its importance.

Little effort has been made to arrive at deeper insight into the structure
and inner workings of the system as a whole; the interpretation of the
results thus remains too much on the surface.

No realistic possibilities of correction have been introduced (i.e. variables

with which the behaviour might be controlled).

In certain instances, the change of a coefficient is interpreted as a real-
world action. For example, the normal rate of natural resource usage is
reduced from | to } from 1970 onwards and the model's behaviour is shown

to be very "counterintuitive': while far less resources are extracted, the
material standard of living soars to enormous heights! The explanation is
that nowhere the costs of such a reduction in resource usage are accounted

for. Hence the results represent the effect of a cheap change in a coefficient

and should be interpreted in terms of sensitivity analysis. To discuss the
behaviour as if it were the result of a measure is misleading, for the
results are counterrealistic rather tham counterintuitive.
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Hardly any use has been made of control engineering knowledge. The
prospects of feedback controls have not been investigated, although

it should be known that

a. they are almost indispensable if a system is unstable or weakly
stable;

b. they lend the whole a behaviour that is less dependent on the

- imperfectly known - characteristics of the non-regulated system;

¢. they may lead to more gradual corrections and to a smoother behaviour
of the controlled quantities. This is in itself extremely desirable, if
only for the reason that science and the art of government are then in
a better position to prevent undesirable developments, and because man
assimilates gradual changes better, This is an additional reason why in
political respect the prospects of feedback controls rather than sudden,
rigid changes might be greater, which in itself might be a decisive
argument,

Not only the presence of statistic variations but also the knowledge
concerning the behaviour and control of systems having a statistical
character have been ignored.

It has not been investigated where attempts at improving the model's
behaviour by dynamic optimisation lead to.
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PREFACE

This second report of our Project Group is arranged differently from its
predecessor, chiefly because all kinds of things which in the previous report
(V1) had to be set forth for the first time, need not be explained again,
but also because we are now concerned with two different world models, the
one of FORRESTER and that of MEADOWS et al., which are denoted by WORLDZ and
WORLD3, respectively. Moreover, a separate section entitled Summary and
Supplements this time seemed less essential in view of the nature of the
activities, and the fact that most readers will by now be familiar with
Limits to Growth (2), (at least with Chapters III and IV).

We shall, therefore, devote this Preface to a number of general subjects
and then, in three sections, report on the Group's activities (Introduction,
World2, World3), and, finally, furnish supplementary information in the
Appendices on: A. Members of the Group, B. Lectures, Congresses, etc., C.
Literature, and D. Writings of the Project Group.

First some notes regarding activities and events elsewhere in the world.
Dutch readers are referred first of all to thg information contained in the
Bulletins of the CLUB OF ROME NETHERLANDS (3) . As an addition, it is
mentioned here that since the publication of Limits to Growth, a flood of
responses has come forward, especially in the American and British Press. The
Dutch version, Rapport van de Club van Rome, has sold many more copies than
the original version, and has raised a great amount of discussion, which has
given many people in this country the impression that the response in the
Netherlands is far and away greater than anywhere else. However, in fairness,
an accurate count would probably reveal that Limits to Growth has evoked
many more responses — in total as well as per copy - than its Dutch
translation. Therefore, it is very instructive to study the responses in
English publications, however one-sided or biased many of them may be; an
excellent summary of the American responses accompanied by a fairly
comprehensive bibliography has been made up by Dr., S.H.Begeman, Scientifiec
Attaché of the Netherlands Embassy in Washington, D.C. (4).

Apart from numerous reactions, the Report has stimulated numerous
actions: in many places people are diligently studying and calculating. In
fact, that was the intention of the Club of Rome. Therefore, it is
remarkable that the Club does not yet seem to do anything about international
coordination of these spontaneous activities; a list of groups who are
working on the subject - something that might prevent much needless

duplication and might promote valuable international contacts and cooperations -

See list of publications in Appendix D.

*

See Appendix C.
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is the least one might expect of the Club”.

Meanwhile, we owe to Dr. Begemann's efforts a summary of the groups
who occupy themselves with the problems in the U.S.A. (4), while we try
to form an idea of the British activities with the help of the group of
Professor Rosenbrock (University of Manchester). In this country the
foundation Maatschappij en Onderneming (Society and Enterprise), which
also took the initiative in forming the work group Toekomst (Future) (see
previous report p. 4), has undertaken the function of national "letterbox'
(Koninginnegracht 98, Den Haag), and to call together from time to time
those who are active in this field. The Foundation is also preparing a
publication in which a concise summary will be given of the activities in
process in this country. The most important new activity is undoubtedly
the follow-up project to be carried out under the guidance of Professor
H. Linnemann and Professor J. Tinbergen. Our project group hopes to
provide an essential contribution and is prepared to adapt its program
drastically. The first contacts have been made and there is every reason
to expect that a fruitful cooperation will grow between the two groups.

Our Project Group has, in the meantime, not been idle; on the
contrary, the various activities have gone so fast that this report is
published far later than intended. When considering Appendix A (Membera
of the Group) it will appear that the composition of the group has under-
gone some changes. As our Project Group presents itself in this report
exclusively as a team, we will not mention names here but restrict
ourselves to thanking for their contributions those who have withdrawn, and
extending a hearty welcome to those who have joined. It is with feelings
of deep gratefulness that we mention here that the Nederlandse Organisatie
voor Zuiver-Wetenschappelijk Onderzoek (Netherlands Organisation for the
advancement of pure rescarch, Z.W.0.), whose interest in Global Dynamics has
stimulated us from the first, has complied with our request referred to
earlier (V1-p.17), which has enabled the group to be strengthened by a
full-time member exactly at the moment at which he was most needed. This
gentleman occupies himself particularly with the dynamic optimisation
studies.

Our Project Group enjoys great and steadily increasing interest. The
number of copies of the first report (1000) appeared to be too small; a
second impression has already been issued. The informative conference on
The World of Forrester (see also Section 2.4) drew a packed audience and
led to so many enthusiastic reactions and requests to hold the conference
again that it will be repeated on 5th January, 1973, a date which offers
teachers and pupils of various types of secondary schools the opportunity
to attend. Appendix B (Lectures, Congresses, etc.) tells of the many other
lectures given and of the variety of the audiences.

In conclusion, a few remarks regarding our most important plan in
this sphere. As scon as the definitive text of the Technical Report on
World3 has been published by Meadows et al., we would like to organize
three conferences; one dealing with the population sector, one with the
agricultural sector, and one with the production sector. On each
occasion we might give an exposition about the set—up of the model of
the relevant sector and our insight into its behaviour.

The necessity of international coordination — or at least: informatiom -
applies with greater force because in fields interwoven only partially
with it activities are displayed, which might lead to chaotic developments
and even disagreements about competence.
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Then, in the afternoon we would like to exchange views with specialists
in the field concerned regarding the model used, possible or desired
improvements, necessary further studies, and so forth. Such discussions
would not only teach the participants a great deal in a nutshell, but it
is also hoped that they may lead to the formation of one or more new project
groups to do things outside our competence, viz. go deeper into the
motivation and the construction of the models.

Experience has taught that an attempt as described above will only have
a chance of success if the group concerned is not too large and as competent
as possible for the subject in question. This implies that attendance to
these conferences will have to be by invitation. Dependent on the results,
it will be considered whether large—scale informative conferences will also
be organized concerning World3. In any case we hope to be able to inform
you about the results in the next Report of our Project Group Global Dynamics.
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REPORT ON THE ACTIVITIES

INTRODUCTION

This second report covers the period from I5th April 1972, when Professor
Meadows handed to us a preliminary version of the Technical Report to the
Club of Rome (5), up to and including 31st December, 1972. In August,
during a course in System Dynamics at Hannover (Germany), we were given a
copy of a second and revised concept of the Technical Report (6), the
official publication of which is expected early in 1973.

The activities reported on in the present report refer on the one hand
to the continued study of the world model of Forrester, called "WORLD2'", and
on the other to the incipient study of the world models of Meadows, which
are collectively denoted by the term "WORLD3".

As regards the development of the techniques of analysis and the acquire-
ment of insight into structure and behaviour, the work on World2 has been
given a conclusive character. The optimizing studies will for the time being
be continued on the basis of a simplified version of this model.

Work on World3 has been started using several kinds of approach
simultaneously and the experience gained while working with World2 has
already proven to be particularly valuable. Therefore we expect to round off
the first and most important phase of the investigation in the course of the
first half of 1973.

