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PREFACE 

The IIASA Conference '76 was the first General Conference of the 
International Institute For Applied Systems Analysis. It provided a major 
forum for review of the creation, development, research, and future role 
of IIASA. Thus, these procecdings provide a comprehensive report on the 
first three years of the Institute. 

The proceedings appear in two volumes. Volume 1 contains pre- 
sentations, comments. and discussions on the concept of IIASA, its 
creation and research strategy, its studies of global issues (including energy, 
food, and global development), its work on regional issues, the relation- 
ship between analysis and policy-making, and the role of policy analysis 
in an international setting. The invited comments of the National Member 
Organizations on the development of the Institute and on the Conference 
also appear in Volume 1. A list of participants and the table of contents 
for Volume 2 are appended. 

Volume 2 contains presentations. comments, and discussions of the 
research areas: Resources and Environment, Human Settlements and 
Services. Management and Technology, and System and Decision Sciences. 
The table of contents of Volume 1 is appended. 

Each volume contains brief biographies of the authors of presen- 
tations in that volume. 

Recognition is due to the Council of the Institute and the Austrian 
Government for their significant contribution to the development of the 
Institute; to  the participants of the Conference for their support and 
guidance; and to the IIASA staff for the spirit and effort devoted to the 
Conference and the preparation of the proceedings. 
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Welcoming ~ddress~ 

Dr. Bruno Kreisky 

Federal Chancellor of The Republic of Austria 

Ladies and Gentlemen, I do not intend to explain to you 
here today, in my opening address, the significance of the 
International Institute for Applied Systems Analysis. To use 
a Viennese formula, that would be carrying water to the Danube: 
you know more than I about the importance and the tasks of your 
Institute. I am greatly interested in all these questions, but 
very much of a layman. So it seems to me more sensible to turn 
very briefly to questions that, so some believe, I know more 
about. 

Your Institute is a magnificent institution also from a 
political point of view; and while I know of the tendency of 
science to expand frontiers, the fact that scientists of the 
highest standing have found here new ways of cooperation is by 
no means a matter of course. Though not everyone may have been 
fully aware of it, the political preconditions for this had to 
exist first; and as it was possible to create them, the found- 
ing of your Institute in October 1972 was a great event, and 
one of political significance. 

Let us recall here Ambassador Walter Wodak, who contributed 
so much to the realization of this project, and thanks to whose 
efforts the Institute is located in Vienna and Laxenburg. 

The time is long past, I think, when one felt safe if 
scientific activity was shrouded in secrecy, when one believed 
that a higher degree of..safety could be achieved by greater 
secrecy. On the contrary, I believe that precisely because we 
can show how much scientific potential we have at our disposal, 
inconceivably perilous errors can be avoided. 

It is my claim that in world politics the important thing 
is not ignorance of what the others know, of what they can do, 
and of what they have; the important thing is knowledge. Only 
thus can reality-oriented illusion-free politics be pursued, 
and only thus can we act with the full measure of responsibility 
that is needed for solving the great and complex problems of 
world politics. 

t~ranslated from the German. 



I remember very well the surprise throughout the world-- 
including scientific circles in the West--when the first Sputnik 
was successfully launched. This finally stamped as myth the al- 
legation that a great State depended for its scientific develop- 
ment on prisoner-of-war scientists. This erroneous assumption 
was of great political significance. The conviction of one's 
own outstanding technological abilities and the backwardness of 
the other side not infrequently led to false judgments by polit- 
ical commentators and in foreign ministries. 

At the time of Sputnik, I was asked when making a speech--I 
believe it was at the Council on Foreign Relations in New York-- 
how I explained all this, particularly the fact that the United 
States did not have this scientific achievement. At that time I 
thought I should answer the question, from my point of view, in 
a very trivial way: if there had been a market for Sputnik, the 
United States would have had it too. And thus I have also made 
the other point I want to make: that as a rule scientific de- 
velopments take place most rapidly--as you yourselves know best 
--when a pronounced social or political need exists or can be 
created. 

Your program includes a topic with the title "Systems Anal- 
ysis and Policy Making". This shows that you are aware of cor- 
relations between those fields and think it worth stressing. 
Again and again the policy-making aspect appears in your papers, 
simply because this concept is indispensable. 

I should like to say a few more words. I began by stating 
my view that a certain degree of maturity in the policy of 
d6tente had to be reached before this fascinating collaboration 
of so many scholars and so many eminent academies and insti- 
tutes was possible. And I understand that one may ask: was 
there really a crisis in the policy of dgtente, or was Helsinki 
merely chimeric? 

A few days ago, speaking before the delegates of the 
European Parliament in Strasbourg, I expressed my conviction-- 
and tried to prove it--that the policy of dgtente has produced 
real results. 

Ladies and Gentlemen, you have come together in a city that 
25 years ago was a pile of rubble, in a country that in the eyes 
of many had no chance. Today, neutral Austria--on the border 
between the big blocs, right in the center of Europe--is a true 
zone of d6tente. This is the result of the State treaty con- 
cluded 20 years ago, the first decisive, real, and evident act 
of dgtente; and Austria is only one example. The policy of 
detente had other, less spectacular successes; but there were 
also setbacks, and some believed that these lasted too long. 

It is our task not to remain idle, to pursue a genuine pol- 
icy of dgtente on all sides--even if this policy is necessarily 
sometimes controversial. 



And I should like to close with this plea: the power you 
have is greater than most of you probably believe. With what 
you know and what you can do, you can exercise great political 
influence. You must make use of this capability, in the inter- 
est of dgtente. 

I don't like to use the word peace, realizing that in a 
polarized world, as I once remarked, coexistence constitutes 
that measure of peace that can be achieved at present; but 
dgtente, even if less than peace, is still better than war. 

I adhere to the conviction that quantitative developments 
ultimately become qualitative. Institutions such as yours, and 
an ever increasing degree of cooperation, will change the inter- 
national situation. In your work you certainly serve science, 
the economy, and perhaps also the striving for contacts at a 
high level. But believe me: above all you serve peace. 

And this is why we are particularly pleased that you have 
raised your tents here among us. 





Message from the Council of Ministers 

of the USSR? 

The Council of Ministers of the USSR conveys its greetings 
to the participants of the first Conference of the International 
Institute for Applied Systems Analysis. 

Over the short time span that has elapsed since the day of 
its foundation, the Institute has succeeded both in completing 
the initial stage of its establishment and in making a valuable 
contribution to the shaping of a rapidly developing discipline: 
the branch of science dealing with large-scale complex problems 
that have been put on our agenda by the scientific and techno- 
logical revolution. 

The organizational principles of the Institute, where a 
scientific staff from countries with different economic, polit- 
ical, and social systems jointly tackles the topical problems 
of our times, have proved valid. The establishment of the 
Institute was possible due to dgtente, and above all to changes 
for the better in relations on the European continent. The ac- 
tivities of the Institute in turn contribute increasingly to the 
development of a peaceful, mutually beneficial exchange and 
cooperation. 

The participants of this first Conference will scrutinize 
the experience of the early years and outline research directions 
for the future. Global problems--such as those of raw materials 
and energy, the environment, eradication of the most serious 
and widely spread diseases--that the Institute deals with in one 
way or another are having and will continue to have their impact 
on the life of every nation and on the whole system of inter- 
national relations. 

The Council of Ministers of the USSR wishes the Institute 
success in its fruitful work to further the international co- 
operation of scientists for peace and progress. 

 ransl slated from the Russian; transmitted by Academician 
Yu. A. Ovchinnikov. 





Message from the US Secretary of State t 

On the occasion of your meeting and in honor of the third 
anniversary of IIASA, I wish to convey my greetings to the 
Council. 

We have noted with pride that IIASA has made great strides 
in fulfilling its promise as a unique international organization, 
where cooperation between our nations is expressed by our scien- 
tists actually working together toward solution of critical prob- 
lems facing mankind. The collaborative international spirit 
which characterizes IIASAts efforts is heartening and essential. 
The considerable scientific achievement of the first few years 
is impressive. 

While IIASA has progressed even more rapidly than we would 
have hoped, so, too, have major global problems become more 
evident. In congratulating your achievement, may I also encour- 
age you to work even more intensely on the programs before you. 
Whether it be in energy systems or water resources, food con- 
siderations or regional development, IIASAts scientific effort 
is important not only for our own communities but for the entire 
world. 

I wish you continued success. 

(signed) Henry A. Kissinger 

t~onveyed to the IIASA Council in November 1975 on the 
occasion of the third anniversary of the Institute. 





INTRODUCTION TO THE INSTITUTE 





The Concept of IIASA 

J. Gvishiani 

Slightly more than three years have elapsed since the day 
in London when representatives of 12 countries signed the docu- 
ment authorizing the establishment of the International Institute 
for Applied Systems Analysis. All of us, representatives of 
different continents and socio-economic systems, were brought 
to this act by a common desire to use the potentials of interna- 
tional scientific cooperation to explore new types of problems 
faced by humanity, in the era of scientific and technological 
revolution and rapid social changes. 

Having assembled today for the first Conference, in con- 
formity with the Charter of the Institute, we can say with con- 
fidence that the noble initiative of the founding members has 
been fruitful. It has brought together the efforts, experience, 
and knowledge of numerous scientists and created a genuinely 
international scientific community. Our hopes are being justi- 
fied, our opportunities are increasing, our first accomplish- 
ments give grounds for believing in future successes. 

Having the honor of welcoming today so many distinguished 
scientists, experts, and representatives of political and busi- 
ness circles, I recall the time when there was nothing but good- 
will and a vague idea of what could and should be done. It took 
time and effort for that idea to mature and become shaped into 
a preliminary concept of the Institute. I think we have been 
particularly lucky in that those who were involved in the crea- 
tion of the Institute from the very inception of this idea were 
people who strongly believed in the necessity for international 
cooperation of scientists. 

Among those who have made great personal contributions to 
developing the conception of the Institute, who have been dedi- 
cated to it, advocated it, and helped to establish it, we must 
mention Dr. McGeorge Bundy, Professor Handler, Lord Zuckerman, 
Dr. Aurelio Peccei, Professor Raiffa, Academician Koziolek, 
Academician Smolensky, Professor Levy, Dr. Vasko, the late 
Professor Letov, and other prominent people shared in the forma- 
tion and development of the Institute. 

It has also been significant that the concept of IIASA in 
considerable part was elaborated on the hospitable soil of 
Austria. Well before its formal creation, the founders of the 
Institute were in contact with the Austrian authorities and 
enjoyed their support and assistance through all the stages of 



its evolution. A number of preparatory meetings took place in 
Austria, and it was here in Vienna that the image of the future 
Institute took more definite shape and the principal clauses of 
the Charter were worked out and drafted. 

His Excellency Dr. Kirchschlager, His Excellency Dr. 
Kreisky, Minister Dr. Firnberg, and other prominent Austrian 
statesmen--among whom I must mention the late Secretary-General, 
Dr. Wodak--not only welcomed the idea of creating the Institute, 
but generously proposed to set up its headquarters in this friend- 
ly country. And now the historical Palace of Laxenburg provides 
IIASA with perfect conditions for creative work. The Institute's 
truly friendly and constructive relations with the Ministry of 
Foreign Affairs, the Ministry of Science, the Austrian Academy 
of Sciences, the City of Vienna, the Province of Lower Austria, 
and other Austrian organizations assure the solution of any 
problem that arises. 

Using this opportunity, I would like to express our grati- 
tude to the Government of Austria for taking heed of the 
Institute's needs. Our indebtedness is expressed not only by the 
Institute itself, but also by the members of the Institute and 
by the countries that recognize Austria's contribution to this 
important joint venture. 

Speaking of the formation of IIASA, and particularly the 
practical implementation of this concept, we must especially 
stress the role of our first Director, Professor Howard Raiffa, 
who has made an outstanding contribution to the creation and 
development of the Institute and the advancement of its objec- 
tives. I think he himself expressed very clearly what was and 
is his standpoint. In his farewell address at the Council meet- 
ing in November 1975, he stated: "If IIASA had not been created 
in 1972, I think we would all be strong advocates of its crea- 
tion today." 

The fundamental principles on which the Institute is built 
are stated in the preamble of the IIASA Charter. It declares 
that the establishing of the Institute stems from the common 
realization by the founding members that: 

... the spread and intensification of industry through the 
continued application of science and technology generates 
problems of an increasingly complex nature in modern socie- 
ties. . . 

and that 

present methods of investigation and analysis should be 
substantially improved to make them more adequate to pre- 
dict, evaluate and manage the social and other repercussions 
of scientific and technological development .... 

The Charter stipulates further that: 



... this aim can best be achieved through international co- 
operation in the development and application of methods of 
investigation and analysis which shall make use of computer 
technology, systems analysis methodology and modern manage- 
ment principles ... 
... science and technology, if wisely directed, can benefit 
all mankind, ...[ and] international cooperation between 
national institutions promotes cooperation between nations 
and thus the economic and social progress of peoples .... 
There is probably no better way of expressing in a few sen- 

tences the principal tenets of the Institute that were present 
in the minds of the founders when the Charter was signed. 

Today they are not just concepts in our minds. Though on a 
modest scale, they have been tested and verified by IIASA ex- 
perience. And we are much more confident now that in our compli- 
cated world, with our increasing interdependence, scientists rep- 
resenting different disciplines, cultures, and ideologies, by 
working together, can better identify and analyze the nature of 
complex problems humanity is facing today and will face in the 
future. 

The objective necessity for organizations like IIASA is 
ultimately defined by certain prerequisites that reflect spe- 
cific development trends of the modern world. Because of the 
rapidly growing social role of science and its influence on all 
spheres of social life, scientific and technological develop- 
ment is accompanied by profound changes in science, technology, 
and production. The fast growth in the rate of social development, 
the ever increasing impact of man on his natural habitat, the 
positive and negative consequences of scientific and technological 
progress--these are facts that are becoming more and more evident. 
The scale of production and its unprecedented role in the life 
of society, its potentials for the welfare of people as well as 
the contradictions it generates, give rise to wholly new prob- 
lems that create justified concern all over the world about the 
further development of human society. 

The essence of scientific and technological revolution can- 
not be explained only by a number of scientific discoveries, no 
matter how great they are. Its nature is a qualitative trans- 
formation of the whole technological basis of production: from 
utilization of raw materials, energy resources, the systems of 
machines, forms of organization and management, to the role of 
man in the production process. Scientific and technological 
revolution creates the prerequisites for unification into one 
system of such main forms of human activities as: 

S c i e n c e  - theoretical cognition of the laws governing nature 
and society; 

T e c h n o l o g y  - the complex of material means and experience 
for transformation of nature: 



Production - the process of creation of material wealth; 
Management - means of rational integration of expedient 
practical actions in achieving production and other goals. 

The need for scientific management of development not only 
at the enterprise level, but also on a national and global scale, 
is becoming ever more evident under the impact of the problems 
that accompany scientific and technological progress. Tasks 
such as prevention of pollution of the biosphere and rational 
utilization of natural resources can be solved only by reason- 
able organization and management of all economic activities and 
by appropriate forecasting of the direct and indirect implica- 
tions of the decisions made. 

In the course of development of science, specialization and 
cooperation in scientific research acquire ever greater signifi- 
cance as indispensable conditions for its further progress. Pro- 
gressive scientists everywhere are well aware that science and 
technology can develop efficiently only in the context oZ broad 
cooperation, with an exchange of information and experience, and 
with direct contacts among scientists and specialists. 

Science has always been international, and any new discovery 
was inevitably based on results obtained by predecessors, no 
matter what part of the world they came from. The scale and com- 
plexity of modern research, the urgency of certain problems that 
need to be solved for the benefit of humanity, more than ever call 
for international cooperation. Unfortunately, there are still 
people who oppose this. I think that those who advocate limita- 
tion of cooperation do not understand the essence and distinguish- 
ing features of modern science. 

During the last half-century, in which research has achieved 
an unprecedented scale and acquired a great variety of forms, co- 
operation in science has acquired special significance. It 
allows the advantages of an international division of labor to be 
used for the benefit of each country. On the other hand, it is 
important to stress another, broader aspect of these international 
links. 