For convenience, the list of action items is given below in a few words
(further see V1, p.5):
. Instght into the model and understanding of its behaviour.
Sensttivity analysis.
Effect of Dynamic Improvements.
Correcting variables.
Effect of Stabilising Control.
. Effect of Optimising Control.
Methods and Techniques.
Evaluation and Information.
Ev1dently, all these items were not given equal attentlon, a couple of items,
notably Nos. 2 and 3, will not be discussed at all in this issue.

mvoaows@mm“

Important

When writing this report it has been assumed that the reader has been able
to form a good picture of the Project Group and its activities by reading
the first report (VI cf 1972-04-23), in particular as regards:

e Name of the Project, Section 1,2
e What went before, 1.1
o Reservation and Doubts, 1.3
o Intentions (Program of Activities), 1.2
e Organization and Mode of Working, 3
e Accomplished Activities, 2
e Marginal Notes to Forrester's Model, Appendix
and remembers, at least vaguely, a few concepts and denominations, as
e the restricted meaning of a model, Section 4.2
e possibilities of correction, 1.2.4, 2.4, 4,3.1
e stabilising control, 1.2.5, 2.5, 4.4
e optimising control and criteria 1.2.6, 2.6, 4.3.2
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The section numbers indicate in which sections of VI the essentials are
to be found. Further, VI contains the first list of writings of the Project
Group and other publications,

In the Preface of our previous report we wrote: "It 78 a risky enterprise
to write a report for such a wide and very diversified circle of persons
interested, particularly on the subject of Global Dynamics. What has too
Iittle nutritive value for an insider may be all but indigestible for someone
2lse'., We are aware that this applies equally to the text below, for example,
where optimizing studies or computing techniques are discussed, but we hope
that the insiders will ask for further information (the accompanying notes
are listed in Appendix D) and that the less conversant readers are prepared
to wade through such parts or skip them, backed by the thought that we have
done our best to write the text so that the thread can be picked up again at
as many points as possible. However, criticisms, comments and suggestions for
improvement will be very thankfully received.
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FORRESTER'S MODEL

Insight into the model and understanding of its behuaviour

As mentioned in the previous report, the study of the structure of the model
and the way in which the various components operate and affect each other
leads to a number of interesting findings. In connection with the work on
World3 this study has been restricted mainly to the behaviour in more cr
less normal (standard-run) conditions. As this is probably the last report
in which World2 is discussed in some length, we shall try to summarize the
findings, including those that have been reported on before.

Watural Hesources und Capiltal Investment Sector

One of the most interesting findings of the studies is that the natural
resources and capital investments sector is almost completely independent of

the rest of the system. Although in the original model the population acts on
this sector in three different ways, it can be shown that these three influences
counterbalance each other almost completely, so that the influence of the
population on this sector virtually ceases to exist. Calculations have shown
that with respect to this sector it hardly matters whether the world population
is increased or decreased by 1000 million from 1970 onwards. The only other
external influence acting on this sector is the fraction of the capital invested
in agriculture which is of little or no consequence either, because it is
virtually constant during the standard run.

These observations have rendered the model of this sector so simple and
clear that it has become evident that it can normally show but one single mode
of behaviour viz. the quantity of natural resources (NR) can only decrease
continuously and the capital investments (CI) may at first rise for some
considerable time, but 1s bound to decrease eventually because the natural
resources run out and the model knows of no recycling or substitution. Further
analysis has revealed that the possible developments of the model of this sector
are determined by only one parameter (1) which contains, among other things,
the initial values of the natural resources (NRI) and the capital investment (CII)
in 1900; in other words, under certain, somewhat simplifying conditions , a
single set of graphs is capable of representing all possible developments accor-—
ding to the wmodel of this sector, see Figure !. In this diagram, time is re-
presented along the abscissa (the unit of time being the discarding period of
the means of production 1/CIDN = 40 years), while the capital investments and
the amount of natural resources appear along the ordinate, the latter on a
non-linear scale. What particularly strikes the eye is that the period in which
the phenomena take place strongly depends on the choice of the initial values.
1f, for example, the initial estimation of the capital investments had been
twice as large and that of the natural resources twice as small as in the
standard run, the peak of the capital investments would not appear until after
2100, i.e. outside the time interval usually considered! If, however, the errors
in the initial estimations had lain in reverse, the peak value would be reached
at a far earlier date, while the developments would have been far more gradual.
These results are particularly important because this sector is, as it were,
the power station of the whole model (See 2.1.3 and 2.1.5). Since CI ultimately

This influence we call the Agricultural Correction Factor (AC), because it
determines what part of the capital investments remains for non-agricultural
production. For insiders: AC = (! = CIAF)/(1 - CIAFN),

See further Appendix E.
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approaches zero, population, pollution, and other quantities in the model
are ultimately bound to approach relatively small values, if not zero, as
well!

When considering the statements above, it should be borne in mind that
a strong growth of the production capital may bring about reactions in the
pollution sector and the population sector that may invalidate the correctness
of the assumptions put forward above. As an illustration, Figure 2 shows the
result of a calculation with the complete model, starting from a doubled
level of natural resources in 1900. In this calculation the enormous pollution
affects the production of food to such an extent as to require greatly in-—
creased investments in agriculture; hence AC is no louger constant and
Figure | does not apply. However, whether pollution really runs out of hand to
such extremely high values or not depends critically on certain details of
the model of the pollution sector.

Pollution Sector

It was found possible to represent the model, without introducing any additional
assumptions or simplifications, in a way which shows at once what modes of
behaviour the pollution sector may have and how these are defined by the model's
assumptions. In particular, it has become clear that the relationships intro-
duced by Forrester act in such a way that, at low investments per head of the
population, the system recovers its balance fairly rapidly at a fairly low

level of pollution (lower than ten times the level in 1970), but that, when

the production per head exceeds a certain level, the system must, as it were,
flip over to extremely high degrees of pollution. Here applies what applies

to the natural resources and capital investment sector, viz. that the behaviour
of the pollution sector lies, so to say, anchored in the model and can be made
very clear, and further that it is extremely sensitive to the assumptions on
which the model is based. The behaviour is particularly sensitive to the
relationship assumed to exist _between the degree of pollution attained and the
natural power of regeneration . In the case of the relationship assumed by
Forrester any measure that causes the capital investments to outgrow the
population by more than a certain amount, cannot but lead to an enormous
pollution peak; in this connection a rule of thumb is: as soon as the capital
investment divided by its value in 1970 exceeds two plus half the population
density (with respect to 1970), then pollution becomes uncontrollable (Ull).

Population sector

The most surprising result of our investigation undoubtedly is that a natural
instability of the size of the population in Forrester's model is out of
the question, in other words: in it the population does not in itself have
the inclination, so notorious and much discussed, to grow more or less
exponentially.

To avoid misunderstandings it is desirable to discuss the concepts
positive feedback and negative feedback, used so often to elucidate the
behaviour of world models. Briefly (and therefore not quite rigorously)
formulated one can say: every path, every chain of influences, along which
a state variable promotes (influences positively) its own speed of growing
adds a posttive feedback, and every path along which the variable's own
growing speed is restrained (influenced negatively) contributes a negative

As has been observed before; see, for example, reference 4 given in VI.
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Results if initial value of natural resources (NRI) is twice Forrester's:
a. original pollution model; b. pollution limited to ten times its value
in 1970 (see also Figure E-3 in Appendix E).
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feedback. Consequently, the larger a state variable the more it promotes
its own growth in the case of poiitive feedback, and the more it restrains
in the case of negative feedback .

If the positive feedbacks dominate the negative, the notorious and
much-discussed exponential growth may occur. Thus the growth of the capital
investments from 1900 to some considerable time after 1970 can be explained
from the fact that the investments surpass the discards for a long time.

And thus the similar growth of the population in the World of Forrester is
likewise explained in many publications . But is this correct? Does it not
turn the rule that domination of the positive feedbacks may create exponantial
growth, into the proposition that from the exponential growth of a state
variable it must be concluded that the positive feedbacks are dominant?

Further investigation has revealed that the negative feedbacks are stronger
than the positive; more than that: the population appears to follow the pro-
duction of goods and services with a lag. That it seems to grow more or
less exponentially at first is, therefore, not an inherent property of the
manner in which the population influences its own growth, but is induced by
the more or less exponential growth of the capital investments. To prove this,
Figure 3 shows the result of a simulation in which the capital investment (CI)
has been held constant as from 1970; it is seen that the population then no
longer shows any inclination to continue growing, but stabilizes in a com-
paratively short time. Moreover, pollution remains at a low level. From this
it can be clearly seen how CI acts so to say as the power station of Forrester's
World. It is the growth of capital that causes here the growth of population
and pollution; if this capital growth is stopped, population and pollution
come to a standstill. The proposition of the Club of Rome that no result may
be expected frgg*a single measure in only one sector does not apply to For-
rester's World . For completeness, it may be added that stabilization of
the population is chiefly brought about by the death rate increasing rapidly
as tlie given production has to be apportioned among more people.

2o 1.4 Agricultural Sector

Little attention has been given to this sector so far because it hardly
varies in the standard run.

[

The sSystem as_a_Whole

Valuable insight into the main structure of the system as a whole has further
been gained by deriving a fully linearized model (LINC model, see VI, p. 12)
starting from the situation in 1970. This has not been done for the purpose

of carrying ocut calculations with it - although this simple model represents,
as demonstrated by Figure 4, the standard behaviour to within the next century
reasonably well — but because this type of model lends itself so excellently
for drawing conclusions with respect to main points and details of structure
and behaviour. On the basis of this simple model a number of working hypotheses
have, therefore, been set up, which have been tested by calculations with the
original model.

This study confirmed that only the capital investment has positive feed-
back, i.e. that from 1900 to a considerable time after 1970 it grows more or
less exponentially, and that the population, as alsec all other state variables
have a net negative feedback, in other words, they have no inherent inclination

This can be formulated so simply, because the state variables can never be
negative and because their equilibrium value is small if not zero.

" . i . . . . .
Forrester himself has chosen his formulations with respect to this subject

far more carefully than most commentators.

EL L] .
In this respect the model of Meadows et al. seems to react differently.

For the rest it seems sensible to assume, for the time being, that che
proposition referred to does apply to the real world.
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to exponential growth (UQ)'. The more or less exponential growth of
population and pollution from 1900 to after 1970 is, indeed, not brought
about by an inclination to growth within these sectors themselves, but
because they are, so to speak, 'driven" by the more or less exponentially
growing production.

This study, too, leads to the conclusion that the natural resources
and capital sector form an almost autonomous sub-system; further, that the
population sector is almost exclusively dependent on capital in-—
vestment, whereas the pollution sector on the one hand and the agricultural
sector on the other are influenced almost exclusively by investment and
population.

Thus it appears that in Forrester's model there is a certain hierarchy
which is clearly recognizable in the block diagram of Figure 5. For
completeness, a few arrcws have been drawn in dotted lines to indicate
influences that may be almost ignored in the rest of this century but which
in the next century have yet some influence on the model's standard
behaviour.

N
fy
7

POLR CIAF

Figure §

It is evident that the picture given in Figure 5 is of considerable
importance, for the purpose of better understanding the model as well as
for determining the best approach to further study. Forrester's model,
originally presented as a tangle of influences - see Figure 6 - has now
been reduced to a system of sectors, neatly ordered, each of which is
fairly easy to understand, while its interactions with other sectors - if
existent at all — are better discernable.

* .
See Appendix D.
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2.1.€6 Final Remark

The studies described above, which were often restricted to the behaviour
in situations not deviating too much from the standard situation, would
properly be supplemented by an investigation into the circumstances under
which certain details become main points, or, conversely, main points stop
being main points; in other words, an investigation into the behaviour of
the model under abnormal circumstances. Such an investigation has been
dispensed with in the case of World2 because the World3 model has in the

meantime become available.

©
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The Subgroup Dynamic Optimizing has restricted itself in this period of
reporting to World2 with a view to first obtaining sufficient insight
into the possibilities and difficulties of optimizing with this model.

Models and Criteria

Two models have been developed to approximate the original model, one

in which all coupling functions have been linearised (I55) and one with
non—-linear analytical coupling functions and an algebraic equation for
the pollution (I28 and I53), this in connection with the different nature
of the methods tried. In these models posaibilities of correction have
been incorporated for influencing:

e pollution generationm,

[ usage of natural resources,

e birth rate

s capital investment generation.

At the same time estimated costs of these influences have been taken
account of. That part of the total flow of goods and services which is not
spent on the above influences and which does not benefit the agricultural
sector either, is called "conswmption” for short and is taken into account
in a consumption standard of living (CMSL). This CMSL, together with
the degree of pollution POLR and the crowding CR, forms part of the
QUALITY OF LIFE QL as defined by Forrester. As a criterion, i.e. as a
quantity which has to be maximized, the preliminary choice has fallen on
QL multiplied by the total number of people P (one might say: the total
amount of wellbeing in the World) averaged over a definite period starting
in 1970. In most calculations the period referred to extended to 2100,
but in some a shorter period was considered. In general, the average of
QL.P was increased by the number of people, the remaining quantity of
natural resources, and the degree of pollution in 2100, each provided with
a weight factor (Further see I28 and I55). The correcting variables are
limited, on the one hand because none of the individual spendings can be
negative, on the other because the flow of goods and services left for
consumption cannot be negative either. Moreover, a lower and an upper limit
had to be set to capital investment generation (see foot-note to the next
section).

In the calculations that were performed in the Twente University of
Technology experiments were carried out with limitations to certain state
variables (I46 and I52).

Methods and Results

For dynamic optimization various methods can be employed, and as each has
its characteristic advantages and drawbacks, it is a problem by itself to
find the method most suitable for our goal. One of the most obvious methods
is the Pontryagin Maximum Principle, and with it the first attempts were
made (I3, I7 and I25), without success however, because neither the shooting
me thod nor Marquardt's method produced adequate convergence in solving the
two-point boundary problem. The first successful results were obtained by

an iterative method developed by Lekkerkerker and Oerlemans, which, per
cycle, approaches quadratically the solution of the Hamilton-Jacobi equation
(8), while constraints on the correcting vector are permissible.

In interpreting the results described in I88 the utmost caution ghould
be used, in view of the simplifications in the model, the nature of the
criterion, and the arbitrariness with which provisional correcting functions
and coefficients have been established. They showed that the additional
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spendings to fight pollution remained nil up to 1995, and then rose

to approx. 87 of the total world production in 2080. The capital invest-

ment generation was kept at its maximum permissible value to approx. 1985‘
and then brought abruptly to the somewhat lower minimum permissible value .
Further, at first approx. 57 of the total world production was spent on birth
control, but this percentage fell rapidly to remain constant from approx.
1990 to 2060; then it approached zero. The results referred to above made the
impression that optimization tried to give the capital investment a push in
favour of the CMSL, and at the same time tried to put a stop to the growth

of the population as soon as possible. It is noteworthy that afterwards the
population remained quite constant (about 4000 to 5000 million) and that the
standard of living as defined by Forrester was considerably higher than in
the uncontrolled situation. Further it is remarkable that till after 2050

a large proportion of the production (approx. one fifth) was spent on a more
economical use of the natural resources. All in all, this means that from
1970 during many decades a fairly large proportion of the world production
was assigned to means of limiting the consumption of natural resources and
the birth rate and to means of production (the assignment to the agricultural
sector was fixed), so that at first only approx. half of it remained for the
rest of the purposes, for brevity's sake but perhaps somewhat misleadingly,
called here conswmption. Now it is the Consumption MSL that exercised in
these calculations the influence on birth and death rates assumed by For-—
rester, so that the rapid stabilization of the population referred to above
was also brought about by the drop in the Consumption MSL. It is still a
subject of study whether the influence of birth and death rates may not be
better accounted for in some other way.

We suppose that it will be abundantly obvious to every reader that all
findings referred to above are extremely tentative and that numerous veri-
fications have yet to be carried out. Even afterwards the greatest possible
caution should be used when interpreting results. It is, however, also
possible that, as in the case of LIMITS TO GROWTH, eventually some conclusions
turn out to be so evident that verifying their correctness is possible even
without a model and without optimizing theory, which is perhaps the best result
ever obtainable with model studies.

In the meantime the Twente University of Technology has obtained
results with a variant of Dynamic Programming according to Bellman developed
by Larson and Korsak (9/). This is an iterative method in which only one
state variable is optimized per cycle, which saves memory space. Another
advantage is the ease with which various coupling functions and constraints,
also of the state variables can be considered (I46, I52). In view of the
calculation time required only optimizing calculations over the period of
1970 to 2020 have been carried out so far.

At the Delft University of Technology preparations are being made for
optimizing with the aid of the hybrid computer.

At Eindhoven, gradient methods are being developed. Using a comparatively
small program, results are obtained which agree well with those according to
the program of Oerlemans et al., but convergence proceeds somewhat slowly
yet (chiefly owing to the bang-bang behaviour of the investment generation
referred to above) (I85).

This correcting variable occurs linearly in the Hamiltonian, which gives
rise to a bang-bang solution; two additional switching moments appeared to
happen, returning the investment generation to its upper limit from 2060
to 2075 but this is probably not relevant.
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2.8.3 Plans

9
e

Now that the exploration period has passed by, first of all attempts
are being made to reduce the various activities to the same denominator:
same model, same criterion, same correcting variables and functions,
same constraints, etc., but without restricting the number of methods
for dynamic optimization. Particular attention is given to the mathematical
aspects of those methods. This not only refers to improvement of the
methods currently used, but also to development of new methods. Further,
cooperation in one group of specialists who have experience with several
methods, and the parallel application of these methods to one and the
same problem is found to be exceedingly instructive.

Simultaneously with the foregoing an extensive investigation will
be made into the way in which and the measure of which the results depend
on the many assumptions, functions, and coefficients that have been
introduced, viz.:

e the weighting factors which are attached to the final values of
population, natural resources and pollution in 2100,

. the weighting factors occurring in the correction functions,

. the constraints,

® the coefficients in the definition of QL (Quality of Life), and
eventually probably also:

° the influence of other criteria and other models.

Two important problems to which continual attention is being devoted
are the identification and definition of correcting variables (both as
regards their effect, and their cost and possible other ancillary effects),
and the formulation of various alternative criteria on the basis of
which possible developments may be evaluated.