Numerous scientific problems nowadays are of global nature, 
and their solution is relevant to all nations. For research on 
such problems, requiring a lot of material and human resources, 
international scientific cooperation is not only the most suitable 
approach, but also an effective means of expanding the sclentiflc 
potential of each cooperating country and an important condition 
for finding solutions. Scientific and technological cooperation 
serves two main purposes: through the international division of 
labor, it enables each country to apply world achievements of 
universal value for its own needs; and it unites the efforts of 
scientists from different countries for solving common global 
issues. 



Many modern problems are characterized by tne fact that their 
solution can be found only within the context ot our entire 
planet's development. We are aware that many regions of the world 
suffer trom poverty, starvation, economic backwardness, and social 
injustice. Truly scientific analysis ot problems of tne develop- 
ment ot human society and the tuture of our planet cannot be 
achieved if these and other important issues are not taken into 
account. 

Recognizing the need for solving problems is not sufficient; 
a necessary condition is the growing relaxation or international 
tension. 

Peacetul coexistence and cooperation, or detente, if you 
like, is becoming a constant factor shaping the relations between 
ditferent socio-economic systems. It creates favorable conditions 
for growing cooperation in science and technology, which is be- 
coming a vital component of international relations. Conversely, 
detente is strengthened and enhanced by intensifled economic, 
scientific, technological, and cultural cooperation of states 
with different social systems. 

Thus, we have a case of dialectic interdependence. Coopera- 
tion does not only reflect the materiaiization of dgtente, but 
also, in its turn, promotes improvement of the world political 
climate. 

In the Final Act of the Conference on Security and Coopera- 
tion in Europe, the member countries expressed their confidence 
that scientific and technological cooperation makes an Important 
contribution to the strengthening of ties among them, and thereby 
promotes the effective solution of problems of common concern 
and an improvement In the conditions of human life. 

Undoubtedly, there still are some who oppose d&tente, who 
would risk dragglng humanity into a confrontation perhaps in- 
volving nuclear war. If we have learned to realize the danger of 
ecological catastrophe and admit the urgency of concrete steps in 
environmental protection, we should be still more realistic about 
the danger of war, and work towards making dgtente an irreversible 
process. 

What is the place of IIASA among all these important factors 
and interrelationships? 

The creation of lIASA signifies the birth of a new and more 
advanced form of international cooperation. It became possible 
owing to major changes in the world, the broadening scope of bi- 
lateral and multilateral cooperation among countries, the improve- 
ment in political climate. The very existence of IIASA vividly 
Illustrates that it is possible to create an international in- 
stitution where scientists from East and West investigate prob- 
lems of extreme importance to humanity. 



Considerable intellectual and material resources are required 
to deal with problems that are new in both nature and scale: raw 
materials and energy, food and agriculture, environmental manage- 
ment, urban systems, biomedical problems, integrated regional 
development, long-term forecasting and planning, and others. 
Scientitic and technological progress provides a basis for im- 
proving existing methods and developing new ones to cope wlth 
these problems. This basls, to a large extent, consists in ad- 
vances of analytical techniques--operations research, mathematical 
programming, computer applications, and systems analysis meth- 
odologies--generally aefined as systems analysis, the systems 
approach, or systems methodology. Systems analysis is not only 
a quantitative but also a qualitative means for ensuring better 
identification, structuring and solving of problems with available 
resources. It can be regarded as the most suitable tool for this 
purpose, bringing together knowledge and experience from different 
fielas of science and thus resolving complex universal and global 
problems. 

The creation of IIASA has met the great aspiration of its 
founders to see world development as a goal-oriented, harmonious, 
and structured but innovative process that takes into account the 
world's potentials as well as its limits and constraints. These 
are still far from being fully understood, farther still from 
being managed. So it is our task to learn more about the poten- 
tials and limitations and all the numerous and complex interrela- 
tionships and interdependencies of its parts. This can be done 
only by pooling all the available intellectual, scientific and 
analytical resources, which call for a well-structured and cre- 
ative mechanism of international cooperation. 

IIASA should be lookea upon as an essential part of this 
mechanism. Its international character permits the accumulation 
of scientiric achievements of many countries for conducting 
multilateral comparison and assessment of results, and for sys- 
tematizing the available knowledge, a basis for national meth- 
odological and applied research. Leading experts in various 
tields have been invited to the Institute to work together on 
problems of mutual interest on a long-term basis. All the scien- 
tists have equal working conditions; they come to work in "their 
own" Institute. Their joint activity in the historical walls of 
the ancient Schloss will result, no doubt, in a unified multi- 
lateral approach to the analysis of major world problems. 

Speaking of the importance of the research conducted at IIASA, 
it must be noted that this work cannot be done successfully un- 
less other organizations give it their active support. IIASA's 
small staff is not capable of dealing independently with such 
a wide range of objectives. A necessary condition for the 
Institute's effectiveness is cooperation with other organizations 
in all the various forms such cooperation can take. If the 
research of the Institute teams is supported by that of national 
teams, this will have a multiplying effect rather than one of 
simple summation. The final aim of building up cooperative 



links is to establish a network in institutions jointly working 
on problems of systems analysis. As we will see from the pre- 
sentations of the next three days, an impressive network exists, 
and this is very encouraging. 

One of IIASA's major objectives is defining urgent world 
problems that can be solved with the help of various scientific 
disciplines. The Institute, in its methodological research, 
must not overlook the practical applicability of its findings in 
real life. 

These concerns are receiving great attention by the Insti- 
tute sponsors and staff, by its founders and supporters. We are 
trying to make research more relevant to the practical needs of 
society, and to disseminate and apply useful results of research 
more rapidly, making them understandable for public and decision- 
making bodies. It is witnin this context that we attribute 
special importance to this Conference. 

The rounding of the Institute gave rise to the creation of 
committees and other bodies on systems analysis applications in 
a number of countries with the purpose or ensuring increasing 
use of systems techniques for solving national problems. We 
are very glad that this is happening, since it answers the other 
aspiration of the Institute's founders: to have the Institute 
play a catalytic role in promoting relevant national studies. 
Establishing an international institute was a timely action that 
reflected the striving of many countries to join their efforts in 
solving urgent development problems. The fact that a number of 
topics in IIASA's research program coincide with those singled 
out in the Flnal Act of the Conference on Cooperation and Security 
in Europe as areas of cooperation in the fields of science, tech- 
nology and the environment attests to the timeliness of IIASA's 
work. 

The first results of the Institute's basic and applied studies 
contribute to accumulating experience in solving complex economic, 
scientific, and technological problems of a universal and global 
nature. The Institute is trying to play its role in elaborating 
valld methods tor tackling these problems. The fact is that the 
systems approach, general systems theory, and systems analysis 
have not yet become generally accepted scientific disciplines; 
and the knowledge gathered needs to be better systematized and 
defined. Cooperation in developing the methods and techniques 
of systems analysis will to a great extent prevent duplication of 
efforts of various countries. 

Certain accomplishments of the Institute over the first 
three years ot its existence offer the hope that it will justify 
it reputation as an institution capable of applying comprehensive 
means of analysis to the study of major problems of world develop- 
ment. 



One more important aspect needs to be stressed. Here at 
IlASA we actually have an instrument ot permanent cooperation 
by the Academies of Sciences and similar institutions of 14 coun- 
tries. The number of members of this international network will 
gradually grow for tnis reason, and because tne Institute can 
undertake a wide range of studies requiring concentration of 
efforts, a multinational view, and broad expertise, IIASA might 
play an active role in furthering and deepening cooperation 
among our Academies. 

And finally I would like to say that the main accomplishment 
of the past three years is not only scientific advance--the greater 
part of the work lies ahead--but also the scientific team that 
has been shaped, and the spirlt ot cooperation that reigns at 
1IASA. It would not be an exaggeration to say that at IIASA our 
new potentials are manifest: the eftective collaboration ot 
scientists from many countries ana of many disciplines, the 
strivlng for mutual understanaing, the unbiased exchange of ex- 
perience and knowledge; goodwill, mutual respect and assistance. 
This "spirit of IIASA" is one ot our malor achievements and the 
basis for future successes ot all the key projects and programs. 
Therefore our main oblective is to maintain the IIASA spirlt, 
develop and strengthen its traditions, and pursue the noble and 
peaceful purposes for which IIASA was created. 



f i o n  

H.  R a i f f a  

I t  i s  hard  f o r  m e  t o  r e a l i z e  t h a t  it was j u s t  a l i t t l e  o v e r  
t h r e e  and a h a l f  y e a r s  ago t h a t  I came t o  A u s t r i a  from London w i t h  
a copy o f  o u r  C h a r t e r  i n  o r d e r  t o  s t a r t  an I n s t i t u t e .  My f i r s t  
speech  i n  A u s t r i a  was i n  t h e  second week o f  October  1972  t o  t h e  
A u s t r i a n  Academy o f  Sc i ences ,  and I opened it w i t h  t h e  ph ra se  I 
have r e p e a t e d  many t i m e s  s i n c e :  "Es f r e u t  mich s e h r ,  h i e r  zu 
s e i n  und S i e  kennenzulernen."  ( " I  am happy t o  b e  h e r e  and t o  
m e e t  you.")  W e l l ,  h e r e  today I a l s o  s a y ,  "Es f r e u t  mich s e h r ,  
h i e r  zu s e i n . "  

I t ' s  wonder fu l  t o  be  back i n  Vienna c e l e b r a t i n g  t h e  good 
h e a l t h  and growth o f  IIASA. I t  i s  always a cause  o f  wonderment 
t o  r e a l i z e  t h a t  t h e  dreams o f  a few can be  o f  b e n e f i t  t o  t h e  many. 
By which I mean t o  pay t r i b u t e  t o  t h e  founde r s  of  t h e  I n s t i t u t e  
and t h e i r  suppo r t i ng  o r g a n i z a t i o n s ;  t h o s e  who had t h e  f o r e s i g h t  
t o  dream, and p l a n ,  and b r i n g  i n t o  be ing  t h e  i d e a  o f  an Eas t -  
W e s t  c e n t e r  f o r  t h e  r e s e a r c h  o f  problems s i g n i f i c a n t  t o  mankind. 

I n  s e t t i n g  o u t  t o  w r i t e  t h i s  speech  I sea rched  f o r  some 
opening  words o f  wisdom. I found some p h r a s e s  from A l b e r t  E i n s t e i n  
t h a t  seemed t o  d e s c r i b e  IIASA's g o a l s .  H e  s a i d ,  "Concern f o r  man 
h imse l f  and h i s  f a t e  must a lways form t h e  c h i e f  i n t e r e s t  o f  a l l  
t e c h n i c a l  endeavors . . . so  t h a t  t h e  c r e a t i o n s  o f  o u r  mind s h a l l  be  
a b l e s s i n g  and n o t  a c u r s e  t o  mankind." H e  concluded,  "We shou ld  
neve r  f o r g e t  t h i s  even i n  t h e  mids t  o f  o u r  diagrams and equa t ions . "  

The preamble t o  o u r  C h a r t e r  a l s o  s t a t e d  t h i s  theme: "Sc i ence  
and technology ,  i f  w i s e l y  d i r e c t e d ,  can b e n e f i t  a l l  mankind, ... 
i n t e r n a t i o n a l  coope ra t i on  between n a t i o n a l  i n s t i t u t i o n s  can  pro- 
mote c o o p e r a t i o n  between n a t i o n s  and improve t h e  economic and 
s o c i a l  p r o g r e s s  o f  peoples . ' '  

With my p e r s p e c t i v e  o f  e i g h t  y e a r s  o f  involvement  i n  IIASA's 
a c t i v i t i e s ,  I b e l i e v e  t h a t  w e  have remained f a i t h f u l  t o  t h e s e  
i d e a l i s t i c  and nob le  a s p i r a t i o n s .  

I have o f t e n  been asked ,  "How does  one s t a r t  such  an  I n s t i -  
t u t e ?  What is t h e  formula f o r  such a n  undertaking? ' '  W e l l ,  f i r s t  
you have t o  f i n d  a Bundy and a Gv i sh i an i .  No, t h e r e  i s  something 
even b e f o r e  t h a t .  One must s t a r t  w i t h  an  i dea :  a good i d e a :  
an i n s p i r a t i o n a l  i d e a  is  even b e t t e r .  Next one must f i n d  men and 
women o f  goodwi l l  and i n f l u e n c e  who g r a s p  t h e  r e a l  e s s e n c e  o f  
t h e  i d e a  and can  run  a d r o i t l y  w i th  it. T h i s  w e  had i n  abundance; 
and we had it a c r o s s  n a t i o n a l  bounda r i e s ,  i d e o l o g i e s ,  and s c i e n -  
t i f i c  d i s c i p l i n e s .  



Flexibility, compromise, humor, and earnest determination 
about the undertaking also distinguished IIASA's founding members. 
A willingness to give a little on national pride here, and on 
semantic clarity there, and the Charter was, without too much 
pain, achieved. 

Many remarkable compromises were made before our founding 
in 1972. Driven by an idealistic desire for scientific cooper- 
ation, the founders of IIASA deftly sidestepped some difficult 
political obstacles. For greater freedom of action, they de- 
cided that IIASA would become international but officially non- 
governmental. It would be supported, de jure, not by govern- 
ments but by academies of sciences or similarly prestigious 
institutions. As far back as 1968 the founders creatively put 
major political differences aside in order to achieve what they 
all felt was a desirable goal: international scientific cooper- 
at ion. 

There were literally hundreds of little issues that they 
could have stumbled over in the drafting of our Charter. But 
there was a burning desire on the part of our founding members 
not to stumble, and they found the necessary compromises. There 
is no ex ante formula one can write down about how negotiations 
of this kind should be carried on. As a student of game theory, 
however, interested in bargaining and negotiation, I learned a 
basic truth from observing these negotiations: a spirit of good- 
will is the key to compromise. Sure, you can push hard and win 
a little point here or there by being adamant; but the really 
big breakthroughs come when the atmosphere is cordial and the 
other fellow knows that you empathize with his problems. I think 
that spirit of cooperation, so manifestly present in those last- 
minute negotiations in the early autumn of '72, has not really 
diminished. In fact, in innumerable small ways I think the de- 
sire for real, meaningful cooperation at IIASA has grown. 

All right, so you want to create an international research 
institute. Fine. But: 

- What are you going to do there? 

- Who will do it? 

- Why will they do it? 

- Can you get good people to come? For how long? 

- What will be the mixture of applied and methodological 
research? 

- What about laboratories? A library? Computers? 

- Where is it going to be? 

- Who will pay the bills? 



- Who a r e  your c l i e n t s ?  

- Whom a r e  you going t o  t r y  t o  i n f luence?  

- How can you s u s t a i n  i n t e r e s t  a f t e r  t h e  honeymoon is over?  

- How w i l l  you r e s o l v e  i n t e r n a l  c o n f l i c t s ?  

- What language a r e  you going t o  speak? 

- How w i l l  you achieve  q u a l i t y  c o n t r o l ?  W i l l  you t r y ?  

- What about  geographica l  ba lance?  

- W i l l  you have n a t i o n a l  quotas?  

- How a r e  you going t o  g e t  t h e  mathematicians t o  speak t o  
t h e  behav io ra l  s c i e n t i s t s ?  

- Are you going t o  be p o l i t i c a l l y  r e l e v a n t ?  

- Are you bypassing t h e  United Nations? 

- Is t h i s  going t o  be a  r i c h  man's c lub?  

- What a r e  you going t o  do about  t h e  Club of Rome? 

- What about  members from t h e  developing c o u n t r i e s ?  

The l i s t  of t h e s e  easy ques t ions  goes on and on. The r e a l l y  
tough q u e s t i o n s  a r e  a  b i t  d i f f e r e n t :  

- Should X from count ry  Q g e t  more money than  Y from 
count ry  R? 

- Who should g e t  t h e  o f f i c e  w i t h  t h e  view? 

- Should X g e t  more s e c r e t a r i a l  he lp  than  Y j u s t  because he  
is more product ive?  Who says  he is more product ive?  

- Should s c i e n t i s t s  be asked t o  wear j a c k e t s  when r e c e i v i n g  
f o r e i g n  d i g n i t a r i e s ?  How about  shoes i n  t h e  d in ing  room? 

- Should c o f f e e  be f r e e ?  

I t  i s  more a p p r o p r i a t e  on t h i s  augus t  occas ion  t o  s ay  some- 
t h i n g  about  t h e  f i r s t  c l a s s  of ques t ions- - the  easy  ones.  But 
s i n c e  t h e r e  a r e  s o  many ques t ions  and s i n c e  they  a r e  s o  ob- 
v i o u s l y  i n t e r r e l a t e d ,  I would l i k e  t o  sha re  wi th  you some of  t h e  
guid ing  p r i n c i p l e s  t h a t  t h e  Council members and I used t o  shape 
t h i s  I n s t i t u t e .  