Methods and techniques

The following is to supplement what has been said about methods and
techniques above.

For use on a terminal (time-sharing system) Algol programs have been
developed which on the one hand considerably shoriten the computing time
and on the other open the possibility, after completion of the calculation,
of having the curves drawn differently as long as the diagrams are not
as desired. A calculation with Yorld2 of 1000 time steps now takes about
150~200 seconds of the computer , but as this has to serve more clients,
the minimum waiting time for each calculation is about ten minutes. This
programmature is described in detail in U6; an improved version is
reported in 7.

The responses to the inquiry by circular letter (I132) concerning the
calculating procedure DYNAMO aund the errors in the 1970 values of
numerous variables in Forrester's standard run (see also V1, p. 10), as
also a few responses to a couple of questions that occurred to us when
perusing Forrester's book (I24) have been summarized in an Informal Note
(I80), by which it is hoped a certain amount of confusion and uncertainty
has been disposed of and some interesting marginal notes to Forrester's
book have been committed to paper.

This is a Philips P9200 system, consisting essentially of two small
Honeywell process—control computers, which in view of their short word
length (16 bits) are programmed in multiple word length which, of course,
takes more time than on a full-fledged computer.
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Evaluation and Information

An appreciable proportion of the evaluation of Forrester's model sketched
in Section 2.1 has not been reported on in writing yet; therefore a
separate publication devoted to this subject is being prepared, while
several publications on individual subjects are being considered.
Meanwhile, many of the findings have been incorporated in the lectures
held on the subject in a great variety of places (See Appendix B). In
this connection the Day of Information concerning The World of Forrester
held on June 23, 1972, as part of the Measurement and Control Seminar of
the E.U.T. deserves especial mention. Over 200 visitors attended. The
morning was passed by presenting the model 'in the manner of Forrester,
and the afternoon by further analysing the various sectors. In response
to many requests this Information will be given once more, viz. on
January 5th, 1973. After that, our intention is to direct attention
exclusively to newer world models, such as World3, as soon as they have
been published officially.
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THE MODEL OF MEADOWS (WORLD3)

Comparison of World3 with World2

Two provisional versions of World3 are at present known to us; they
differ from each other in a number of respects (I74) and show marked
deviations from the model of which LIMITS TO GROWIH (pp. 102-103)
shows the flow diagram (I40). The final report on World3 will probably
be published early in 1973. As far as can be established at present,
the most outstanding differences from and points of similarity to
Forrester's World2 are the following.

The fraction of the capital invested in agriculture (CIAF) no longer
occurs as a state variable; instead, four new agricultural state
variables have been introduced which are connected with the available
land and with the fertility of the land. In the capital sector the
service capital has been introduced as a new state variable in
addition to the industrial capital. The natural resources sector has
not been changed essentially. In one of the versions of World3 the
population has been split into age groups (approximately in conformity
with the sketch in Limits to Growth, while in the other version no
distinction is made to age. Finally fifteen state variables have been
incorporated in the form of lags in certain interrelations (see below).
This has caused the total number of state variab;es to increase from 5
in World2 to 9+15 in the April version of World3 .

Nonrencwable Natural Resources and Capital Sector

The nonrenewable natural resources sector has not been essentially
changed, but part of r.ue industrial capital has been assigned to it for
exploration and exploitation. From the rest of the industrial capital
an Industrial Output IO, i.e. a flow of industrial products, is derived
and allocated to various purposes (agriculture, consumption, services,
and means of production). Further, a tentative mcJel for the number of
available jobs and workers has been introduced.

Agricultural Seector

The model for this sector is different in set—up and far more complicated
than that of Forrester; it also shows striking differences from the

model in Limits to Growth. It contains four state variables: potentially
arable land, arable land, urban and industrial land, and land fertility,
while the effect of capital investments and the reaction to the food
production per head act on the sector via lags.

Poillution Sector

The model for persistent pollution is approximately the same as that of
Forrester, although a Zag has been introduced which causes the production
of pollution not to affect the degree of pollution until after a number
of years. In addition, a short-term pollution has been introduced which
affects the agricultural production as a direct result of the industrial
production,

* . . . . .
In the July version this number is, of course, different again.
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Population Sector

Birth rate and death rate are established in totally different ways,
as compared to Forrester's model, and life expectancy and fertility
play an important part. Some influences from the capital sector act
via lags.

Final Remark

Although Meadow's model is more complicated than Forrester's, it shows
many striking points of similarity as to structure and behaviour, as
will appear from the next section.

Insight into the model and understanding of tts behaviour

The more complicated character of World3 makes it still more important
to see the model as a structure of sectors, and to understand the
behaviour of the sectors individually and the effect of their inter-
relations. To achieve this, the model has been approached in several
ways simultaneously, the studies Qaving first concentrated on the
behaviour during the standard run . At a later stage it will be
investigated to what extend special developments are possible under
special conditions.

Behaviour of the Quantities

The standard behaviour of all quantities in the period of 1900-2100 is
represented in graphical form I53. The figures teach us, among other
things, that the changes in the labour sector causes the industrial
output to vary by only approx. 0.05 per cent, that the influence of
persistent pollution on the life expectancy lies in the same order of
magnitude, that the short-term pollution does not affect the land yield
perceptibility, and that the investment for increasing the land

fertility is an almost fixed deductible expense of the total agricultural
investments (I48). This causes a number of relations to become, in first
approximation, insignificant which simplifies the picture considerably.

Main Relations between Sectors

A further analysis of the standard behaviour and of the part the assumed
relations (table functions) play in it has led to, among other things,
the following conclusions (Further see the sections following):
] The consumption of nonrenewable resources is determined almost
exclusively by the industrial output; the size of the world population
has only a slight influence.
. The fraction of the industrial output invested in the service
sector depends largely on the quotient of the outputs of these two
sectors; the size of the world population has little influence on this,
too.
. The generation of persistent pollution is mainly determined by the
industrial output and the allocations to agriculture; the number of
people producing pollution and the area of arable land contribute in a
much smaller degree.

From these and other results of the study in question (I65) the
preliminary conclusion may be drawn that under normal conditions

What follows now is primarily based on the April version of World3 (5);
where numerical values are mentioned these need not apply to the July
version (6).
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Meadows' model can be represented by the diagram-in-outline shown in
Figure 7.

Resources
and Capital
sector
Population Agricultural Pollution
sector sector sector

3.2.3 Effect of'DeZay.s"b

3.2.4

The model contains a number of lags which can be described by a third-order
difference equation (I0). It appears that the standard behaviour hardly
changes when these lags are replaced by first-order transfers (I60). From

a mathematical point of view, this means that the number of state variables
can be reduced from 24 to 16, which is of great importance to several
studies.

Population Seetor

The industrial output per head acts on the desired size of families along
two parallel paths. The two influences compensate each other so that during

In terms of the jargon used by control engineers and most systems scientists,
vhat are called delays by the M.I.T. group are not time-delays at all, but
exclusively lags described by first- or third-order difference equations.
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the standard run the desired size of families is always between 2.94 and
3.28, i.e. that it deviates less than 5Z from the average value. This
influence can therefore be replaced by a constant without the behaviour
being affected appreciably. Since, as stated above, the degree of pollution
does not exercise much influence either, the population sector appears
to be affected virtually only by the production of food and services per
head.

Another interesting point is the behaviour of the total fertility.
If the values of this variable are not too high, it is determined by the
sum of two terms:

. the desired total fertility multiplied by the birth control effective-
ness, and

[ the maximum biological fertility multiplied by (1 - birth control
effectiveness).

Up to 2050 the latter contribution is between 0.94 and 1.17; so it does

not change much. If we substitute a constant value for this contribution,
the standard behaviour in the period mentioned is, therefore, not influenced
appreciably. Further, the model sets a biological upper limit to the total
fertility, which is reached in 2070 (IS57).

Correcting vartables

World3 lends itself better to adding correcting variables ("instruments of

economic policy" and the like) than its predecessor. As explained in the

previous report, we consider the identification and introduction of such
variables as an important but difficult task. Relevant possibilities in-
clude:

e more economical exploitation of nonrenewable resources,

o reduction of the consumption of nonrenewable resources by recycling,
lengthening of the lifetime of the products, and the restriction of
consumption,

e more effective food production, especially through restriction of the
losses, before and during as well as after harvesting,

e restriction of industrial pollution production,

® restraining the growth of the population by reducing the desired completed
family size and promoting birth control.

The activity in this field is still in an exploratory stage (173, I76).