F i r s t  of  a l l  IIASA is a  unique i n t e r n a t i o n a l  experiment. 
There a r e  no s i m i l a r  models. I t  i s  impor tant  both  s c i e n t i f i c a l l y  



and politically that IIASA succeed in its mission. There are 
other multidisciplinary institutes, and other international 
institutes; but there are no other scholarly institutes jointly 
conceived, jointly managed, and jointly manned by representatives 
from the socialist countries of Eastern Europe and the countries 
of Western Europe, the United States, Canada, and Japan. Our 
source of strength, our comparative advantage, and our distinc- 
tiveness come from our East-West coalition. 

It is on the basis of these observations that I believe 
that no significant, long-range project of IIASA should be sup- 
ported without deep involvement and commitment by both East and 
West. Of course, modest research tasks can be spawned and de- 
veloped by one group or another, but ultimately these efforts 
should gather widespread interest in order to justify their 
continuing support at IIASA. 

It is no secret that there are strains between East and 
West. It has been so in the past; it is so today; and we expect 
it will be so in the future. But our world is too interdependent 
and too volatile a place for us not to cooperate with one another 
while we compete. There can be differences--fundamental differ- 
ences--but still in this non-zero-sum world of ours there are 
areas for joint cooperation with joint gains for all. IIASA has 
a mission to keep its doors open, so that scientists who have 
a broad vision of tomorrow's world can communicate with each 
other. We cannot afford to let these doors shut tightly because 
of some ephemeral problems. IIASA's continued existence is of 
paramount importance. In fact, if IIASA did not exist today, 
many of us would propose that it should be created. 

Because of IIASA's importance and because of its politically 
precarious existence, we have to be realists. We do not want 
to get involved prematurely in politically sensitive arenas. My 
emphasis is on the word prematurely because I believe that, in 
the long run, IIASA will have to justify its existence by making 
substantial contributions to real problems--which, alas, are 
usually politically sensitive ones. And if some progress is to 
be made in the long run, the time to start building up experience 
is now--not necessarily by plunging all at once into turbulent 
waters, but at least by getting our toes wet. And as with all 
good adaptive mechanisms, if the experience is painful, we must 
withdraw only to try once again from some other vantage point. 

Although IIASA was started with just a dozen National Member 
Organizations (NMOS), our Charter is clear that the benefits of 
our work should be of potential significance to all mankind. 
In its last annual meeting in November 1975 the Council encour- 
aged the Director to seek outstanding scholars from the develop- 
ing countries, and I understand that this desire will become 
a reality in 1976. Also new NMOS will join our ranks. But the 
aim is for an orderly increase. Care must be taken that IIASA 
remain a scholarly, research-oriented institution and that we 
not become a pawn in international polemics. 



It was a welcome and complete surprise to me how well we 
are now received in the family of United Nations agencies. This 
warm cooperative feeling was not always present; there was 
considerable distrust of IIASA at first. But the UN agencies 
realized that we were sincere in our desire to undertake truly 
collaborative research projects with them, and that IIASA, as a 
scholarly Institute with ties to research establishments of 
both East and West, has some comparative advantages. It should 
be our continuing policy to nurture these good relations. 

There was a general consensus way back in '68 that this 
Institute, if it were ever to be created, should work on signif- 
icant applied problems from an integrative, holistic, systems 
orientation. This meant bringing together teams of scientists 
from different disciplines and different ideologies. While 
many universities around the world employ physical scientists, 
biological scientists, behavioral scientists, applied mathema- 
ticians, lawyers, and management specialists, they very rarely 
work together on significant enterprises. IIASA's ambition was, 
and is, more focused: we want to do applied systems analysis, 
which roughly means to do systematic analysis of applied prob- 
lems...from an integrative perspective ... with interdisciplinary 
teams; and since we are an international Institute, we want to 
do this applied research with a team of players from different 
cultures and ideologies. 

These rather vague words having been said, you must realize 
that the menu of possible research topics for IIASA is vast; 
but IIASA's financial resources are limited--too limited, in my 
opinion. Therefore, it was felt from the start that in com- 
parison to the needs, IIASA could do no really significant amount 
of research with its own scientists located in a central place. 
It would have to seek some multiplier effect. We decided there- 
fore that, starting from a firm research base of its own, IIASA 
should try to establish, and partially orchestrate, a decentral- 
ized but coordinated research program that would draw upon the 
vast research potential within the countries of our NMOS. This 
would mean, for example, that while IIASA would do in-house 
energy systems research, it would also work closely on similar 
problems with outside institutions and scientists from both East 
and West. 

Easier said than done. In order to get sincere, meaningful 
cooperation with external groups, our internal group of re- 
searchers has to command the respect of outside groups. So the 
logic of these observations leads me to my next topic: how does 
one get a good in-house research effort going? 

Overwhelmingly, my answer is: by getting good people! And 
how does one get good people? Well, first by having a good re- 
search effort going; second, by recruiting like mad; and third, 
by making IIASA an intellectually exciting and stimulating 
place to be. 



Let me amplify a bit. You need good people to get a good 
program and a good program to get good people. But if you re- 
cruit hard enough, some idealistic, brave, and trusting souls-- 
like Professors Hafele, Letov, Dantzig, Rosanov, Koopmans, 
Aganbegyan, Holling, Knop, and Kaczmarek--will come to start good 
programs. Effective recruiting is the key ingredient in deter- 
mining IIASA's quality and quantity of output ... and thereby its 
acceptance in outside circles. 

Good researchers are in demand everywhere. They are not 
coming to IIASA for long-term careers, and they are not going to 
keep coming, even for one or two years, unless they and their 
families are happy with their total experience at IIASA and in 
Austria. This means that IIASA has to create a scholarly and 
intellectually stimulating institution; that it has to cater to 
the just concerns of its scholars and staff; that it must provide 
an atmosphere which encourages productivity and is at the same 
time friendly and non-hierarchical, where social amenities are 
not forgotten. It should be a place where scholars can occasion- 
ally be seen working all night and on weekends; where the staff 
is called upon to work overtime if need be; but also it should 
be a place where there are spontaneous parties and festivities, 
and where children and spouses feel welcome. In short, scholar- 
ship a n d  skiing; hard work and  Heurigen; a productive and ex- 
citing stay for the whole family. 

Edith Wharton, an American novelist, seemed to be describing 
IIASA's modus operandi when she wrote, "There are two ways of 
spreading light: to be the candle, or the mirror that reflects 
it.'' In just this way IIASA's mission is not only to do research 
by itself, and in collaboration with others, but also to be a 
coordinator, synthesizer, and disseminator of work done exclu- 
sively by others. IIASA has in the past, and will continue in 
the future, to plan, organize, host, and publish proceedings of 
international conferences on important subjects of applied systems 
analysis. But to go back to Mrs. Wharton's imagery: how bright- 
ly d o e s  IIASA's candle shine today--three and a half years after 
its birth? How well does the Institute reflect the ideas and 
the progressive research in the world about us? These are some 
of the questions of evaluation this Conference will address. 
Further, 

- What of IIASA's accomplishments and plans to function 
as a catalyst for the initiation, dissemination, ex- 
change, and critique of concepts in systems analysis? 

- What can IIASA do to bridge the gap between scientists 
and decision makers? 

- How can IIASA contribute to the education of the expert 
and the interested non-expert? 

- How can IIASA make the non-expert aware of the dangers 
inherent in considering complex global problems in 
fractional parts isolated from each other? 



In 1972 no one could tell us how a non-governmental insti- 
tute should go about performing and implementing analysis of 
world problems. We had to decide what topics to explore, how 
we would approach them, and what skills we would need. As I 
said before, there was no blueprint for IIASA. 

When we discussed topics for research with the Council, 
there was no clear consensus about which to pursue. There was 
no shortage of critical problems--energy, food, environment, 
for instance--that IIASA could profitably have studied, but the 
NMOS placed different priorities on them. We had no way to 
gauge which of them to tackle first or on which issues IIASA 
might have greatest impact. We did not know which scientists 
or what caliber of scientists we would be able to attract to a 
brand new institute. 

We decided to begin with nine activities experimentally. 
Six of them were applied, three were supporting projects. The 
applied projects were: Biomedical, Ecology/Environment, Energy 
Systems, Industrial Systems, Urban and Regional Systems, and 
Water Resources. The supporting projects were: Methodology, 
Design and Management of Large Organizations, and Computer 
Science. 

We have experimented in a difficult arena. It is extra- 
ordinarily difficult to do interdisciplinary work, especially 
when teams comprise researchers from vastly different educational 
and cultural backgrounds. It was hard for me, for one, to pre- 
dict ex ante which projects would work and which would not. I had 
my own prior favorites, but I was wrong about some. We had to 
start with a portfolio of topics in order to get agreement. In 
three years we learned what we probably could or could not do. 
We learned that we must exploit our comparative advantages. 

First, IIASA is ideally suited to examine problems from an 
integrative, comprehensive viewpoint. Second, it bridges bor- 
ders between different societies and nations. Many world prob- 
lems--food, population, global environment, energy--require 
the constructive inputs of all nations. One country or group 
of countries cannot, by itself, solve these interdependent global 
problems. IIASA should strive to concentrate its efforts on 
those problems where an interdisciplinary team from East and West 
can have its biggest payoff. IIASA should concentrate, I believe, 
on problems where it can build up a sense of trust. In this en- 
deavor, we must work amicably together and demonstrate to the 
world that scientific cooperation is desirable and feasible. 

In 1968 we did not know whether organizational hurdles 
could be surmounted to found IIASA; in 1968, we did not know 
whether good scientists could be induced to come to IIASA; in 
1968, we did not know whether good scientists at IIASA could 
overcome the barriers of nationality and professional discipline 
to collaborate on worthy research. In 1975, IIASA has been 



founded, outstanding scientists have come and have cooperated 
in ways that exceed our prior hopes. Many of the Council members 
will recall that only four years ago one of IIASA's founders 
predicted that there would be no working scientists in Laxenburg 
before 1 9 7 6  at the earliest. By the end of 1 9 7 5  many fine 
scientists had been working in Laxenburg for two full years. Out- 
siders and insiders alike were astonished that by the autumn 
of 1 9 7 3  we already had a scientific program under way. In large 
part, this was due to a series of fortunate circumstances that 
made possible the rapid recruitment of many scientists. I must 
confess that I was among those surprised by our speed in 
launching a research program. The energy of our project leaders, 
and the positive actions taken by the Council and its Committees 
in the first half of 1 9 7 3 ,  deserve much of the credit for this 
feat. 

There were many people in those early stages who should 
share the credit, but I would be remiss if I did not personally 
single out just a handful of my very closest associates: I shall 
not forget the charm, spirit, and goodwill of the late Alex 
Letov, our first Deputy Director; the scientific drive, inspira- 
tion, and commitment of Wolf ~afele; the organizational and 
managerial skills of Andrei Bykov; and the sage cousel I received 
from my close friend from the GDR, Konrad Grote. 

Next I would like to thank Mr. Bundy for getting me involved 
in IIASA affairs; President Handler for talking me into becoming 
the first Director; Dr. Gvishiani for making my life so pleasant 
and productive while I was Director; and finally, Dr. Roger Levien 
for letting me retire with the peace of mind that things would 
get better and better. 

Finally, I would like to say something about our host 
country Austria. Austria as a neutral State is symbolically the 
right place for an Institute that brings together scholars from 
East and West. Many of us worried at first that we would be 
isolated in the small quiet village of Laxenburg, but this has 
not proven to be the case. IIASA is now well enough recognized 
that a steady stream of stimulating researchers visit Laxenburg 
and there is no sense of intellectual isolation. And the Schloss 
with its surroundings is a magnificent place in which to work. 

But what is far more important than the beauty of the site is 
the attitude of the Austrian authorities. President ~irchschlager 
and Chancellor Kreisky not only know about IIASA but take a per- 
sonal interest in our welfare. Frau Minister Firnberg is also 
a stalwart and effective supporter. The Austrian Academy of 
Sciences, through former President Schmidt and then President 
Hunger, has continued to be an effective collaborator. Our ear- 
lier official contact with the Austrian government was through 
the late Secretary-General Walter Wodak who was a true friend 
of IIASA. He was instrumental in getting IIASA to come to Austria, 
and he saw to it that once we were here we would remain pleased 
with our choice. His dear wife Frau Dr. Wodak--Erna to her many 



friends--completed many of the tasks her husband initiated. She 
more than anyone else is responsible for our productive relations 
with the Austrian industrial community, and she has helped inte- 
grate our group into Austrian social and cultural activities. 
All in all, Austria is absolutely right for IIASA; I only hope 
that reciprocally IIASA will prove to be right for Austria. 

I think we have created at IIASA an institute uniquely 
designed for our times. I suspect that there might come a cru- 
cial period in world affairs--a time of crisis perhaps--when 
IIASA will be called upon by our world leaders to play an in- 
creasingly important role: a role that might include examina- 
tion of radically new solutions to truly global problems. 

In my last address to the IIASA Council I offered three 
sentences of advice for the future. In conclusion I would like 
to repeat them here: "Let us be courageous. Let us believe in 
ourselves. Let us create an institution that is relevant for 
the precarious world we live in." 





Applying Systems Ana lys i s  i n  an  I n t e r n a t i o n a l  S e t t i n g  

R.E. Levien 

Howard R a i f f a ' s  l egacy  was an  I n s t i t u t e  t h a t  had been 
brought  from a  vague i d e a l  t o  a  f u n c t i o n i n g  r e a l i t y .  I n  
October 1972 t h e r e  had been a  C h a r t e r  and a  wish;  i n  November 
1975, t h e r e  were ove r  6 0  s c i e n t i s t s ,  11 r e s e a r c h  p r o j e c t s ,  and 
a  growing body of r e s e a r c h  r e s u l t s .  

A t  t h e  beginning of R a i f f a ' s  t e rm t h e r e  were q u e s t i o n s  
about  t h e  meaning of systems a n a l y s i s  i n  an  i n t e r n a t i o n a l  
s e t t i n g ,  about  t h e  proper  r o l e  f o r  IIASA, and about  t h e  
a p p r o p r i a t e  s t r a t e g y  f o r  IIASA t o  pursue.  By t h e  end of t h o s e  
y e a r s ,  enough expe r i ence  had been ga ined  t o  enab le  u s  t o  
fo rmula t e  answers w i t h  s u f f i c i e n t  c l a r i t y  t o  gu ide  t h e  I n s t i t u t e  
i n  i t s  nex t  phase of development. 

I s h a l l  f i r s t  add re s s  t h e  answers t o  t h o s e  t h r e e  q u e s t i o n s :  

- What i s  t h e  meaning of " app l i ed  systems a n a l y s i s "  a t  
I IASA? 

- What i s  t h e  proper  r o l e  f o r  IIASA? 

- What s t r a t e g y  should IIASA fo l low t o  f u l f i l l  i t s  r o l e ?  

Then I s h a l l  exp lo re  t h e  l i k e l y  r e s u l t s  of  IIASA's e f f o r t s ,  
and t r y  t o  d e f i n e  what might reasonably  be expec ted  by ou r  
Member Organ iza t ions  and t h e  i n t e r n a t i o n a l  community from our  
a c t i v i t i e s .  

APPLIED SYSTEMS ANALYSIS AT IIASA 

When IIASA began t h e r e  was no expe r i ence  w i t h  t h e  conduct  
of a p p l i e d  systems a n a l y s i s  i n  an  i n t e r n a t i o n a l ,  East-West, 
s e t t i n g .  Many n a t i o n s  had t r a d i t i o n s  of a n a l y s i s  of  complex 
systems a s  an  a i d  t o  d e c i s i o n  makers; bu t  t h e s e  t r a d i t i o n s  were 
by no means i d e n t i c a l .  The s t a g e s  of  development d i f f e r e d  
wide ly  i n  d i f f e r e n t  c o u n t r i e s ,  a s  d i d  t h e  meaning, t h e  purpose,  
and even t h e  name of t h e  a c t i v i t y .  