Effect of Stabilizing Conmtrol

The effect of adding stabilizing controls has becn investigated at D.S.M.

in the manner in which this has been done earlier for WorldZ. Comparison

of the results reveals the following (162, I78):

e Although, owing to the more complex dynamics, the stabilizing feedback
loops might sooner become critical, there is no tendency to instability.

o The suppression of pollution owing to moderation of investments seems to
be as effective as in World2, despite the fact that a lag occurs between
industrial output and pollution caused by it.

e The quantity of nonrenewable resources is easier to '"stabilize' in World3
than in World2.

e As regards the growth of the population, the standard behaviour of World3
contrasts rather unfavourably (peak value about twice as high!) with that
of World2. Therefore, the population in World3 is more difficult to
stabilize. Reasonable results will only be obtained if action is taken
within the population sector itself.
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For safety's sake it must be emphatically pointed out that the
results of these control studies require very careful interpretation,
not only because the proper correcting variables have perhaps not been
used yet, but especially because the real world is probably far more
poorly controllable than World3.

Methods and techriques

Supplementing what has been said in the foregoing, e.g. in Section 2.3,
on methods and techniques, it can be added that both versions of World3
have now been implemented on the P9200 time-sharing system of the E.U.T.
For the purpose of carrying out bulk calculations, the July version (6)
has also been programmed for the main computer EL X8.

In addition, a hybrid simulation is being carried out in which an
analeg computer and a small digital computer are coupled together (see
also V1, p. 16). The great advantage of this combination is that the
calculation time is negligible, and that one can see almost at once how
a change in the model affects the behaviour of 1900 to 2100 (or any other
point of time), which provides much more rapidly a much better insight
into the system.

Evaluation and Information

As appears from the above, World3 is being investigated in different ways
simultaneously; a fairly large proportion of the findings has already
been provisionally laid down in I-notes (see list at the end of this
report). As regards the Information Days, etc., we have intentionally
restricted those to the model of Forrester, because we did not think

it proper to disclose on a large scale our findings concerning the model
of Meadows before his publishing it himself in book—-form. Therefore, it
is in fact in the present report that we go into his model for the first
time, in the hope that his book will have been published by the time this
report reaches you.
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Quantities and Scales

Forrester assumes that the effectivity of the capital investment (CI) decreases
as the supply of natural resources (NR) becomes smaller and takes account of
this by multiplying CI by a fgctor NREM, which depends on NR divided by the
initial supply NRI as follows :

NREM
1
4
0
0 i I NR/NRI
FPigure E-1

Using this graph, NREM can, conversely, be taken as a measure of NR, and this
possibility has been used in constructing Figure | by defining the quantity N
as follows:

_ CIGN

= m . NREM, (E"l)

where CIGN represents the coefficient for the annual investments and CIDN those
for the discards. Hence, the following graph applies to N:

CIGN

N = ———_

CIDN

CIGN )
CIDN®

CIGN 0

CIDN'~ 1 NR/NRI
_—

Figure E-2

In the standard run CIGN/CIDN = 2, and the corresponding scale for NR/NRI

has been drawn additionally in Figure 1 at the right-hand side. This scale

is subdivided linearly from 0 to 1/4 and from 3/4 to 1, and, with a different
scale value, from 1/4 to 3/4.

Quantity C in Figure 1 is the capital investment CI divided by its initial
value CII (in 1900:400 million units, according to Forrester):

C = CI/CII. (E-2)

Further see Chapter 3 of Forrester's book (I).
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Introduction of the above N and C as measures of the natural resources
and the capital investments, respectively, enables the equations, under
certain simplifying conditions (see below), to be so transformed that
only one single parameter (1) remains, provided the time scale is
chosen judiciously.

Therefore, along the abscissa the writing-off period !/CIDN (in
Forrester's case 40 years) was chosen as unity. In the standard calculations
the time scale is from 1900 te 2100, but that is not essential, for whether
the date is high or low plays in itself no part at all; what only counts is
the time that has elapsed since 'the start'.

The principal parameter tv of the curves is given by:

_ NRI  CIDN _
TTTII e g (E=3)
where
a = d(NREM)/d(NR/NRI) , (E-4)

i.e. the slope of the graph of Figure E-1.

The heavy solid curves correspond with the standard run t = 1t , the other
ones with situations in which NRI.CIDN/CII is greater or smaller by a
factor 2 or 4.

Conditions

As stated in the main text, Figure 1 applies only under certain conditions.
The most important is that the Agricultural Correction Factor AC must be
constant and equal to i; further, the material standard of living MSL
should not become much greater or smaller than |. In the standard run, from
1900 to 1970 AC is somewhat greater than |, while MSL just lies between 1/4
and 3/4 for some time, which favours a somewhat more rapid growth of C and
a somewhat more rapid fall of N than shown in Figure 1. If, when
calculating this figure one started from the conditions in 1970, the
correspondence would be better, but since we are only interested in the
principal aspects of the behaviour of this sector, this was not done. It

is more important to point out that the figure does not apply in situations
in which the pollution Yuns away' to high values, and this for two reasons:
(1) the model calculations then show such a wholesale rumber of deaths

that the standard of living runs high (it is, indeed, defined by the
investments per head), and (2) according to the model, the high degree of
pollution impairs. the production of food to such an extent as to recruit
great additional capital investments in the agricultural sector; in

other words, AC then falls drastically. This creates the process as
indicated by the dot-and-dash lines in Figure 2; the accompanying response
of population and pollution is represented in Figure E-3. The solid lines
show what happens, according to the model, 1f one does not allow the

degree of pollution to rise higher than 10 times, 5 times, and once the
jevel in 1970, respectively, or if the degree of pollution is kept
constantly at zero. In Figure 2 the results then diverge too little to
produce different curves, but Figure E-3 makes clear that the population
is, indeed, sensitive to the limit to which the degree of pollution

rices. If no limit is set, then the degree of pollution 'runs away', as it
were, to very high values and the wholesale decrease in population occurs
(dot—and~dash lines) which causes the material standard of living to rise
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high (up to over six times that of 1970!!). However, we are dealing
here with a situation about which science is groping utterly in the
dark, while the 'running away' or not of the pollution is in most
respects extremely dependent on the assumptions made (UI11).




MODELLING WORK OF THE SYSTWMS ANALYSIS RESWARCH UNIT IN THE DEPARTMENT OF
THE ENVIRONMENT, UNITED KINGDCM

Philoso

The modeller should, as far as possible, observe the behaviour of the system
in a detached, objective way. His attitude should be that of a physicist
endeavouring to explaln the behaviour of an assembly of units, like a gas,

in terms of the properties and interactions of the elements of the assembly -
in this case the molecules. Similarly, the ecologist may explain the observed
changes in an ecological system by modelling the properties and interactions
of the specles of plants and animals comprising the system. Economic models

are constructed similarly.

This implies that, for global or regional modelling, it is necessary, in the
description of the elements. to model the decision makers, just as closely as

the physical world in which they exist. The concept of control is reserved until
there is sufficient understanding of the system %fo reziise. at what points ard

in what way, the trajectory of the system can be influenced,

Thus, the model should have high explanatory power: should be #ble to reproduce
time series and to perform towards disturbances in entirely credible ways belore

it can be 2 basis for contemplating control action,

KElcinents of the model

Just a3 the behaviour of an ecological system can be traced back to the
individual plants and animals: so the behavicur of human society can be tracel

back to the rol:s which pecple play in that sociely.

The role of the individual as consumer has been described very well by econonists
in terms of maximising utility. If we assume that for each gocd there is a

corresponding utility and that th4 functional relationship between wtility erd
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the quantity of the good is monotonie, then maximumptility is obtained when

the consumer apportions his expenditure so as to make the marginal utilities
equal, By observation of the expenditure patterns of consumers over a very wide
range of incomes, we are able to deduce the form of the utility functions which
describe the behaviour of individuals considered in aggregate. To use this
description, we have to assume that as a tranche of people in one income dand
moves into a higher income band, the new pattern of expenditure will be appropriate
to the higher income, i.,e, what the rich do today the poor will do tomorrow

when thay have become richer. We have found that tolerably close fitting
functions for the categories of food, shelter (including durables), travel,
services and investment can be deduced from the expenditure patterns in the whole

range of countries of the world.

The role of the investor whether as an individual, an institution. or the sta*e
i3 descrited by the apportioning of investment according to the profitability
of the opportunity. More profitable ventures receive higher investment than "“ow

yielding ones.

The role of the manager in an enterprise is to make the most efficient use of

the labour, raw materiale mnd capital at his disposal. This is to be interprzied
ag efficient in the monetary sense and operating within the constraints set by
the markets in labour and raw maierials from which he buys. He must also operate

within the regulations imposed to maintain safety, restricted emissions, etc.

The role of the legislator is to impose such regulations as are necessary to
maintain safety, restricted emissions, etec, and ultimately he does this in
response to the demands of the people en masse. i.,e, reflecting the utilities

they perceive from safety, clean air and watsr, etc.

The mecdel
With certain additional relationships specifying the accounting aspects, the

elements described above can be assembled to operate in time and generate time
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series for observable variables, given initial conditions. Sectors whose
outputs consist of food, shelter, travel and services buy their inpute from
the further sectors of energy, metals, etc, hire their labour at the current

rate and sell their products at the prices which consumers are prepared to pay.