What i n  some p l a c e s  was c a l l e d  "systems a n a l y s i s "  was 
e l sewhere  c a l l e d  " p o l i c y  a n a l y s i s " ,  "ope ra t ions  r e s e a r c h " ,  
" c y b e r n e t i c s " ,  o r  " q u a l i t a t i v e  p lanning" .  What i n  some c o u n t r i e s  
was s t i l l  a  f i e l d  of  academic i n q u i r y  was i n  o t h e r s  a  working 
t o o l  f o r  r e a l  decision-making agenc i e s .  And a l t hough  i n  s e v e r a l  
n a t i o n s  t h e  emphasis was on t h e  s tudy  of complex systems t o  g a i n  



unders tanding  of them, i n  o t h e r s  it was on provid ing  a n a l y t i c a l  
a s s i s t a n c e  t o  d e c i s i o n  makers. 

These d i f f e r e n c e s  e x i s t e d  wi th in  c o u n t r i e s ,  a s  we l l ;  
t h e r e  were i n  many n a t i o n s  groups of s c i e n t i s t s  and d e c i s i o n  
makers who were s k e p t i c a l  about t h e  v a l i d i t y  and p o t e n t i a l  
b e n e f i t s  of systems a n a l y s i s .  

Thus, t h e  ph rase  "app l i ed  systems a n a l y s i s "  d i d  n o t  sha rp ly  
d e f i n e  what t h e  I n s t i t u t e  would do o r  how it would go about  it. 
Rather ,  it s e t  a  tone  and an a s p i r a t i o n ,  which had t o  be g iven  
form and c o n t e n t  through inven t ion  and exper imenta t ion .  

Now, from t h e  i n i t i a l  t h r e e  y e a r s  of exper imenta t ion  some 
answers a r e  beginning t o  appear .  The f i r s t - - and  perhaps most 
important--conclusion i s  t h a t  t h e r e  is  no s i n g l e  model t h a t  a l l  
systems ana lyses  a t  IIASA can fo l low.  I n s t e a d ,  t h e r e  a r e  a  
number of d i s t i n c t  p a t t e r n s ,  adapted t o  t h e  c i rcumstances  of  t h e  
system being  s t u d i e d  and t h e  d e c i s i o n  problem being i n v e s t i g a t e d .  
Let  me exp la in .  

One type  of systems a n a l y s i s  is i l l u s t r a t e d  by t h e  f i r s t  
s tudy made by t h e  Ecology p r o j e c t  a t  IIASA. The problem was 
t o  de termine  and e v a l u a t e  a l t e r n a t i v e  p o l i c i e s  f o r  c o n t r o l  of 
an economical ly s i g n i f i c a n t  f o r e s t  p e s t :  t h e  sp ruce  budworm 
of no r the rn  f o r e s t s ,  p a r t i c u l a r l y  i n  New Brunswick, Canada. 
A d e t a i l e d  r e p o r t  of  t h i s  work i s  g iven  elsewhere i n  t h i s  
volume.* I want here  on ly  t o  p o i n t  o u t  some of i t s  f e a t u r e s  
a s  a  systems a n a l y s i s .  

The l e f t  s i d e  of F igu re  1 shows t h e  problem schemat i ca l ly .  
There i s  a  f o r e s t  of t r e e s ,  some of them i n f e s t e d  by budworm, 
which a r e  i n  t u r n  s u b j e c t  t o  p r e d a t o r s .  Af fec t ing  t h i s  system 
a r e  p o l i c i e s  implemented by t h e  government, logging e n t e r p r i s e s ,  
and land  owners. These p o l i c i e s  i nc lude  d e c i s i o n s  about  sp ray ing ,  
logging ,  and t r e e  p l an t ing .  The d i r e c t  consequences of apply ing  
t h e  p o l i c i e s  t o  t h e  f o r e s t  system w i l l  be  a  temporal  and s p a t i a l  
p a t t e r n  of budworm i n f e s t a t i o n ,  t r e e  growth, and ha rves t ing .  
T h i s  w i l l  be t r a n s l a t e d  i n t o  economic c o s t s  and b e n e f i t s  t o  
i n d i v i d u a l s ,  e n t e r p r i s e s ,  and government, and i n t o  s o c i a l  and 
r e c r e a t i o n a l  b e n e f i t s  t o  i n d i v i d u a l s .  Now t h e  problem t h a t  systems 
a n a l y s i s  add res ses  i n  t h i s  c a s e  is: which p o l i c i e s  should t h e  
d e c i s i o n  makers s e l e c t  t o  ach ieve  t h e  most d e s i r a b l e  consequences? 

The d e c i s i o n  maker would o r d i n a r i l y  r e l y  on h i s  t r a i n e d  
i n t u i t i o n  and t h e  l e s s o n s  of expe r i ence  t o  dec ide  upon a  po l i cy .  
But t h e r e  a r e  s e v e r e  l i m i t a t i o n s  t o  t r i a l  and e r r o r  o r  i n t u i t i o n  
when systems have complex i n t e r a c t i o n s  over  long d i s t a n c e s  i n  
space  and t i m e .  

The systems a n a l y s t  can provide  u s e f u l  h e l p  h e r e ,  because 
e c o l o g i s t s  and b i o l o g i s t s  have l ea rned  enough about  t h e  sp ruce  

* 
See C.S. Holl ing.  
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Figure 1.  Systems analysis, Type I :  Forest pest management. 

f o r e s t  and t h e  budworm t o  be a b l e  t o  p r e d i c t  t h e i r  responses  
under most l i k e l y  cond i t ions .  The systems a n a l y s t  can use t h i s  
s c i e n t i f i c  knowledge t o  c r e a t e  a  mathematical  and computer model 
t h a t  s a t i s f a c t o r i l y  s imu la t e s  t h e  behavior  of t h e  f o r e s t  and 
t h e  budworm under a  very  broad range  of c i rcumstances .  This  
t hen  opens t h e  p o s s i b i l i t y  of t e s t i n g  p o s s i b l e  p o l i c i e s  i n  t he  
model, r a t h e r  than  i n  the  r e a l  world; e s p e c i a l l y  s i n c e  t h e  
model can t r a c e  t h e  f o r e s t ' s  evo lu t ion  over  150 y e a r s  i n  l e s s  
than  150 minutes.  

So on t h e  r i g h t  s i d e  of F igu re  1 w e  s e e  a  mathematical- 
computa t ional  s imu la t ion  of t h e  f o r e s t ,  which t h e  systems 
a n a l y s t  u s e s  t o  test a l t e r n a t i v e  p o l i c i e s  and de termine  t h e i r  
p o s s i b l e  consequences. With t h i s  informat ion ,  t h e  d e c i s i o n  
maker i s  i n  a  much b e t t e r  p o s i t i o n  t o  s e l e c t ,  from t h e  o p t i o n s  
he f a c e s ,  t h e  one t h a t  b e s t  s e r v e s  h i s  needs. 

But t h e  r o l e  of t h e  systems a n a l y s t  i n  t h i s  c a s e  extends  
beyond t h e  development of a  d e s c r i p t i v e  systems model based on 
b i o l o g i c a l  and e c o l o g i c a l  knowledge. Most d e c i s i o n  makers know 
what consequences they  would l i k e  t o  achieve ,  bu t  n o t  which one 
of a  l a r g e  number of  p o l i c i e s  t hey  should pursue t o  ach ieve  them. 
The systems a n a l y s t  can h e l p  by developing  a  p r e s c r i p t i v e  o r  
opt imiz ing  model t h a t ,  u s ing  mathematical  techniques ,  f i n d s  t h e  
b e s t  p o l i c y  t o  a t t a i n  a s p e c i f i e d  g o a l  o r  t o  opt imize  a  s p e c i f i c  
c r i t e r i o n .  

Of ten ,  fur thermore ,  t h e  systems a n a l y s t  a s s i s t s  t h e  
d e c i s i o n  maker t o  c l a r i f y  h i s  o b j e c t i v e s ,  t h e  r e l a t i o n s h i p s  
between them, and t h e i r  p r i o r i t i e s  over  time. When t h e r e  a r e  
many independent  d e c i s i o n  makers, t h e  systems a n a l y s t  can 
h e l p  them t o  t r a c e  t h e  consequences of t h e i r  i n t e r a c t i n g  p o l i c i e s .  
Th i s  happens, f o r  example, when a n a l y s i s  d i s p l a y s  t h e  i n t e r a c t i o n  
between t h e  logging  p o l i c i e s  of t h e  lumber e n t e r p r i s e  and t h e  
r e c r e a t i o n a l  p o l i c i e s  of t h e  government environmental  agency. 



A t  e ach  s t e p ,  i n  e a c h  of t h e s e  r o l e s ,  t h e  sys tems  a n a l y s t  
must be s k i l l f u l  i n  d e a l i n g  c o n s i s t e n t l y  and h o n e s t l y  w i t h  
u n c e r t a i n t y  and complex i ty ,  and w i t h  t h e  d i s t i n c t i o n  between 
f a c t s  and v a l u e  judgments.  

T h i s  t y p e  of sys tems  a n a l y s i s  i s  p o s s i b l e  o r d i n a r i l y  o n l y  
when d e c i s i o n s  must be t a k e n  abou t  sys tems  t h a t  a r e  p h y s i c a l  
o r  e c o l o g i c a l .  Sc i ence  ha s  g e n e r a l l y  l e a r n e d  enough abou t  t h e  
behav io r  of such  sys tems  t o  pe rmi t  c o n s t r u c t i o n  of adequa t e  
d e s c r i p t i v e  models.  Consequent ly ,  p o l i c i e s  c a n  be t e s t e d  i n  
t h e  model,  i n s t e a d  of t h e  r e a l  world.  But most s i g n i f i c a n t  
problems f a c i n g  d e c i s i o n  makers concern  sys tems  compr is ing  
i n d i v i d u a l s  and groups ,  whose behav io r  i s  by no  means w e l l  
unders tood .  Systems of t h a t  k ind  g e n e r a l l y  c anno t  be ade- 
q u a t e l y  modeled a s  a  whole, and p o l i c i e s  t h e r e f o r e  c anno t  be  
t e s t e d  a l l  a t  once i n  a  comprehensive computer model. One 
approach  t o  such  complex s o c i a l - t e c h n i c a l  sys tems  i s  i l l u s -  
t r a t e d  by ou r  Globa l  Energy Systems program, which i s  d e s c r i b e d  
i n  d e t a i l  i n  a n o t h e r  p r e s e n t a t i o n .  * 

I n  F i g u r e  2 ,  I have fo l lowed t h e  same conven t i ons  a s  i n  
t h e  p r e v i o u s  f i g u r e .  The l e f t  s i d e  s c h e m a t i c a l l y  p o r t r a y s  t h e  
problem. But i n  p l a c e  of t h e  r e l a t i v e l y  s imp le  f o r e s t  system of  
t h e  p r e v i o u s  example, w e  have h e r e  a  complex i n t e r a c t i o n  among 
t e c h n o l o g i e s ,  economics, environment ,  and s o c i a l  a t t i t u d e s .  
I n s t e a d  o f  a  compact geog raph i c  r eg ion  i n  n o r t h e r n  Canada, we 
have t h e  f u l l  g lobe .  And i n  p l a c e  o f  a  few d e c i s i o n  makers ,  w e  
have a  v e r y  l a r g e  number of independent  p o l i c y  makers i n  
i n d u s t r y ,  n a t i o n a l  governments ,  and i n t e r n a t i o n a l  e n t e r p r i s e s  
and o r g a n i z a t i o n s .  
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Figure 2. Systems analysis, Type 11: global energy systems. 

The r o l e  o f  IIASA systems a n a l y s i s  i n  t h i s  s e t t i n g ,  t h e r e -  
fore, c a n n o t  be t o  de t e rmine  a  s i n g l e  b e s t  p o l i c y  f o r  a  s i n g l e  

* 
See  W.  Ha fe l e ,  t h i s  volume. 



g l o b a l  d e c i s i o n  maker. I n s t e a d ,  it i s  t o  t r y  t o  p rov ide  a  
b roade r  p e r s p e c t i v e  a g a i n s t  which t h e  autonomous d e c i s i o n  
makers c an  make t h e i r  c h o i c e s .  Systems a n a l y s i s  h e r e  must look  
beyond s i n g l e  system components,  i n  s i n g l e  n a t i o n s ,  i n  t h e  
s h o r t  t e r m .  I t  must i d e n t i f y  and improve unde r s t and ing  of  t h e  
impor t an t  i n t e r a c t i o n s  among energy  system components, among 
t h e  energy  p o l i c i e s  of n a t i o n s  and r e g i o n s ,  and among energy  
c h o i c e s  i n  t h e  s h o r t ,  medium, and long term. The system 
ana ly s t ' s - - and  IIASA's--hope must be t h a t ,  armed w i t h  t h i s  
knowledge, t h e  d e c i s i o n  makers w i l l  choose p o l i c i e s  t h a t  a r e  
b e t t e r  n o t  o n l y  from t h e  s t a n d p o i n t  o f  t h e i r  own n a t i o n s ,  b u t  
f o r  t h e  g l o b e  a s  w e l l .  

On t h e  r i g h t  s i d e  of t h i s  f i g u r e ,  I have shown s c h e m a t i c a l l y  
o u r  approach  t o  t h i s  t y p e  of sys tems  a n a l y s i s .  I n  p l a c e  o f  a  
s i n g l e  comprehensive computa t iona l  model-- impossible ,  because  
of o u r  l a c k  of v a l i d a t e d  knowledge and t h e  s i z e  and complex i ty  
of t h e  sys tem-- there  i s  an  o v e r l a p p i n g ,  i n t e r l i n k e d  series of  
i n v e s t i g a t i o n s  of  t h e  p r i n c i p a l  q u e s t i o n s  a f f e c t i n g  t h e  g l o b a l  
energy  system: 

- What w i l l  be t h e  evo lv ing  p a t t e r n  of  demand? 

- What r e s o u r c e s  a r e  a v a i l a b l e  t o  s a t i s f y  i t ?  

- Which t e c h n o l o g i c a l  o p t i o n s  w i l l  b e  f e a s i b l e ?  

- What c o n s t r a i n t s  w i l l  l i m i t  s e l e c t i o n  among t h e  o p t i o n s ?  

And i n s t e a d  of a  q u a n t i t a t i v e  e v a l u a t i o n  of  a l t e r n a t i v e  p o l i c i e s ,  
t h e r e  i s  t h e  i d e n t i f i c a t i o n  of  a  r ange  of s t r a t e g i e s  r e s p o n s i v e  
t o  d i f f e r e n t  p o s s i b l e  n a t i o n a l  and i n t e r n a t i o n a l  g o a l s .  Here, 
a s  i n  many a n a l y s e s ,  t h e  d e s i r e d  r e s u l t  of a n a l y s i s  i s  syn the s i s - -  
t h e  d e s i g n  of a l t e r n a t i v e s  t h a t  s a t i s f y  s p e c i f i e d  demands by 
s e l e c t i n g  from among v a r i o u s  o p t i o n s  t h o s e  t h a t  s a t i s f y  t h e  
c o n s t r a i n t s  and b e s t  s e r v e  g i v e n  g o a l s .  The d e c i s i o n  makers c an  
t h e n  u s e  t h e s e  s t r a t e g i c  a l t e r n a t i v e s  a s  g u i d e s  i n  forming t h e i r  
own p o l i c i e s .  

Another  approach t o  t h e  a n a l y s i s  of complex sys tems  t h a t  
i n c l u d e  s o c i a l  and economic components a s  w e l l  a s  t e c h n i c a l  ones  
is  i l l u s t r a t e d  i n  o u r  s t u d y  of sys tems  f o r  t h e  p l ann ing  and 
managem n t  o f  r e g i o n a l  development ,  d e s c r i b e d  i n  a n o t h e r  p resen-  
t a t i o n .  0 

T h i s  t h i r d  t y p e  of  systems a n a l y s i s  is  i l l u s t r a t e d  i n  
F i g u r e  3 .  The l e f t  s i d e  shows t h r e e  examples of  r e g i o n a l  
development systems:  t h e  Tennessee V a l l e y  A u t h o r i t y  (TVA) i n  
t h e  Uni ted  S t a t e s ,  t h e  Bra t sk - I l imsk  T e r r i t o r i a l  I n d u s t r i a l  
Complex i n  t h e  S o v i e t  Union, and t h e  Shinkansen p r o j e c t  i n  Japan.  
Each i s  a f f e c t e d  by p o l i c i e s  t h a t  produce consequences ,  denoted  
by t h e  e n t e r i n g  and l e a v i n g  arrows.  Each i s  i n t e r n a l l y  o rgan i zed  
and managed i n  d i f f e r e n t  ways t o  a c h i e v e  i t s  g o a l s  w i t h i n  i t s  
s p e c i f i c  s e t t i n g .  

'see H. Knop, t h i s  volume. 
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Figure 3. Systems analysis, Type 111: regional development. 

Although t h e  conduct  of r e g i o n a l  development i nvo lves  
complex systems t h a t  d e f y  r e a l i s t i c  d e s c r i p t i v e  modeling on 
computers ,  it d i f f e r s  from t h e  s e t t i n g  of g l o b a l  energy p o l i c y  
i n  t h a t  it i s  n o t  unique;  numerous r e g i o n a l  development a c t i v -  
i t i e s  a r e  occu r r ing  a t  d i f f e r e n t  p l a c e s  s imu l t aneous ly ,  and 
a t  d i f f e r e n t  t imes  a s  we l l .  T h i s  means t h a t  t h e  systems ana- 
l y s t  can l e a r n  about  t h e  p o t e n t i a l  consequences of  d i f f e r e n t  
p o l i c i e s  by c a r e f u l l y  examining t h e  expe r i ence  of  t h e  " n a t u r a l  
exper iments"  under way around t h e  world. Our systems a n a l y s i s  
i n  t h i s  i n s t a n c e  i s  in tended  t o  h e l p  d e c i s i o n  makers concerned 
w i t h  r e g i o n a l  development t o  s e l e c t  e f f e c t i v e  p l ann ing ,  manage- 
r i a l ,  and o r g a n i z a t i o n a l  means by s tudy ing  t h e  expe r i ence  of 
r e a l  c a s e s .  We r e p l a c e  t h e  t e s t i n g  of a l t e r n a t i v e  p o l i c i e s  i n  
computer s imu la t ions  of r e a l i t y  by t h e i r  t e s t i n g  i n  r e a l i t y  
i t s e l f .  But t h e  d i f f i c u l t  t a s k  of  systems a n a l y s i s  i n  t h e s e  
c i r cums tances  i s  t o  develop  procedures  f o r  d e r i v i n g  conc lus ions  
from what,  of n e c e s s i t y ,  a r e  u n s t r u c t u r e d ,  uncon t ro l l ed  "exper i -  
ments" .  How can  t h e  e f f e c t s  of  a  p a r t i c u l a r  o r g a n i z a t i o n a l  
arrangement  be  s epa ra t ed  from t h o s e  of t h e  o t h e r  f a c t o r s  t h a t  
a l s o  change from c a s e  t o  c a s e ?  

The answers t o  t h i s  q u e s t i o n  a r e  by no means c l e a r .  Our 
approach s o  f a r  has  been t o  t r y  t o  develop  concep tua l  o r  
q u a l i t a t i v e  models of t h e  p roces se s  under i n v e s t i g a t i o n  t h a t  
gu ide  and s t r u c t u r e  ou r  examinat ions ,  and second,  t o  be c l e a r  
abou t  t h e  n a t u r e  of our  f i n d i n g s .  We cannot  expec t  t o  be a b l e  
t o  say  t h a t  one approach o r  ano the r  i s  b e s t ,  o r  even b e t t e r ,  
under  a l l  c i rcumstances .  Our g o a l  a t  t h i s  s t a g e  must be more 
modest: t o  i d e n t i f y  approaches t h a t  appear  t o  have been u s e f u l  
and t h a t  wa r ran t  a d a p t a t i o n  and t r i a l  i n  o t h e r  s e t t i n g s .  

These t h r e e  t ypes  of systems a n a l y s i s  do n o t  exhaus t  a l l  
t h e  p o s s i b i l i t i e s ,  bu t  t h e y  do span t h e  range of expe r i ence  
IIASA h a s  had du r ing  i t s  f i r s t  t h r e e  yea r s .  Moreover, d e s p i t e  



their significant differences, they share a number of features, 
which serve to establish a common meaning for the phrase 
"applied systems analysis". 

All three types have as their purpose the provision of aid 
to decision makers in making difficult decisions about complex 
systems. In each case, the analyst seeks, to the extent pos- 
sible, to separate the determination of factual, objective 
information--which is the role of analysis--from the making of 
value judgments, which is the role of the decision maker. 
Although this separation is often difficult, it is always impor- 
tant. In each case, too, the systems analyst has a broad view- 
point that cuts across the conventional disciplinary or organi- 
zational divisions to establish boundaries of investigation 
appropriate to the problem. This means, in turn, that the anal- 
ysis must rely upon and draw together the knowledge and approaches 
of many distinct disciplines. 

A characteristic of modern science that has underlain the 
evolution of systems analysis is the development of quantitative 
and computational tools to deal with complexity and uncertainty. 
Many, but not all, systems analyses use the computer or sophis- 
ticated mathematics to organize and trace the consequences of 
complex system interactions, to account for uncertainty, or to 
search for optimal policies. But despite its reliance on the 
findings of science and the precise tools of mathematics and 
computation, systems analysis remains, like science itself, an 
inherently human enterprise calling for individual judgment, 
skill, and creativity. Like science, it is an art. 

THE PROPER ROLE FOR IIASA 

Against this background we can now turn to the question: 
what is the proper role for IIASA? The answer to that question 
follows from a consideration of the features that give IIASA 
its uniqueness. There are two of them. 

First, IIASA is an international institute that is, 
nevertheless, non-governmental. Consequently, it can address 
international issues in a non-political setting. Furthermore, 
it is the joint creation of countries from both East and West, 
and can therefore bring together scientists from widely differ- 
ing economic, political, and social systems to work on problems 
faced by all societies. 

Second, IIASA is an interdisciplinary institute, that is, 
furthermore, applied. This means that it can bring together the 
findings and insights of many special scientific disciplines to 
solve practical problems. But it also means that methods must 
be found to bridge the gap between natural and social scientists. 
It is generally harder to develop effective communication 
between an American physicist and an American sociologist than 
between the American physicist and a physicist from the Soviet 
Union. 



These two c h a r a c t e r i s t i c s  l e a d  d i r e c t l y  t o  t h e  d e f i n i t i o n  
of  t h e  two d imens ions  of IIASA's p r o p e r  r o l e .  

The f i r s t  i s  t h a t  IIASA should  a d d r e s s  problems o f  i n t e r -  
n a t i o n a l  impor tance ,  l e a v i n g  f o r  o t h e r s  m a t t e r s  o f  s t r i c t l y  
n a t i o n a l  r e l evance .  Problems of  i n t e r n a t i o n a l  impor tance  may 
be g l o b a l - - t h a t  is ,  t h e y  c r o s s  n a t i o n a l  bounda r i e s ,  i n v o l v e  
i n h e r e n t l y  more t h a n  one n a t i o n ,  and c a n n o t  be r e s o l v e d  w i t h o u t  
t h e  j o i n t  a c t i o n  of  more t h a n  one n a t i o n ;  o r  t h e y  may be  
u n i v e r s a l - - t h a t  is ,  t h e y  l i e  w i t h i n  t h e  bounda r i e s  o f  s i n g l e  
n a t i o n s  and can  be r e s o l v e d  by t h e i r  i n d i v i d u a l  a c t i o n s ,  b u t  
a r e  sha r ed  by a lmos t  a l l  n a t i o n s .  

G loba l  problems i n c l u d e ,  f o r  example, t h e  p r e s e r v a t i o n  
of  t h e  g l o b a l  environment  and c l i m a t e ,  and a s s u r a n c e  o f  adequa t e  
g l o b a l  food and energy  s u p p l i e s .  U n i v e r s a l  problems compr ise  
r e g i o n a l  development w i t h i n  n a t i o n s ,  d e s i g n  of  n a t i o n a l  h e a l t h  
c a r e  d e l i v e r y  sys tems ,  and deve lopment  o f  automated management 
sys tems .  I n  b o t h  c a s e s ,  IIASA c a n  p l a y  a  un ique  r o l e .  It i s  
t h e  o n l y  p l a c e  i n  t h e  world where s c i e n t i s t s  from E a s t  and 
West c a n  work t o g e t h e r  on t h e  g l o b a l  i s s u e s  t h a t  a l l  n a t i o n s  
f a c e .  And it c a n  f a c i l i t a t e  t h e  exchange of e x p e r i e n c e  a c r o s s  
s o c i a l ,  economic, and p o l i t i c a l  bounda r i e s  on u n i v e r s a l  i s s u e s  
c o n f r o n t e d  by e v e r y  coun t ry .  

The second dimension o f  I IASAVs p rope r  r o l e  i s  a  compre- 
h e n s i v e  approach.  There a r e  many s t u d i e s  t h a t  f o c u s  on one 
a s p e c t  o r  a n o t h e r  o f ,  f o r  example, energy  prob lems- -s tud ies  o f  
energy  r e s o u r c e s  o r  env i ronmenta l  problems; of  u rban  energy  
needs  o r  h e a l t h  e f f e c t s  of n u c l e a r  power; of  new t e c h n o l o g i e s  
o r  methodolog ies  f o r  s t u d y i n g  energy  demand. I n  c o n t r a s t ,  
IIASA's g o a l  i s  t o  ana lyze  i n t e r n a t i o n a l  problems such  a s  energy  
i n  a  comprehensive way, i d e n t i f y i n g  and i n v e s t i g a t i n g  t h e  i n t e r -  
r e l a t i o n s h i p s  among t h e  p i e c e s  o f  t h e  o v e r a l l  problem. 

IIASA IS STRATEGY 

These two d imens ions  of I IASAVs r o l e  de t e rmine  i t s  d u a l  
s t r a t e g y :  f i r s t ,  t o  b u i l d  a  s o l i d  b a s e  o f  competence i n  t h o s e  
a r e a s  of s c i e n c e  and technology  t h a t  a r e  e s s e n t i a l  components 
o f  a  comprehensive approach  t o  i n t e r n a t i o n a l  problems; and 
second ,  t o  draw upon t h i s  b a s e  of competence i n  conduc t i ng  
major  c r o s s - c u t t i n g  s t u d i e s  of b o t h  g l o b a l  and u n i v e r s a l  
problems. 

We have i d e n t i f i e d  f o u r  r e s e a r c h  a r e a s  t h a t  c o n s t i t u t e  t h e  
p i l l a r s  of o u r  competence. 

The f i r s t  w e  c a l l  Resources  and Environment; it i s  con- 
c e rned  w i t h  t h e  E a r t h ' s  n a t u r a l  endowment--its c l i m a t e ,  
env i ronment ,  wa t e r ,  renewable and non-renewable r e s o u r c e s ,  and 
e c o l o g i c a l  sys tems .  The a c t i v i t i e s  begun by o u r  Ecology/Environ- 
ment,  Water Resources ,  and Food and A g r i c u l t u r e  p r o j e c t s  now 
f a l l  w i t h i n  t h i s  a r e a .  



The second is Human S e t t l e m e n t s  and S e r v i c e s ;  it is 
concerned wi th  t h e  E a r t h ' s  human endowment--its popu la t ions ,  
t h e i r  d i s t r i b u t i o n  and c o l l e c t i o n  i n  s e t t l e m e n t s ,  and t h e  
h e a l t h ,  educa t ion ,  communication, and t r a n s p o r t a t i o n  s e r v i c e s  
t hey  need. Our Urban and Regional and Biomedical p r o j e c t s  have 
come t o g e t h e r  he re .  

The t h i r d  i s  Management and T e c h n o l o g y ;  it is concerned 
wi th  t h e  man-made c o n t r i b u t i o n s  t o  t h e  g l o b a l  endowment-- 
i n s t i t u t i o n s ,  economic systems,  and t echno log ie s .  We have 
brought  t o g e t h e r  i n  t h i s  a r e a  our  work on i n t e g r a t e d  i n d u s t r i a l  
systems and l a r g e  o rgan iza t ions .  

The f o u r t h  a r e a  d i f f e r s  from t h e  f i r s t  t h r e e  by d e a l i n g  
wi th  a n a l y t i c a l  p rocesses  r a t h e r  than wi th  t h e  o b j e c t s  o f  ana l -  
y s i s .  We c a l l  it S y s t e m  and D e c i s i o n  S c i e n c e s ,  t o  emphasize i t s  
concern w i t h  t h e  mathematical  and computa t ional  t o o l s  t h a t  
suppor t  s t u d i e s  of l a r g e  systems and provide  a i d  t o  dec is ion-  
making. I t  embraces our  former ly  s e p a r a t e  Methodology and 
Computer Sc ience  p r o j e c t s .  

Cu t t ing  a c r o s s  t h e s e  fou r  b a s i c  a r e a s  of competence, w e  
have e s t a b l i s h e d  two major app l i ed  s t u d i e s ,  one g l o b a l  and one 
u n i v e r s a l .  

Knowing t h a t  we could hope t o  complete our  s t u d i e s  only  
i n  t h e  long run ,  we chose a s  our  problem of  g l o b a l  concern t h e  
ques t ion  of t h e  p a t h  o f  gZobal deveZopment o v e r  t h e  n e x t  
c e n t u r y .  The dynamics of g l o b a l  popula t ion  growth, and t h e  
p a r a l l e l  growth i n  t h e  a s p i r a t i o n s  of a l l  people f o r  adequate  
food,  c l o t h i n g ,  and s h e l t e r ,  f o r  educat ion  and h e a l t h  c a r e ,  
and f o r  a t  l e a s t  minimal amen i t i e s ,  w i l l  p l a c e  seve re  p r e s s u r e s  
on t h e  E a r t h ' s  c a p a c i t i e s .  To meet t h e  expanding needs of an 
expanding popu la t ion ,  whi le  husbanding t h e  E a r t h ' s  r e sources  and 
p re se rv ing  i t s  environment, is  l i k e l y  t o  demand f a r  more p e r c e p t i v e  
c a r e  and j o i n t  a c t i o n  by n a t i o n a l  and i n t e r n a t i o n a l  d e c i s i o n  
makers t han  have eve r  been app l i ed  be fo re .  IIASA's unique 
p o s i t i o n  g i v e s  it t h e  r e s p o n s i b i l i t y  t o  a s s i s t ,  over  t h e  long 
run ,  i n  t h e  a n a l y s i s  of  t h e s e  g l o b a l  p rospec t s .  

But we b e l i e v e  t h a t  i n  t h e  s h o r t  run  IIASA cannot  add res s  
t h i s  v a s t  problem comprehensively. There have, of  cou r se ,  
been e f f o r t s  by a  number of groups t o  b u i l d  comprehensive 
g l o b a l  models; w e  have chosen ano the r  approach. I n s t e a d  of 
beginning w i t h  a  s tudy  of t h e  l i n k a g e s  among t h e  v a r i o u s  
s e c t o r s  t h a t  comprise t h e  g l o b a l  system--energy, food,  wa te r ,  
environment, i n d u s t r y ,  and so  on--we w i l l  begin w i t h  s e c t o r -  
by-sector  s t u d i e s .  Our hypothes is  i s  t h a t  we do n o t  y e t  know 
enough about  each  s e c t o r  a t  t h e  g l o b a l  s c a l e  t o  do t r u l y  s a t i s -  
f a c t o r y  i n t e r s e c t o r a l  modeling. The f i r s t  s e c t o r  we a r e  
s tudying  is energy;  t h a t  i n v e s t i g a t i o n  began i n  1973 and w i l l  
be completed i n  1978. I have s t a t e d  t h e  n a t u r e  of t h a t  s tudy  
e a r l i e r .  Th i s  yea r  we a r e  beginning ou r  a n a l y s i s  of t h e  g l o b a l  
food s e c t o r .  



The problem a t  t h e  u n i v e r s a l  l e v e l  i s  d i f f e r e n t .  Here w e  
have chosen t o  c o n c e n t r a t e  on i s s u e s  a r i s i n g  i n  t h e  deve lop-  
ment o f  r e g i o n s  w i t h i n  n a t i o n s .  I n  c o n t r a s t  t o  t h e  s i t u a t i o n  
a t  t h e  g l o b a l  s c a l e ,  s e c t o r a l  s t u d i e s  a r e  w e l l  advanced a t  a 
r e g i o n a l  s c a l e ;  b u t  t h e r e  ha s  been r e l a t i v e l y  l i t t l e  work on 
t h e  i n t e g r a t e d  c o n s i d e r a t i o n  o f  t h e s e  s e c t o r s .  Thus, IIASA's 
e f f o r t  i s  be ing  addressed  t o  t h e  p l ann ing  and management o f  
i n t e g r a t e d  r e g i o n a l  development.  These problems a r e  common t o  
many n a t i o n s ,  e s p e c i a l l y  t h o s e  t h a t  a r e  beg inn ing  t o  e x p l o i t  
new r e s o u r c e s .  