To operate such a model it is necessary to specify the rate at which population
is increasing, the way in which income is distributed and the change of sector
inputs over time arising from resource exhaustion and technological advance.
Over the last few decades, in the developed countries, there has been little
change in income distribution, little effective resource exhaustion and
technological advance has been falrly steady. The model described here fits the
time series data in a credible manner, rather in the same way as the Cobb Douglas
function with time driven technological advance fits the time series of labour,
capital and output for individual countries. Indeed, the assumptions about the
behaviour of role players in the industrial system which underlie the derivation

of the Bobb Douglas function closely parallel the assumptions for this model.

A variety of tests have been performsd on the model, to check stability and
response to disturbance, These have been satisfactory except for response to 2
necessary substitution. There have been many substitutions take place in the
past, e.g. coal for wood without the large fluctuation which we discovered in the
model behaviour, Tue discrepancy lies in the method used to model investment ‘
behaviour. If we use investment based on past profitability then delays in the ;
response of the price/market mechanism result in down-swings of output during i

the period of suhstitution.

Anticipation

It is clear that an anticipatory element is present in the investment criteria.
Investors are influenced by their expectation of what the future holds, In order
to model this effect, we operate a rehearsal of the future every few time steps;

about once a year. The rehearsal consists of running the model forwards and



calculating the discounted return to investment in each of the sectors, inciuding
sectors which are in nascent form at the time the rehearsal starts. As a

result of the rehearsal, investment is made according to the net present value

of future return, and the main model run continues with that investment pattemn

until the next rehearsal,

This procedure has a profound effect on behaviour of the model during a period
of substitution. For high discount rates, the down-swing of output occurs, but
for low discount rates, there is virtually noldown-sving at all. We argue that
not only is behaviour of the model including anticipation realistic, but that
our knowledge of the criteria used by decision makers responsible for investment

suggests that they attempt rehearsals in an informal manner,

In oxder to use the model for projection purposes it is necessary to postulate
the existence of sectors in "seed form" so that when the growth of the seed is
possible because it is economically viable, then this can occur in the model. A
range of such seed sectors can be specified for possible fruition during the

next fifty years, e.g. desalination, solar farms,large scale recycling, etc.

The problems of pollution would appear to be outside the scope of the model
described, but this is not so if it is accepted that there exists always a strong
feedback mechanism, which operates when there is realisation of the dangers of
pollution, The dislike of pollution is manifested in the form of regulations,
standards, etc which entail the installation of pullution abatement equipment

by the industries concerned, or in extreme cases the decline of the industry if
the costs of abatement are too high., Costs of pollution abatement are therefore
included in the accounting calculations for each sector, and the viability of
present and future sectors then depends on these costs in addition to the costs

of input materials, labour and depreciation of capital,

Technological advance

For any single product it is observable that the efficiency with which it has
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been produced (measured by the quantities of labour, materials and energy vhich
are required for one unit of output) tends to improve more slowly as time
advances; appearing to approach a plateau asymptotically. The reasons for this
are twofold. There are the laws of thermodynamics which limit the efficiency of
processes like photosynthesis and the operation of heat engines. Secondly, the
properties of materials do not allow of the development of perfect heat insulator

frictionless movement, ete.

The whole range of industrial and agriculiural output can be measured by the
quantity of structure or order (in a thermodynamic sense) which is created by the
channelling of energy. The quantity 2;"P Lj P as the number of bits of
information contained in an assembly with probability p of occurrence, can bte
calculated for each type of output and limits set on the efficiency .rith which
this order can be created. In many cases there are two processes occurring
concurrently, The natural stracture which is present in the form of concentratiol
of metallifercus ores, almost pure water, etc. is being depieted, but the
efficiencies with which industrial activity is performed bave been increasing.
Both aspects of the production process must be represented in specifying the

sectors,

The description in terwus of quantity of order allows of a quantitative measure
to be applied to the outputs of future sectors without the requirement to define

the explicit characier of the hovsing, travel, durables,etc whih will be produced

The elemsnt of uncertainty which remains, is the rate at which approach is made

to the limits set by thermodynamics and the properties of materials.

Exogeneous variables

Although there have been proposals for the construction of a causative populatio
model with determinants of fertility in-built, the studies in this field appear
insufficiently advanced to generate confidence in them., Fertility rates are i

therefore treated as exogeneous variables, and scenarios generated for alternatid



possible rates,

The anticipation level, as reflected in the discount rate, although it may be
estimated in a particular contéxt is clearly influenced by the culture and
attitudes prevailing. The publication of modelling results which indicate the
effect of choosing particular discount rates can itself influence the effective
discounting employed. Scenarios for differing discount rates are therefore

required,

The variation of the quality of life is strongly affected by income distridbution,
within each country, but even more importantly between countries. There would not
appear to be means of predicting the extent of altruism. but different scenarios
corresponding to different levels of aid to the less developed countries can be

generated.

Finally, the specifications for new sectors must be partly speculative, especially
when the projections are pushed very far into the future and therefore scenaric

wariation with respect to variation of these specifications is necessary.

The possible futures appearing in these different scenarios may contain aspects
regarded as undesirable, Many decision makers, i.e, many role players are
invclved in a given change of trajectory. Choosing a lower fertility rate is a
matter of immense numbers of people deciding the movement into one future
variation rather than another, It has been pointed out that the use of a
particular discount rate has a strong effect on the stable performance of the
system and the attitude of decision makers in this respect can bs affected by
believing that an undesirable future would result from too low a level of
anticipation. The most radical effect on the future would be produced by a change

in the products which consumers desire, i.e, by a change in the utility functions.

P.C. Roberts
May 1974
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1. Introduction

In this paper we shall give a system theoretic consideration
to the world model proposed by Mesarovic and Pestel grouﬂ{
In particular, we shall try to formulate key concepts underlying
the model. This paper reports preliminary considerations and

technical results will be presented in succeeding papers.

2. Formulation of the World Model

Fig. 1 shows a basic structure of the world model%) The
model is characteristic of its hierarchical structure. The
hierarchy consists of three fundamental strata, individual or norm
strata, organizational or group strata and natural er causal strata.
The individual strata is for individual persons on the world.

The essential role of this strata in the world model is to specify
a norm for decision making of world problems. This strata is,
hence, called a norm strata and is ~'.aracterized by its norm.
Each individual person on the world is interested in many faces
of world problemsye.g., food shortage, air pollution and others.
These problems are represented by the causal strata. Let Y be
the set of outcomes or conditions of the causal strata. Let X be

sgates of
the set of*mnature surrounding the causal strata. Then, the norm
of the individual strata can be expressed by the following two families
of mappings{é\'—f}and (T(.'N}

Gl X xY —V

TV x —— v

-1 -



where Gf:lfl,% )is i-th individual's evaluation of the outcome y under

the condition x of the nature andTﬂN(z)the tolerance limit for the

present condition. V is an ordered set of values whose ordering will

be denoted by £ , Then, the i-th individual is satisfied with present

condition y of the causal strata 1f the following relation holds.
KxxeX —> GF'.N(x,l@) ZT‘:(I))

The organizational stragz represents policy-making and administrative
functions of the world and its ultimate purpose 1s to control the causal
strata so that every individual 1is satisfied with the outcome of it.

Since individuals are usually incompatible in their evaluations of
states dne another , In the organizational strata goals and tolerance
limits of the norm strata should be integrated into an aggregated goal érA
and tolerance limit 1‘{ i€
G XA Y — V
T X —> v
It is not easy to find a reasonable aggregation of goals of individuals.
This problem will be considered later. G4 gives just an evalusation
criterion of the state but does not specify controlling variables.
The organizational strata,then, have to form a goal and a model of the causal
strata, which specify a manipulating input for the causal system.
iHp

Let the newly formed goal, referred to as an implementation goal G ',

and the model - f the causal system be as follows

G'IMF:HXXXT'—’—) \/
PP M X —> V

where M 1s the set of manipulating inputs.
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In the real world the causal strata 1is intrinsically regionalized.
For instance, the population problems of the south east Asia are quite
different from those of Latin America. Each local government 1is, hence,
enforced to solve its problems in a regionalized way as well as in a
global way. This is exactly a multilevel hierarchical structure?)
In order to make the representation of the model simple we assume
that the multllevel system 1s a two level system.

The basic structure of a two level system is shown in Fig. 2.
Suppose the causal strata consists of n reglons and let the submodel
(subprocess) representing the i-th region be as follows.

FA'.,'M;XX,,;)(V; — Y. (,Lzl,..,%) Uy
where M;H,x-'me

\/ = Tﬂ Kooen X T‘“

X = X, x - x Xm

U, represents the set of interaction inputs from the other regions.
Let the representation of the interaction be as follows :
K, @ Xx¥ —> U (3i=ly .,m)
Each local organization which controls P. 1s specified by its goal G;
and tolerance limit T}I ;_€4/
G, MxXxUxXoxC, — Vg
C. represents the set of coordinations from the upper level system.