The two a s p e c t s  o f  IIASA's s t r a t e g y  come t o g e t h e r ,  a s  i s  
shown s c h e m a t i c a l l y  i n  F i g u r e  4 ,  t h rough  a m a t r i x  form of  o rga-  
n i z a t i o n .  The columns a r e  t h e  f o u r  r e s e a r c h  a r e a s ,  e ach  com- 
p r i s i n g  a wide r ange  of  r e s e a r c h  s k i l l s .  The rows a r e  t h e  two 
c r o s s - c u t t i n g  r e s e a r c h  programs: Globa l  Energy Systems and 
I n t e g r a t e d  Regiona l  Systems. Each program h a s  a t h r e e -  t o  
five-man c o r e  group  and a n  i n t e r d i s c i p l i n a r y  team drawn from 
t h e  e x p e r t s  i n  t h e  r e s e a r c h  a r e a s .  About h a l f  o f  IIASA's 
r e s e a r c h  e f f o r t  is a l l o c a t e d  t o  t h e  c r o s s - c u t t i n g  programs; 
t h e  remainder  c o n s t i t u t e s  s t u d i e s  made w i t h i n  i n d i v i d u a l  a r e a s  
o r  j o i n t l y  between two o r  more a r e a s .  

Figurc 4. IIASA's niatrix organization. 

The s t r a t e g y  I have ske tched  i s  amb i t i ous ;  it would s t r a i n  
t h e  r e s o u r c e s  o f  a major  r e s e a r c h  i n s t i t u t i o n .  Y e t  IIASA's 
i n t e r n a l  r e s o u r c e s  a r e  l i m i t e d .  The I n s t i t u t e  ha s  a c o r e  
s t a f f  of  7 0  s c i e n t i s t s .  While i t  occup i e s  marvelous f a c i l i t i e s  
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in Schloss Laxenburg--which have been provided with the gener- 
ous assistance of the Austrian government, the government of 
Lower Austria, and the City of Vienna--it has only a modest 
library and medium-sized computing facilities. Its annual 
budget is 110 million Austrian Schillings, or about 6 million 
dollars. Although significant, these resources are below 
those needed to fulfill IIASA's large ambitions. 

For this reason, we are trying to find ways to amplify 
the efforts of IIASA's core through ties with the external 
research community. The founders of the Institute saw its 
true purpose in stimulating and linking collaborative re- 
search in the participating countries. But Professor Raiffa 
and the Council felt strongly that such an external network 
could only be built on the base of significant internal re- 
search; without that, there would be little reason or capacity 
for external scientists to collaborate with the Institute. 
In the last year this policy has shown results. The way in 
which external resources expand the Institute's capacities is 
shown in Figure 5. 
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Figure 5. IIASA's external resources. 

Around the central core of scholars who are supported by 
the contributions of the National Member Organizations (NMOS) 
there has been added a group of guest scholars--scientists 
supported by outside organizations. There will be 10 guest 
scholars at IIASA this year--paid directly by research 
institutions in France and industrial corporations such as 



S h e l l ,  IBM, Ar thur  Andersen, Siemens--who p a r t i c i p a t e  w i t h  t h e  
rest of t h e  s t a f f  i n  t h e  r e s e a r c h  program approved by o u r  
Counc i l .  These g u e s t s  e n l a r g e  ou r  s t a f f  t o  abou t  80. 

The n e x t  a d d i t i o n  t o  t h e  c o r e  is  made p o s s i b l e  by funds  
we r e c e i v e  from e x t e r n a l  sources - - founda t ions ,  i n t e r n a t i o n a l  
and n a t i o n a l  agenc ies - - in  o r d e r  t o  ex t end  o r  deepen t h e  t r e a t -  
ment o f  s p e c i f i c  p o r t i o n s  of o u r  r e s e a r c h  program. T h i s  y e a r  
w e  expec t  t o  r e c e i v e  abou t  20 m i l l i o n  A u s t r i a n  S c h i l l i n g s - -  
somewhat more t h a n  1 m i l l i o n  do l l a r s - - f rom such  s o u r c e s .  They 
i n c l u d e  t h e  Uni ted  Nat ions  Environment Programme (UNEP); t h e  
Volkswagen, Ford,  and R o c k e f e l l e r  Founda t ions ;  t h e  A u s t r i a n  
M i n i s t r y  o f  Sc i ence  and Research ,  t h e  A u s t r i a n  N a t i o n a l  Bank, 
and t h e  M i n i s t r y  of Research and Technology o f  t h e  F e d e r a l  
Republ ic  o f  Germany. T h i s  is abou t  a 20 p e r c e n t  i n c r e a s e  i n  
ou r  t o t a l  budge t ,  and--of g r e a t e r  importance--almost a one- 
t h i r d  increment  i n  o u r  r e s e a r c h  budge t .  

We v a l u e  t h e s e  monies f o r  t h r e e  r ea sons .  F i r s t ,  t h e y  
e n a b l e  u s  t o  pu r sue  impor t an t  r e s e a r c h  t o p i c s  more f u l l y  t h a n  
w e  cou ld  w i t h  o u r  i n t e r n a l  r e s o u r c e s .  Second, t h e y  o f t e n  
p r o v i d e  a d i r e c t  l i n k  w i t h  i n t e r e s t e d  d e c i s i o n  makers,  which i s  
one way o f  a s s u r i n g  t h e  p r a c t i c a l  r e l e v a n c e  of  o u r  work. T h i r d ,  
t h e y  i m p l i c i t l y  r e p r e s e n t  an  independent ,  d i s i n t e r e s t e d  rev iew 
of t h e  q u a l i t y  of ou r  program. They mean t h a t  a n  o u t s i d e  
agency,  a f t e r  examining ou r  work and ou r  p l a n s ,  h a s  judged it 
v a l u a b l e  t o  p rov ide  funds  t o  c o n t i n u e  toward t h o s e  o b j e c t i v e s .  
I n  many c a s e s  t h e s e  o r g a n i z a t i o n s  c o n t r i b u t e  more t h a n  t h e  
annua l  membership f e e  o f  one of  o u r  members. With t h e s e  funds  
o u r  s t a f f  i n c r e a s e s  t o  somewhat o v e r  90 s c i e n t i s t s .  

Up t o  t h i s  p o i n t ,  t h e  a d d i t i o n s  t o  t h e  c o r e  have been 
w i t h i n  t h e  h a l l s  o f  S c h l o s s  Laxenburg. Guest  s c h o l a r s  and 
e x t e r n a l  f unds  e n a b l e  u s  t o  e s t a b l i s h  and r e t a i n  a c r i t i c a l  mass 
of r e s e a r c h  a c t i v i t y  i n  Laxenburg. But even s o ,  t h e  problems 
t h a t  IIASA a d d r e s s e s  exceed t h e  c a p a b i l i t i e s  o f  any s i n g l e ,  
c e n t r a l l y  l o c a t e d  s t a f f :  t h e y  a r e  i n t e r n a t i o n a l  and demand 
i n t e r n a t i o n a l  a t t e n t i o n .  Thus, w e  pay s p e c i a l  a t t e n t i o n  t o  
t h e  development of a network of  c o l l a b o r a t i v e  i n s t i t u t i o n s .  
The e s t a b l i s h m e n t  and n u r t u r i n g  of  t h i s  network w i l l  b e  a 
s i g n i f i c a n t  i n d i c a t o r  o f  IIASA's succe s s .  

One of  t h e  f i r s t  o f  t h e s e  c o l l a b o r a t i v e  r e l a t i o n s h i p s  
began h e r e  i n  Vienna,  w i t h  t h e  I n t e r n a t i o n a l  Atomic Energy 
Agency (IAEA). W e  have e s t a b l i s h e d  a j o i n t  g roup  on t h e  
assessment  o f  r i s k ,  w i t h  p a r t i c u l a r  emphasis  on t h e  r o l e  r i s k  
e s t i m a t e s  p l a y  i n  t h e  c h o i c e  of energy  o p t i o n s .  The IAEA and 
i t s  member c o u n t r i e s  c o n t r i b u t e  s t a f f  t o  t h e  group ,  a s  does  
IIASA. Its l e a d e r  is a t  t h e  IAEA, and t h e  team c o l l a b o r a t e s  
c l o s e l y  w i t h  o u r  Energy program. 

W e  now c o l l a b o r a t e  w i t h  r e s e a r c h  o r g a n i z a t i o n s  i n  a lmos t  
a l l  t h e  c o u n t r i e s  hav ing  IIASA N a t i o n a l  Member O r g a n i z a t i o n s ,  and 
t h i s  network i s  c o n t i n u a l l y  growing. A v e r y  promis ing  development 
i s  t h e  e s t a b l i s h m e n t  i n  o u r  NMO c o u n t r i e s  o f  r e s e a r c h  g roups  



that will work in parallel with and serve as links to our 
research activities. Bulgaria, for example, is designating 
laboratories that will work in conjunction with our Food 
and Energy programs. Thus our findings can be implemented in 
Bulgaria through the efforts of persons and organizations who 
are aware of the specific situation and needs in Bulgaria. 
At the same time, we have obtained a channel through which 
our program may draw upon Bulgarian experience, needs, and 
reality. 

An additional example will help me to illustrate how the 
collaborative network amplifies and extends IIASA's efforts. 
As part of our study of global energy systems, we are exploring 
the possibilities of returning to coal as a major source of 
energy. In our core research program, however, we have 
allocated less than one man-year of effort to this problem. 
Obviously, the ability of one man, no matter how competent, to 
evaluate the coal option is quite limited; you might feel 
justified in questioning the seriousness of our commitment. 
But IIASA's internal effort is only the tip of an iceberg. 
To amplify that effort we have created a Coal Task Force, which 
draws upon representatives of the coal authorities in Czecho- 
slovakia, Poland, the Federal Republic of Germany, and the 
United Kingdom. We expect additional countries to join in. 
This Task Force meets regularly at IIASA, and its members then 
return to their home institutions to carry out the work that 
they have agreed upon. The results will be of obvious value 
to our Energy program, but the participating institutions expect 
to benefit more directly as well. 

There are many other examples of our collaborative 
research network. Sometimes IIASA's external influence occurs 
through a less tight linkage than I have just described. In 
such cases we identify in the course of our work problems that 
demand deeper treatment than we with our own resources can give 
them, and attempt to stimulate research in national research 
institutions among our NMO countries. 

One example of this is the matter of climatological effects 
of energy production. As global energy production increases, 
two waste products may influence the global climate. They are 
h e a t  and c a r b o n  d i o x i d e .  We became interested in these potential 
problems early in our energy studies, but did not have the 
resources to explore them adequately ourselves. Instead, we 
approached organizations in countries having NMOS to ask for 
help. Two of them, the British Meteorological Office and the 
National Center for Atmospheric Research (NCAR) in the USA, 
offered us the use of their large, computer-based, global- 
circulation models. Another, the Nuclear Research Institute 
in Karlsruhe, FRG, offered us computing assistance. Interesting 
results for our own work have come from these efforts. But of 
equal importance has been the catalyzing of work at one of those 
centers that might not otherwise have been undertaken. Let me 
quote from a letter we received from the President of the NCAR: 



... we a r e  v e r y  a p p r e c i a t i v e  o f  t h e  k i n d  of  s y n t h e s i s  
t h a t  IIASA is  a t t e m p t i n g  i n  t h e  a r e a  o f  e n e r g y  sys tems ,  
s i n c e  it h e l p s  u s  t o  see where some o f  t h e  more 
i m p o r t a n t  p r a c t i c a l  problems l i e ,  and where we c a n  
c o n t r i b u t e  most f r u i t f u l l y .  I f o r e s e e  a long-term 
i n t e r a c t i o n  between o u r  two o r g a n i z a t i o n s ,  e a c h  working 
on t h e  problems t h a t  we u n d e r s t a n d  b e s t ,  and w i t h  a 
c o n t i n u i n g  d l a l o g u e  i n  which we exchange i d e a s  and 
l a t e s t  r e s u l t s .  

T h i s  is a n  e x c e l l e n t  s t a t e m e n t  o f  t h e  r o l e  t h a t  we see our -  
s e l v e s  p l a y i n g  i n  r e l a t i o n  t o  many r e s e a r c h  i n s t i t u t i o n s  
a round  t h e  g l o b e .  

The l a s t  r i n g  i n  t h e  web o f  e x t e r n a l  r e s o u r c e s  i s  formed 
t h r o u g h  IIASA's c a p a c i t y  t o  f a c i l i t a t e  i n t e r n a t i o n a l  exchange 
of  i n f o r m a t i o n ,  and t h e r e b y  t o  s t r e n g t h e n  n a t i o n a l  r e s e a r c h  
e f f o r t s  and h e l p  t o  i d e n t i f y  i s s u e s  o f  g l o b a l  and u n i v e r s a l  
impor tance .  One example o f  t h i s  i s  o u r  series o f  i n t e r n a t i o n a l  
c o n f e r e n c e s  on g l o b a l  model ing:  A s  I ment ioned  e a r l i e r ,  IIASA 
h a s  chosen  n o t  t o  d e v e l o p  a comprehensive g l o b a l  model o f  i t s  
own. W e  have,  however, f e l t  it i m p o r t a n t  t o  p r o v i d e  a forum 
t h r o u g h  which t h e  methodolog ies  o f  t h e  v a r i o u s  g l o b a l  models 
c a n  b e  r e p o r t e d ,  d i s c u s s e d ,  c r i t i c i z e d ,  and d i s s e m i n a t e d .  There  
have been t h r e e  such  c o n f e r e n c e s  t h u s  f a r ,  w i t h  t h e  f o u r t h  t o  
b e  h e l d  t h i s  f a l l .  Each w i l l  r e s u l t  i n  a p r o c e e d i n g s  volume, 
which i n  some c a s e s  p r o v i d e s  t h e  most comple te  a v a i l a b l e  
documenta t ion  of t h e  v a r i o u s  models.  

So t h e  e f f o r t s  o f  IIASA's s m a l l  core--70 s c i e n t i s t s - - a r e  
a m p l i f i e d  many t i m e s  a s  t h e y  t r a v e l  outward t h r o u g h  t h e  
s u c c e s s i v e  l a y e r s  o f  o u r  i n t e r n a t i o n a l  network.  

IIASA'S RESULTS 

I have a l r e a d y  d e s c r i b e d  s e v e r a l  consequences  t h a t  IIASA's 
work h a s  had. Of c o u r s e ,  t h e  n a t u r e  and e x t e n t  o f  o u r  r e s u l t s  
a r e  m a t t e r s  t h a t  e v e r y  p a r t i c i p a n t  i n  t h i s  Conference  w i l l  
b e  c o n s i d e r i n g .  Each w i l l  a sk :  i s  IIASA w o r t h  what  it c o s t s ?  
Can it promise  r e s u l t s  commensurate w i t h  t h e  r e s o u r c e s  it 
engages?  

Each of  you w i l l ,  o f  c o u r s e ,  form h i s  own answers  t o  t h o s e  
q u e s t i o n s .  A s  a n  a i d  d u r i n g  t h o s e  d e l i b e r a t i o n s ,  it may b e  
h e l p f u l  t o  have a c l a s s i f i c a t i o n  o f  t h e  t y p e s  o f  r e s u l t s  we 
e x p e c t  t o  produce.  

1. F i n d i n g s  A p p l i c a b l e  i n  a S i n g l e  Nat ion  

The f i r s t  and most d i r e c t  r e s u l t  of  IIASA's work w i l l  be  
s p e c i f i c  f i n d i n g s  a p p l i c a b l e  i n  a s i n g l e  n a t i o n .  

- The work of  t h e  Ecology p r o j e c t  on t h e  management o f  
t h e  s p r u c e  budworm i n  New Brunswick i s  a l r e a d y  b e i n g  
employed i n  Canada. 