The family of ( P/, G, T,) (izlr,qx ) constitutes the lower level system

of the two level system . The upper level system 1s the coordinator



of the lower level system and is formally expressed by (G}D, F”i T} ),
that is,

G, : Cx XxXF —> V

P, : CxX ——>» F

Te ¢+ X —=V
where F is the set of feedback informations from the lower level

P is the overall

and C = C;» --- - xCM' The implementation goal G
goal for the two level system. The two level system 1s constructed
to implement it. Although the final object of the coordinationof
the uppler level systemls to achieve the overall goal ( implementation
goal ), its goal does not necessarily represent the overall goal
divectly. The immediate purpose of the upper level is to harmonize
the lower level systems. It is not necessary that the upper level
can achieve the overall goal th%ugh harmonizing conflicts among the
lower level subsystems. This 1s a problem of gecal harmony disscussed
later. In this multilevel structure communications among lower level
decision makers do not exist in explicit forms. This does not mean that
communications are not allowed. Rather in this model communications
are embedded into the coordination scheme. In the weakest form of
coordination it may bégéhannel for transmission of informations among
the lower level decision makers while in the strongest the coordinator
is a real decision maker who gathers information of the state of lower
level and makes a decislon of the coordination variable to harmonize
the lower level.

When we constructa complex large scale system, the construction
is usually done in a hierarchical wayf) This hierarchy will be referred
to as a model building hierarchy. Fig. 3 shows that concept of

hierarchy.



In Fig.3 X, represents environmental conditions for model building,
for instance, model specification, available data and others.

Y, represents a model. S, 18 a model building procedure.

W, and C, represents interactions among model building procedures.
In Fig. 3 the lowest procedure S, is assumed to produce the most
detailed and concrete model while the highest procedure S does

the most abstract one. As the level goes up, a produced model
becomes less detailed and more abstract. A modelby S, is
constructed based on a less abstract model by S.- 1.

The result of S4., is transmitted to S. by w,while the requirement
from S, to S,-, by esi-1 . The model building hierarchy is, then,
expressed as follows :

SM H XMX Wa > Ym

S, : X,x C, > Y,

St XKia W, xCp ——» Yo (2<i&m-1)
hi 2 Y, — W+ (1£i¢m—1)
12;:‘(;\,&’_' (264 S m)
Due to their roles in the hierarchy h, and k., will be referred to as
abstraction mapping and request mapping, respectively. Let
X=X, x - . x Xn
Yo Yix-oox Yy
Then the model building hierarchical system is defined by the
following mapping S
S : Xx{h}x{k} — Y
where h ztha, -, hn-1)
k =(ka, - - ke )

such that the following consistency relations hold.



S%(m,w;m)=‘jm;s,(f;é\,c.)=‘3-}
S;(n‘,w.‘,c;):gz (24¢ig<m—1)
%;L‘&.‘)=W:+| (L 4£A&m=1)
bi(d=CGi-1 (2¢iem)
The world model proposed by Mesarovic and Pestel can be
characterized by the above two types of hierarchy,that is,
hierarchical model and hierarchical model building. Based on the

above formulation key concepts and problems for the world model

will be presented in the next section.



3. Basic Concepts of the World Model

In order to discuss basic concepts and problems of the world
model we need concepts of similarity of models and extended topology.
They are briefly presented iﬁ Appendix.

Since the world is a complex system, study of it produces many
problems. In this paper,since we cannot cover every problem of it
due to apparent reasons, we shall discuss the following concepts which
seem the most fundamental for the model; interaction for the causal
strata, goal harmony for the hierarchical structure, structural stability
for the overall model, vertical decoupling and modeling stability for

the hierarchical modeling.

3.1 Interaction

Usually a large scale system is used as a synonym of a complex
system, However, a large scale system is not necessarily a complex
system. This is clear if we consider a large scale linear programming
problem. However large its size may be, a linear programming problem
js conceptually quite simple.

Intuitively a system is compelx when it is forced to be recognized
as consisting of interacted subsystems. Thus nggﬁy that complexity is
characterized by interactions. The causal system of the world model
is usually a huge system and difficult to be handled effectively.
However, if its difficulty were solely due to its largeness, its diffi-
ulty might be solved by only technical improvement in data gathering
and handling. But in reality its difficulties come from its complexity

as well as its largeness. The dificculty due to complexity cannot be
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dvercome without understanding basic properties of interaction.
Since an interaction is usually a given value, it is considered

a primary concept but as the following example shows, it is a secondary
one and its expression depends on modeling of a complex system. Fig.4
illustrates a simple interacted system. This system consists of two
subsystems whose input. and output are m and m, and Y, and 4, , respct-
ively. In Model A of Fig. 4 these subsystems are represented by

Yy 10 m+ y, } (23

Yo = 20 my + 2 y,
In this model it 1s natural to specify the interaction inputs as
u, = ¥yg and ug = y,. If we solve the above system equati-ons (2)

with respect to y, and y, , we have
Y, = -10 m, -20 my } 3

Y= -20my -20 my
It is clear that these newly obtained equations (3) also represent the

original interacted system. Model B in Fig. 4 illustrates the re-
presentation by Eq. (3) where the interactions are u, = myand U =m,.
The above simple example shows that an interaction cannot be
uniquely determined even if its existence is doubtless. Furthermore,
the representation of amodel of an interacted system is shown to change
drastically depending on selection of the interaction. The second fact
cannot be overlooked because in practice it is common to estimate a
rough behavior of a subsystem by neglecting its interaction input.
If we do so for the above example, the input and output relation of 5 in

Model A is given by



4, =tom,
while that in Model B is given by
Y, = -tlom,
On estimating the behavior of S‘ Model A will,then, produce a result
completely different from that Model B does.

We know that an interaction is vital to a compelx system and also
have known that it is a secoﬂdary conept and that its expression depends
on modeling of the complex system just as the representation of a state
space depends on modeling of a dynamical system. Then, an important
problem is to clarify how an interaction concpet can be derived from a

suitably chosen primary concept. As a Primary concept the following defi-
nition of a complex system can be used.

Lt MCMx-- XMay

X Cc¥Xx--- X Km
\\’ C Y\x---X% Yo

Def. 1 : Complex System
Let S;‘C(ML"XL)"\G\, (f=t, - um) . A systenm
S C(MxX)& Y is called a complex system if and only if the
following holds
S C g"‘ T XSM
The ‘above definition is uot accurate in the sense that {MxX)x Y cannot
be a subset of S‘x --'&S“. However, gince S can be embedded into

S, x-- - XS,  in the obvious way, we use the definition of complex
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system in the above form. In Def. 1 S. is apparently a subsystem of S.
A
A definition of mutual dependency of subsystems can be introduced as

follows,

Def. 2 : Mutual Dependency

Subprbcesses are mutually dependent if and only if 5 is a proper
subset of SyR "7 ~XSp -

The mutual dependency implies the existence of interactions among
subsystems and really we can show that if subsystems are mutually
dependent, then there exist an interaction variable U, and the complex
system can be represented by Eq.:(1). These technical facts will be

reported in the succeeding paper.

3.2  Goal harmony

The world model is essentially a goal seeking system and hence
its behavior is specified by its goals. As Fig. 1 shows the world model
consists of various kinds of goals. Goals of the model are classified
as individual goals ng’ aggregation goals Gh, implementation goal c'™P
and goals of the multilevel system. These classified goals are not in-
dependent and related by transformation, l.¢., goal transformations.
Let the goal transformations be as follows.
wh o TS — 16Y
W {§" — 1™}
H QG[MP} ———){(G‘.s&.s -'1&«)}

- 10 -



where 2&‘:1, S\'G-A}, ic—;‘m; and f(q-“ .- e G‘-‘)} are the sets of
goals of G—‘; , (—}“, G‘-lMP

goal transformations cannot be arbitrary and should satisfy some pro-

and € &esy ---5&m) 5 respectively. The

perties if they are accepted as reasonable by the society. The goal
harmony is one of such properties. In order to define the goal harmony
we shall introduce several ordering relations. Let 5(&":) c YrY 4e
SY<E)HY (G OLY) $ G )

that is, the situation y' of the causal strata is preferred to the
situation y by they~the individual if and only if in any envirommental
conditions l)’ yields bigger value of G;N than 4 does. It is easy to see
that S(G‘!:‘) is a partial ordering i'elation. The family of the ordering
relations SS(G‘";) 3 determines a partial ordering £(¥onY as follows.
Let  €(G"™) € YxY &

4@ Y > % <G Y)
The relationfte""}may be called preference of the society. Similarly
aggregated goal G-A defines a partial ordering relation &(G*) on Y as
follows.

y<(6h 4 —Syueat e,y ¢ aox, 4)
A goal harmony with respect to \{J‘is, then, defined by {(G‘«)and 5(&")
as follows,

Y <™ Y —> Y& (Yreeg™ Y (4)
That.is, if y'is preferred to y by the society, then y? should be also
preferred to y by the aggregated goal 1"*(0('“), or the goal harmony requires

that the goal transormation should transform Ff&':i so that the relation
“~
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(4) holds. A goal harmony can be defined in various ways. For instance
Y<(yregny — 4 <@gy’
is another form of a goal harmony of %P". A goal harmony with respect
to W™ can be formulated as follows. Let é((i-wp) Cc MxM and &(g"p) C MM
be such that
on £(@"™") m' )¢ g ¥em, x, Pem, ) Cg™Mim X, Pan'sx1))
and
wm (&' Prm' > WG (x, Pama0) € @ ¢, Pomyx 1))
Then, a goal harmony of (Pm? is given by the following relation
m £ (G M —> m <(gPp) m?
Finally, let €(§,)C Cx C be such that
YS(Q Y WX G (T4 X,y B (¥, ¢ G, (¥, X,P.35200))
Let:@\a(l')GM; be a decision made by thei~the subsystem of the lower
level goal seeking system when a coordination Y e C is given. Let
n';\(’u)=(1"\\1‘(b’), ---,'i“n,m) Then, a goal harmony of HH is given by as follows.
Y LG Y — mY) $(§'" W (1)) &)
The goal harmony given by (4) has been studied in the social
welfare function theory where QIA corresponds to a social welfare functions).
Some conditions has been known when qlA satisfies the goal harmony.
The goal harmony of WIMP has not been studied so much in a formal frame-
work. The modified form of this has been treated by social sciences such
as economics, political science and/or sociology. One of the typical
result of this goal harmony may be the theory of price mechanism. If P
is an ideal market, we know fairly well how to construct Q'“‘P from G—h.

3)

The goal harmony of H is a main subject of multilevel systems theory .
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INP
It is not easy to ccnstruct G. from &  such that (5) is satisfied
and so in many practical constructions of multilevel systems a modified

form of (5) is uéeds).

3.3 Structural stability

Stability has been a central topic of systems theory and most of
the researches are concerned with dynamical stability. Dynamical sta-
bility is certainly important for a large scale complex systems, but
when we apply a theory of dynamical stability to a system, we must have
a fairly accurate model of it. This is usually hard to be expected
for a large scale complex system. This enforces us to try to find a
method to treat a system gtability in a qualitative way. The strucural
stability we shall present below is a static and qualitative concept of
stability. This type of stability has not be studied so much so fare).
However, it has to be studied with increasing attention.

Suppose the structure of the world model is represented by a triplet

C WA, W'NP, H). In the real world q'“. W'™P and H may be con-
sidered to correspond to a political structure, an administrative structure
and a bureaucratic structure, respectively In general the form of(W?‘¥f'H)
is dependent on the environmental conditions. Let the dependency be
denoted by R, , that is,
Ritx —>ewh, ¢, ot

Certainly, it is very difficult to determine a concrete form of R,

and moreover, R, may be a relation rather than a mapping. Since the

purpose of this paper is to present basic concepts of the world model
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rather than any deep results, we proceed our argument assuming that R|
is a given function. Let Ry be a mapping from the set of structures into
a set of forms of model (Refer to Appendix) i.e.,

Ra: $CWh, W™ H)Y ——§ form of medelal

Then, the structural stability of the world model is defined as follows.

Def. 3 : Structural stability

The world model is stabile at the form f if and only if

(YNEANM)(RLR (N CNLIfY)

where R, R, (x)=f and N(f)  and N(x) are neighborhoods of f and x,
respectively (Refer to Appendix).
Roughly speaking, the model is of structural stability if the form of
the model does not change as far as the change of environment is not so
large.

A Lyapunov type stability has been considered in the framework
of general systems theory and some solid results have been obtained for
7)

it The structural stability may be more difficult than the Lyapunov

type stability but is worthy of making a hard research effort.

3.4 Vertical decoupling

When we build a model of a complex large scale system, the model
building procedure itself is a complicated system and hence can be a
resear;h subject of complex systems theory.

As mentioned in Section 2, in the present project the world model

is built in a hierarchical way. There are two concepts of significance

- 14 -



for the hierarchical model building. One concept isvertical decoupling
and another modeling stability. These concepts are related each other.

We first introduce vertical decoupling.

Def. 4 Vertical decoupling

The model building procedure is of vertical devoupling at Lﬁm,fi_.)kiﬂr.n)
if and only if

(VBRI R Rp ) = Oy & ¥l =T,

If the model building procedure is vertically decoupled, then for any
envirounmental change we can keep the interlevel interaction variable W.
and €, constant by adjusting ‘the interfacing mappings hi and k., . If
it is not difficult to adjust h, and k. , then the vertical decoupling
is a quite desirable property. Modeling stability is introduced as

follows.

Def. 5 ¢ Modeling stability

The hierachical model building is stable at i:(i, 3 - -3 im)
if and only if

YN W eNRY TR )R8 =R ) &

*:(90 = k. (§2))

This concept is related to the ability of adjustment of the system.
If the system is of stability in the above sense, then as far as an
environmental change is not so large, the system can adjust the inter-
facing mapping so that the interlevel interaction variables remain con-
stant. Consequently in the case of stability a change of one level does

not influence the other levles. There is an obvious relation between

- 15 -



the vertical decoupling and the modeling stability. That is

Proposition 1

If a model building hierarchy is of vertical decoupling’then it

is of modeling stability.
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4. Conclusion

In this paper we made a system theoretic consideration for
the world model proposed by Mesarovic and Pestel group.
We formulated several problems of the model. They should be clarified
to some extent before we understand the structure of the model.
Technical results of these problems will be reported in the succeeding

paper.
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AEBendix

I Form of Models
When we define a structural stability of the world model, we use
the concept of a form of models. Let M4 be a2 set of models in consideration,
Let
E C Max My
be a similarity relation. A similarity relation is an equivalence re-
lation. Let Y be the quotient set of M4 with respect to £ , that is
Y=Md/E
Then, the equivalence class LI €Y tme Md) is referred to as the form
of the modelyn and Y the set of forms. The similarity relation E is
the most essential for the above definition. In order to illustrate
the concept let us consider the following example. Let Model 1 and Model
2 be represented by the following equations.
Model 13 £(X,y --3Am) = O
Model 2. £(af,s---+odm) = O
where o, € R is a parameter. Then, a similarity relation can be defined
as follows-
£ is similar to £, «> [ = m and (381 R>RYI+.:R>R)
(% and 4&; are one-to-one correspondences and
-&{. (0(1)- <2 n) = ‘ﬁ('&\dl y - &'ﬁ‘x"‘)
holds for any (Cd(y --» dn))]

II Extended topology

The concept of neighbourhoods is also used for the definition of

stability. That concept is topological. In general we cannot expect

—Al -



the standard notion of topology holds for the world model and hence we
have to use a generalized topology. The following is a generalized
concept of neighbourhoods.

Let X and f, be arbitrary sets. Let

Hit X — As
be a mapping called classification mapping where el
Let H =%HalneT?y. For each A €1 let
ELC)(‘X

be such that
(X, x)€E: « H,00 ~Hi(xH
Let X1, = $x') (x, x) eBal
Then,fClJ;(keI§ can be used as a generalized neighbourhood system of
X € X7). If the set of human beings on the world is taken as X,H;

may be race, ideology and others.
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Roberto VACCA - Ttaly

A certain optimism was detectable in Prof. Pestel's
statement to the effect that decision makers at large seem
to be more aware than others (in particular more than
scientists) of the existence and urgency of impending
crises and dangers to associated life and to the planet
in general.

I do not share that optimism and I ask: what is the
sense of having an interactor originate policy and strategy
proposals and solutions, unless the interactor is actually
a decision maker and there may be a certain confidence that
he may be active in implementing the most hopeful proposals
and solutions? In fact the mere singling out of hopeful
proposals and solutions may be argued to represent nothing
more than another form of the "greenhouse approach,"” unless
at least the probability of implementation is also determined.

Decision makers, both in government and in very large
industrial organizations, have not appeared to be too
sensitive to their responsibilities toward the issues raised
by the many predicaments mankind is at present faced by.

On the other hand decision makers are to some extent
sensitive to the eventual pressure of public opinion.

Would it not be appropriate to include in a global model

an analysis on: the existence, the effectiveness and

the evolution of public opinion (and eventually of voting
opinion) on the complicated problems of large systems?

This should also lead to an analysis of cultural trends

and traditions, which may certainly be relevant to decide
future developments (not only eating habits and life

styles) see page 10 of the Mesarovic-Pestel Report for
Salzburg, CRITICAL CHOICES FOR MANKIND: LIMITS TO
INDEPENDENCE) but also: population levels and improvement
of human performance on a large scale). It may be argued,
in fact, that one of the more urgent action items is a
massive cultural upgrading of the cultural and educational
levels of large masses of population in order to achieve:

a more informed and more efficient public opinicn (in
particular capable of exerting an action on decision makers),
and a higher probability of abler and authoritative decision
makers and active interactors coming into existence.