- The Energy p r o j e c t ' s  de t e rmina t ion  t h a t  wi th  c u r r e n t  
o i l  p r i c e s  s o l a r  e l e c t r i c  energy may be economical ly 
v i a b l e  i n  A u s t r i a  has  l e d  t h e  A u s t r i a n  government t o  
i n v e s t i g a t e  t h a t  p o s s i b i l i t y  i n  more d e t a i l .  

- The work ou r  Water p r o j e c t  i s  doing  i n  con junc t ion  
wi th  t h e  Hungarian Na t iona l  Water Au tho r i t y  on 
development of t h e  T i sza  River  Basin i s  of  d i r e c t  
va lue  i n  Hungary's c u r r e n t  p lanning .  

2 .  F ind ings  Appl icable  i n  Many Nat ions  

Although we a r e  happy t o  have achieved  such r e s u l t s  f o r  
i n d i v i d u a l  n a t i o n s ,  we f e e l  t h a t  IIASA's r o l e  does  no t  c o n s i s t  
fundamentally i n  producing s i n g l e  e f f e c t s .  Rather ,  we work i n  
i n d i v i d u a l  n a t i o n s  a s  p a r t  of t h e  d i s c i p l i n e  of p repa r ing  
f i n d i n g s  t h a t  have u n i v e r s a l  va lue- - tha t  can be used by many 
n a t i o n s .  

Thus, t h e  nex t  s t e p  i n  o u r  Ecology p r o j e c t  i s  t o  ex tend  
t h e  f i n d i n g s  on t h e  sp ruce  budworm s o  t h a t  t hey  become r e l e v a n t  
t o  c o n t r o l  of t h a t  and s i m i l a r  f o r e s t  p e s t s  i n  o t h e r  c o u n t r i e s .  
I n  t h e  same way, we a r e  ex tending  t h e  r e s u l t s  of ou r  c a s e  s tudy  
of s o l a r  energy i n  A u s t r i a  t o  o t h e r  c o u n t r i e s  i n  c e n t r a l  Europe. 
We a r e  looking ,  a s  w e l l ,  a t  t h e  g e n e r a l  problem of i n t e g r a t i n g  
t h e  n a t u r a l l y  f l u c t u a t i n g  e l e c t r i c  energy supp l i ed  by s o l a r  
means i n t o  e x i s t i n g  energy systems. These s t u d i e s  w i l l  be of 
v a l u e  t o  a l l  n a t i o n s  contempla t ing  s o l a r  e l e c t r i c  power 
gene ra t ion .  

S i m i l a r l y ,  o u r  work on t h e  T i s z a  b a s i n  i n  Hungary i s  p a r t  
o f  a  l a r g e r  a c t i v i t y  whose purpose i s  t o  d e r i v e  f i n d i n g s  of 
va lue  t o  r i v e r - b a s i n  managers i n  many d i f f e r e n t  c o u n t r i e s ,  
i nc lud ing  Poland,  Bu lga r i a ,  and I t a l y .  

3 .  Methodologies t o  Aid Na t iona l  Decision-Making 

Some of  our  r e s u l t s  w i l l  be of  r e l evance  t o  p a r t i c u l a r  
d e c i s i o n s  o r  groups of d e c i s i o n s .  But one of IIASA's d i s t i n -  
gu i sh ing  f e a t u r e s  is i t s  c o n c e n t r a t i o n  on problems t h a t  demand 
and i n s p i r e  t h e  development of new t echn iques .  A t  t h e  same 
t ime we have a  f i r s t - c l a s s  team of methodological  s p e c i a l i s t s .  
Consequently,  we expec t  t h a t  a  major p a r t  o f  IIASA's r e s u l t s  
w i l l  be new, r e f i n e d ,  o r  extended methodologies .  For  example, 
t h e  o v e r a l l  g o a l  of o u r  Ecology p r o j e c t  ha s  been t o  develop  
methodologies  f o r  e c o l o g i c a l  system management. I n  p a r t i c u l a r ,  
one c a s e  s tudy  has  focused on methods f o r  s tudy ing  t h e  environ-  
mental  consequences of a l t e r n a t i v e  r e g i o n a l  energy p o l i c i e s .  
You w i l l  h ea r  more about  t h i s  work, c a r r i e d  o u t  i n  t h e  USA, 
France ,  and t h e  GDR.* 

* 
See W. F o e l l ,  t h i s  volume. 



4. Global Context for National Decision-Making 

Sometimes the important result of our work is the global 
context we can provide to assist national decision makers. 
For example, both our global energy and our global food 
studies will examine the likely patterns of global supply and 
demand in these key resources. These studies, conducted 
at IIASA with the collaboration of scientists from many 
different countries, will, we hope, provide better information 
about global trends and interactions than can be constructed 
by national groups acting alone. Their availability should 
prove valuable to national decision makers and their staffs. 

International decision makers are not so easily identified 
as national ones. They occupy positions in international 
agencies and enterprises; they sit on international commissions 
and attend international conferences; in large measure, all 
of us--when acting in our national capacities--are international 
decision makers in this interdependent world. 

5. Information for International Decision-Making 

One of IIASA's central goals is to assist in international 
decision-making. An important way in which we can do so is 
by providing information. Because the community of decision 
makers is so diffuse, this information may not take the form 
of precise recommendations for particular persons. Rather, it 
may appear as a report addressed to a very wide audience. Our 
examination of the medium- and long-term prospects for the 
global energy system will include such reports among its pro- 
ducts. They will provide a broad global perspective about the 
future supply of energy and the options for satisfying demand, 
as well as an indication of alternative strategies that might 
be pursued nationally and internationally. No single decision 
maker will be able to implement our findings; thousands of 
decision makers should find it useful to have them. 

6. Methodologies to Aid International Decision-Making 

Another type of contribution we can make to international 
decision-making is methodological. For example, we have 
received a three-year grant from UNEP to develop and disseminate 
methods for comparing energy options. We shall be working 
jointly with the IAEA and the world Health Organization (WHO) in 
this effort. 

7. Contribution to Scientific and Technological Knowledge 

Although we are an applied research institution with our 
primary focus on preparing results of value to decision makers, 
it is both essential and natural for us to produce results of 
general scientific and technological relevance. For example, 
our ecologists proposed early in IIASA's development that an 
important criterion of system performance was what they called 
"resilience". Intuitively, they defined the term as a system's 



ability to absorb and recover from unanticipated shocks. The 
concept quickly gathered support from other projects, espe- 
cially Energy. But there was no practical quantitative defi- 
nition of resilience that could be used in system evaluation. 
In recent months our methodologists have developed a promising 
approach defining resilience. Should these results gain 
acceptance, they will constitute a contribution to the wider 
scientific community as well as a practical benefit to IIASA's 
own research. 

8. Exchange of Experience and Methods 

Because IIASA is a meeting ground for scientist from many 
countries who come as long- or short-term staff members, visi- 
tors, and conference participants, it naturally facilitates 
the exchange of experience and methods. For example, the cen- 
tral focus of our work in the biomedical field is the devel- 
opment of dynamic models of national health care systems through 
the collaboration of individuals and groups in the Soviet Union, 
Great Britain, Austria, Canada, and Japan. A core group at 
IIASA interlinks the efforts, but more direct exchange will 
occur through visits to IIASA of several months or longer by 
scientists from each participating activity. 

9. Stimulating Research Elsewhere 

A crucial part of science--both basic and applied--is 
asking the right question. We feel that IIASA has an important 
function in this respect. Our international setting and inter- 
disciplinary approach give us a view of issues and scientific 
developments that differs from those open to national research 
institutions in a single descipline. Often this leads us to 
identify important gaps in knowledge or application that are 
not so visible elsewhere. At the same time, we have neither 
the resources nor the inclination to pursue all these questions 
ourselves. Thus, we seek to stimulate research in national 
institutions, as we have done in the NCAR and other research 
groups with which we are in contact. 

10. Linking Research Elsewhere 

Sometimes we are able to serve better as intermediaries 
than as stimulators of work. An example is the work in our 
Human Settlements and Services area on the dynamics of urban 
growth and national settlement policy. This, with support 
from the Ford Foundation, is engaging research institutions 
in North America, Eastern and Western Europe, and Japan, in 
the coordinated gathering, structuring, and analysis of data 
about the dynamics of urban economic regions. This linked 
network of institutions would have been extremely difficult 
to create outside the IIASA framework. Not only does IIASA 
benefit, but so do the participating institutions, who obtain 
comparative data in comparable formats that would otherwise 
have been inaccessible. 



Another example i s  ou r  work on management and c o n t r o l  sys -  
t e m s  i n  t h e  s teel  i n d u s t r y .  Through t h e  c o o p e r a t i o n  of  indus-  
tr ies i n  Europe, North America, and Japan ,  s c i e n t i s t s  i n  t h e  
I n t e g r a t e d  I n d u s t r i a l  Systems p r o j e c t  p r epa red  a  s t a t e - o f - t h e -  
a r t  su rvey  on i n t e g r a t e d  c o n t r o l  sys tems .  T h i s  was fo l lowed 
by a  major  con fe r ence  a t  which p a r t i c i p a t i n g  i n d u s t r i e s  c o u l d  
exchange e x p e r i e n c e s  and methods f o r  i n d u s t r i a l  management. 
T h i s  is  a  c a s e  where IIASA's r e s u l t s  a r e  d i r e c t l y  t r a n s f e r a b l e  
t o  d e c i s i o n  makers i n  i n d u s t r y ,  and w e  have r e c e i v e d  f a v o r a b l e  
r e a c t i o n s  t o  t h e  survey  and t h e  c o n f e r e n c e  from many of t h e  
p a r t i c i p a t i n g  i n d u s t r i e s ,  i n c l u d i n g  t h e  Uni ted  S t a t e s  S t e e l  
Co rpo ra t i on  and t h e  M i n i s t r y  o f  I n s t r u m e n t s  and Automation i n  
t h e  S o v i e t  Union. 

I canno t  l e a v e  t h i s  c a t e g o r y  of r e s u l t s  w i thou t  ment ioning 
one e f f o r t  t h a t  combines b o t h  s t i m u l a t i o n  and l i n k a g e .  T h i s  
i s  what w e  c a l l  t h e  IIASA computer network p r o j e c t .  I t  a r o s e  
from two t y p e s  o f  need:  f i r s t ,  o u r  need t o  g a i n  a c c e s s  t o  
computing r e s o u r c e s  i n  t h e  home i n s t i t u t i o n s  of ou r  s c i e n t i s t s  
and i n  c o l l a b o r a t i n g  i n s t i t u t i o n s ;  and - - r ec ip roca l l y - - t he  
s c i e n t i s t s '  need t o  r e t a i n  c o n t a c t  w i t h  IIASA when t h e y  r e t u r n  
t o  t h e i r  home i n s t i t u t i o n s ,  and ou r  c o l l a b o r a t i n g  i n s t i t u t i o n s '  
d e s i r e  t o  have a c c e s s  t o  o u r  programs and d a t a .  IIASA's 
a c t i v i t i e s  have t r i g g e r e d  an  i n t e r n a t i o n a l  e f f o r t  by teams 
i n  many of ou r  NMO c o u n t r i e s ,  c o o r d i n a t e d  n o t  o n l y  th rough  
u s  b u t  d i r e c t l y  w i t h  one a n o t h e r .  

11. Educa t ion  i n  Systems A n a l y s i s  

The f i n a l  t y p e  o f  r e s u l t s  t h a t  I want t o  ment ion conce rns  
human r e s o u r c e s .  I f e e l  t h a t  t h e  most impor t an t  impact  o f  
IIASA's a c t i v i t i e s  w i l l  b e  t h e i r  e f f e c t  on t h e  peop l e  from 
many d i f f e r e n t  c o u n t r i e s  who w i l l  have s p e n t  t i m e  a t  Laxenburg 
o r  come i n t o  some c o n t a c t  w i t h  t h e  I n s t i t u t e .  

Some o f  t h i s  e f f e c t  w i l l  o ccu r  t h rough  e d u c a t i o n a l  programs. 
W e  e x p e c t  t o  o r g a n i z e  formal  c o u r s e s  i n  t h e  n e a r  f u t u r e ;  and 
w e  have begun a n  a c t i v i t y  whose purpose  i s  t o  de t e rmine ,  
s y s t e m a t i z e ,  and d i s s e m i n a t e  t h e  i n t e r n a t i o n a l  s t a t e  o f  t h e  a r t  
o f  a p p l i e d  sys tems  a n a l y s i s .  The r e s u l t s  o f  t h i s  Survey p r o j e c t  
w i l l  i n c l u d e  a  Handbook of Applied Systems A n a l y s i s  and a  series 
o f  volumes on p a r t i c u l a r  a s p e c t s  o f  t h e  s u b j e c t .  

12 .  P r e p a r a t i o n  of Systems A n a l y s t s  f o r  Advanced C a r e e r s  

But I f e e l  t h a t  t h e  most impor t an t  b e n e f i t s  w i l l  o c c u r  
t h rough  t h e  e f f e c t s  o f  t h e  IIASA e x p e r i e n c e  on t h e  s c i e n t i s t s  
who spend t i m e  a t  t h e  I n s t i t u t e .  What a  s c i e n t i s t  p u b l i s h e s  
i n  h i s  r e p o r t s  c a n  be  o n l y  a  s m a l l  p o r t i o n  of  what he  h a s  
l e a r n e d  i n  s t u d y i n g  a  problem. T h i s  i s  e x p e c i a l l y  t r u e  of 
t h o s e  who work i n  i n t e r d i s c i p l i n a r y  r e s e a r c h  teams a d d r e s s i n g  
r e a l  p o l i c y  i s s u e s .  The knowledge t hey  g a i n  is  a  form of  
i n t e l l e c t u a l  c a p i t a l  t h a t  can  be  drawn on ove r  and ove r  a g a i n ,  
and t h a t  remains  w i t h  them a s  t h e y  r e t u r n  t o  t h e i r  home 



i n s t i t u t i o n s .  Thus, a  r e s u l t  o f  c o n s i d e r a b l e  v a l u e  t o  e ach  
NMO c o u n t r y  i s  t h e  knowledge embodied i n  each  IIASA alumnus. 
Of c o u r s e ,  what seems t o  u s  most impor t an t  i s  t h a t  t h e  
l e a r n i n g  expe r i ence  is d i f f e r e n t  from t h a t  a v a i l a b l e  else- 
where; f o r  a t  IIASA, each  s c i e n t i s t  h a s  t h e  o p p o r t u n i t y  t o  
see problems from a b roade r  pe r spec t i ve - -bo th  i n t e r n a t i o n a l  
and i n t e r d i s c i p l i n a r y - - t h a n  he  would have a t  h i s  home 
i n s t i t u t i o n .  

So I hope t h a t  t h o s e  who a r e  concerned  abou t  IIASA's 
b e n e f i t s  w i l l  keep t h i s  c a t e g o r i z a t i o n  of  r e s u l t s  i n  t h e  back 
of  t h e i r  minds. Although n o t  y e t  comple te ,  it s u g g e s t s  t h e  
mu l t i d imens iona l  view w e  have of ou r  o b j e c t i v e s .  

Perhaps  I can summarize what I have s a i d  a s  f o l l ows :  
IIASA b r i n g s  t o g e t h e r  s c i e n t i s t s  from many na t ions- -hav ing  
wide ly  d i f f e r i n g  economic, s o c i a l ,  and p o l i t i c a l  systems-- to  
c o n s i d e r  t h e  impor t an t  problems f a c i n g  mankind. I t  makes t h e i r  
f i n d i n g s  a v a i l a b l e  t o  n a t i o n a l  and i n t e r n a t i o n a l  d e c i s i o n  
makers ,  t h e  s c i e n t i f i c  community, and t h e  p u b l i c .  

CONFERENCE PURPOSES 

The IIASA Conference  i s  an  i n t e g r a l  p a r t  of IIASA's 
a c t i v i t i e s .  According t o  t h e  I n s t i t u t e ' s  C h a r t e r ,  s i gned  by 
r e p r e s e n t a t i v e s  of t h e  12  founding  Member O r g a n i z a t i o n s  i n  
October  1972: 

The Conference of t h e  I n s t i t u t e  is t h e  major  forum f o r  
p rov id ing  broad s c i e n t i f i c  and t e c h n i c a l  a d v i c e  t o  t h e  
Counc i l  and t h e  D i r e c t o r ;  f o r  encourag ing  t h e  programs 
of  t h e  I n s t i t u t e  and l i n k i n g  them w i t h  t h e  r e s e a r c h  
e f f o r t s  of o t h e r  n a t i o n a l  and i n t e r n a t i o n a l  i n s t i t u t i o n s ;  
and f o r  f o s t e r i n g  unde r s t and ing  of t h e  work of t h e  
I n s t i t u t e .  

I n  o r g a n i z i n g  t h e  f i r s t  IIASA Conference w e  t r i e d  t o  s e r v e  
a l l  t h r e e  purposes .  

A s  you examine t h e  Conference p a p e r s ,  w e  would l i k e  you 
t o  keep  t h r e e  q u e s t i o n s  i n  mind. They a r e :  

- What should  IIASA's f u t u r e  r e s e a r c h  program i n c l u d e ?  

- How can  IIASA improve i t s  l i n k a g e  w i t h  o t h e r  r e s e a r c h  
e f f o r t s ?  

- Who should  know abou t  IIASA's work, and how can  t h e y  
be reached?  

Each of t h e s e  q u e s t i o n s  co r r e sponds  t o  one of t h e  Conference  
purposes .  A s  w e  p l a n  t h e  development of t h e  I n s t i t u t e ,  it 
would be a  s i g n i f i c a n t  h e l p  t o  have your  r e sponse s  t o  t h e s e  
q u e s t i o n s .  



I hope t h a t  t h e  s p i r i t  of t h e  f i r s t  IIASA Conference w i l l  
be t h e  s p i r i t  t h a t  pervades IIASA--one i n  which persons from 
many n a t i o n s  can work t o g e t h e r  i n  an o b j e c t i v e ,  f r a n k ,  and 
f r i e n d l y  way on t h e  problems t h a t  a l l  of us ,  a s  r e s i d e n t s  of  
t h e  same p l a n e t ,  share .  



Dinner Address 

McGeorge Bundy 

It's an enormous pleasure to be here and to see what has 
happened to the dream that not I alone, but many others had al- 
most ten years ago. 

One should begin, I think, by expressing again our deep in- 
debtedness to our hosts in Austria. At the beginning of this 
century, Woodrow Wilson tried to describe what he thought the 
modern institution of higher learning--in his case, Princeton 
University--should be. He used a phrase that I have had in my 
mind all day today: "A great institution will give an atmo- 
sphere to breathe." This is what Austria has done for IIASA, 
and we are all deeply in her debt. 

Beyond that, one must understand how deep the origins of 
this institution are. In the initial diplomatic phases, I went 
to Ambassador Dobrynin; he communicated with Moscow, and I soon 
found myself talking with Gvishiani. I did not know until that 
meeting that the study of management science, and a concern 
with its meaning beyond the boundaries of the Soviet Union, had 
been in Gvishiani's mind for years. I perhaps knew, but did 
not fully understand, how great the interest was in the United 
States at that time in gaining an understanding of complicated 
problems that went beyond the boundaries of that nation. 

I have been reminded this evening by friends from the 
United Kingdom that before there was systems analysis there was 
operations research. I think if we were to go back in the in- 
tellectual history of every nation that is now a party to this 
enterprise, we would find that systems analysis did not begin 
four years ago, or eight or ten years ago, but a long time back. 
What did happen was that a confluence of streams of intellectual 
activity was joined in 1966 and 1967 by a political concern. My 
instructions to discuss this matter came to me from the Presi- 
dent of the United States; and less than a year later they were 
reaffirmed by the President and by Prime Minister Kosygin at 
their meeting in Glassboro. 

The Institute was a political undertaking and an intellec- 
tual one, and neither could have succeeded without the other. 
That is, of course, how I got into it: I had learned about in- 
tellectual matters by working with John Fitzgerald Kennedy, and 
about political matters as Dean of the Harvard faculty for seven 
years. 



The fundamental principles that have made the Institute 
succeed are two. One is the enormously imaginative decision 
that it should be non-governmental, the invention of my friend 
Gvishiani. The other is a shared judgment that, as the enter- 
prise was subject to many hazards--it would involve many lan- 
guages, many different peoples, much uncertainty about its pur- 
pose, considerable doubt whether there was in fact a scientific 
discipline of systems analysis--it must be governed by a rig- 
orous insistence that intellectually it would be first class. 
And indeed, IIASA has displayed a splendid sense of academic 
and intellectual excellence: without that it would not be what 
it is. Right from the beginning, those who saw a political 
value in the Institute, and they were many, understood that 
there could be no value of any kind without the intellectual 
status of a research institution whose members could match their 
peers around the world in terms of the quality and integrity 
of their work, 

Now I dontt claim to understand systems analysis. But I 
can understand that what has been achieved here in a relatively 
short time is, in simple terms, the establishment of an insti- 
tute whose members, if they are not the best when they come, will 
be among the best very soon after. The Institute has put itself 
on the rising curve of intellectual quality in the world in 
which it chooses to work. This is an astonishing accomplishment 
for any organization whose real life is as short as ours. To 
stay on this rising curve is the requirement, and the guarantee, 
of our success. 

Now all this is splendid, But there is one serious diffi- 
culty. Here are some questions I am asked all the time, and 
they are not trivial: "Are systems analysts human? Are they 
people, or organic machines? Are they cheap copies of the lat- 
est computer? Are they the mechanical version of intellectual 
entropy? Do they live?" My answer, because I have optimism 
and good faith, has been "Yes, they are human." And I am going 
to defend that proposition. 

Now who asks these questions? There are those who don't 
believe that logic is a useful contribution to human affairs, 
who think that all organization is bad. They don't believe in 
systematic thought, so they disapprove of systems analysis. 
That doesn't seem too serious; graver criticism comes from with- 
in the trade. As always, dpnger lurks among those who know 
us best. 

I choose to steal my point for this evening from Ralph 
Strauch of the Rand Corporation--himself, I think, an analyst of 
quality. His view is that the process of maintaining good judg- 
ment while engaged in complex numerical analysis is not one to 
be ignored. He makes the point that the power and the undoubted 
value of systematic analysis require that a model be abstracted 
from reality. With luck, you can then put the model either on 
the back of an envelope or into the computer. If you are careful, 



t h e  t h i n g s  t h a t  happen on t h e  back of t h e  envelope a r e  hones t ;  
and t h e  t h i n g s  t h a t  happen i n  t h e  computer,  i f  you a r e  e q u a l l y  
e q u a l l y  c a r e f u l ,  a r e  a l s o  hones t .  

But t hen  you con f ron t  t h e  i n t e r e s t i n g  q u e s t i o n  whether what 
you have on t h e  envelope o r  i n  t h e  computer can  r e t u r n  t o  r e a l -  
i t y .  According t o  S t r auch ,  t h e r e  a r e  two p o s s i b i l i t i e s .  You 
may have what he would c a l l  a  genuine " su r roga t e" :  your a b s t r a c -  
t i o n  d i d  n o t . d o  t o o  much v i o l e n c e  t o  t h e  r e a l i t y  from which you 
a b s t r a c t e d  it and t o  which you r e t u r n  it. Where t h a t  is  true--  
and it can  be t r u e  i n  impor tan t  cases--with a  t r i m  and a s l i c e  
h e r e  and t h e r e  you w i l l  be a b l e  t o  say t h a t  your s k i l l s  have 
produced something impor tan t  and immediate, more t han  a  f i r s t  
approximation,  indeed  a f i r s t  answer t o  what i s  needed i n  t h e  
r e a l  s i t u a t i o n .  

But ,  s a y s  S t rauch ,  a  l o t  o f  t h e  t ime what you g e t  from r e a l -  
i t y  i n  your  f i r s t  a b s t r a c t i o n  i s  a "pe r spec t ive" .  You can t a k e  
t h a t  p e r s p e c t i v e  and perform upon it l o g i c a l l y ,  a n a l y t i c a l l y ,  and 
even mathemat ica l ly ,  and produce some answers. But t h e  perspec-  
t i v e  r e p r e s e n t s  o n l y  p a r t  o f  r e a l i t y ;  i f  you p u t  it back d i r e c t l y  
and t a k e  t h a t  f o r  a n  answer, you w i l l  p robably  be wrong. I t  is 
p o s s i b l e ,  i n  t h e  p roces s  of g e t t i n g  f i g u r e s ,  t o  l e a v e  o u t  enough 
of r e a l i t y  t h a t  when you t a k e  t h e  answers and p u t  them back, you 
can  be i n  t e r r i b l e  t r o u b l e .  The hazard  is t h a t  i n  t h e  enthusiasm 
of t h e  o p e r a t i o n  one might f o r g e t ,  o r  minimize, o r  n o t  t a k e  t h e  
t ime t o  t e l l  someone e l s e ,  what t h e  r i s k  is.  

S t r auch  suggests--and I f i n d  t h i s  ve ry  pe r suas ive - - tha t  t h e  
b e s t  i n su rance  a g a i n s t  t h a t  k ind  o f  e r r o r  i s  i n  f a c t  t o  be human 
-- to know t h e  l i m i t s  o f  t h e  p roces s  and c a r e  about  t h e i r  impact .  
And he  makes a  f u r t h e r  a s s e r t i o n  t h a t  I would s t r o n g l y  endorse :  
t h a t  t h e  k ind  of  people  who pe rce ive  t h e  l i m i t s  o f  t h e  p roces s  
a r e  most o f t e n  t h o s e  who unders tand  it b e s t .  I do n o t  c l a i m  t h a t  
t h e r e  i s  no mad gen ius  w i th  an enormous s k i l l  i n  mathematics  and 
no p e r c e p t i o n  o f  t h e  r e a l  human cond i t i on .  I am say ing  t h a t ' s  
n o t  t h e  normal s i t u a t i o n ,  and t h a t  it i s  a g rave  e r r o r  t o  assume 
a n a t u r a l  o p p o s i t i o n  between t h e  c a p a c i t y  t o  count  and t h e  
c a p a c i t y  t o  c a r e .  I t h i n k  i t ' s  t h e  o t h e r  way around,  and I t h i n k  
t h a t ' s  what IIASA i s  about .  I b e l i e v e  t h a t  i n  o u r  a s se r t i on - -  
t h a t  a n a l y s i s  counts  f o r  t h e  whole world today  a s  it never  has 
before-- there i s  i m p l i c i t  t h e  assumption t h a t  c a r i n g  about  hu- 
manity coun t s  a s  it never  has  be fo re .  

T h i s  i s  no appea l  t o  d e s e r t  t h e  numbers. We must make s u r e  
we use  them f o r  a l l  t h a t  t hey  have i n  them. I n  one sense  what 
I am s a y i n g  i s  no more t h a n  a  g l o s s  on Howard R a i f f a ' s  sp l end id  
q u o t a t i o n  from E i n s t e i n . *  To unders tand  t h e  genuine ly  enormous 
problems con f ron t ing  mankind r e q u i r e s  a n a l y s i s .  But it a l s o  re -  
q u i r e s  s t r o n g  human awareness of t h e  fu l l -b looded  r e a l i t y  t o  

* 
See H.  R a i f f a ,  t h i s  volume. 



which t h e  a n a l y s i s  r e l a t e s .  I t  i s  i n  t h i s  double requirement 
o f  h igh  i n t e l l e c t u a l  c a p a c i t y  and h igh  humanity t h a t  I f i n d  t h e  
meaning o f  IIASA. I f i n d  t h e r e  t h e  exp lana t ion  o f  t h e  d i s t a n c e  
it has  come and t h e  d i s t a n c e  it can go. 

The d i s t a n c e  we have come: why d i d  Gvishiani  pe r seve re?  
Why d i d  Handler pick up a  l a b o r  t o  which he owed nothing? I t ' s  
very  r a r e ,  when t o r c h e s  a r e  passed  from one management t o  ano the r ,  
t h a t  t h e  second s t a g e  is s t r o n g e r  than  t h e  f i r s t .  Why d i d  s o  
many people i n  s o  many c o u n t r i e s ,  West European c o u n t r i e s ,  E a s t  
European c o u n t r i e s ,  Canada, and Japan,  a s  they  heard  about  t h i s  
e n t e r p r i s e ,  p u t  a s i d e  n a t i o n a l  p r i d e  t o  j o i n  i n  t h i s  common 
ven tu re?  Why d i d  A u s t r i a  unders tand  it from t h e  beginning? 
Why d i d  such good people come, and why do we expect  such good 
people  i n  t h e  f u t u r e ?  

There may have been p r a c t i c a l  motives;  bu t  they  a r e  n o t  
enough t o  exp la in  what has  made t h i s  i n s t i t u t i o n  happen. The 
reason f o r  IIASA i s  human be ings  who a r e  looking  a t  t h e  enormous 
problems of  mankind wi th  a  growing conv ic t ion  t h a t  s h a r i n g  what 
t hey  know, and what they  know how t o  l e a r n ,  can help.  And t h e  
reason f o r  t h e  hope t h a t  IIASA can h e l p  i s  t h a t  it has  t h a t  
j o i n t  p o l i t i c a l  and i n t e l l e c t u a l  r o o t .  

So I w i l l  ask ou r  Chairman, i f  he w i l l ,  t o  j o i n  me i n  of -  
f e r i n g  a  t o a s t  t o  t h e  s t a f f  of  IIASA: p a s t ,  p r e s e n t ,  and f u t u r e ,  
may they  go from s t r e n g t h  t o  s t r e n g t h  a s  s c i e n t i s t s  because 
they  do t h e  same a s  people. 



GLOBAL PERSPECTIVES 





Introduction 

R.E. Levien 

The following section deals with two studies of global 
issues that IIASA is conducting: the Energy Systems study, 
directed by W. Hafele, and the Food and Agriculture study, 
directed by F. Rabar. The two studies have in common their 
concern with problems that cut across national boundaries, 
affecting in an inherent way more than one nation. Eventu- 
ally, what we learn in them will form the foundation for a 
more comprehensive investigation of future global development. 
But at this stage, they are addressed to essentially sectoral 
issues, and their findings will be directed to sectoral deci- 
sion makers. 

There are a number of significant differences between 
these studies, as well. One of the most important contrasts 
is in their stages of development. The Energy project was one 
of IIASA's first two research activities; it began in May 1973. 
Consequently, it is almost exactly half-way through its five- 
year lifetime. It is thoroughly engaged in the problem-analysis 
stage of its work, with a growing collection of results. 

In contrast, the Food and Agriculture study is just begin- 
ning this year, so it is in the problem-definition stage of 
its work. Thus, while Hafele reports some of the initial find- 
ings of his three years of work, Rabar discusses the problem 
perception that is shaping the first steps of his study. Such 
an initial perception is essential, but experience has shown 
that one early result of good systems analysis is a re-evaluation 
of the nature of the problem. Thus, we are not so concerned 
whether the first conception is exactly right, as whether it 
seems to be a fruitful point of entry into the problem area. 

Another difference between the two studies is their time 
horizons. The Energy program is focusing on the medium to 
long term, while the Food program is addressed initially to 
the short to medium term. This difference follows directly 
from the problem analysis each group has conducted, which led 
each of them to see the problem's critical phase in different 
time intervals. 

A third difference between the two examples is in their 
analytical direction. The Energy program proceeds from the 
top down. It studies the global energy system as a whole and 
from that view derives consequences at the national level. The 
Food study, in contrast, proceeds from the bottom up. It will 
begin with studies of individual national policies and then 



examine how they  f i t  t oge the r .  I t  i s  no t  p o s s i b l e  t o  say  
whether one o r  t h e  o t h e r  of  t h e s e  approaches is " t h e  r i g h t  one". 
Rather ,  each seems t o  be appropr i a t e  i n  t h e  given circumstances.  

The f i n a l  c o n t r a s t  between t h e  two c a s e s  concerns t h e  type  
o f  i s s u e s  emphasized. In  t h e  Energy s tudy,  t h e  c e n t r a l  focus  
is  on t echno log ica l  m a t t e r s .  The Food s tudy,  however, is 
concen t ra t ing  on i n s t i t u t i o n a l  ma t t e r s .  Again, t h e s e  d i f f e r -  
ences  seem e n t i r e l y  i n  l i n e  wi th  d i f f e r e n c e s  between t h e  t o p i c s .  

These two s t u d i e s ,  a s  I noted e a r l i e r ,  a r e  t h e  f i r s t  i n  
what w i l l  even tua l ly  be a s e r i e s  of examinations of  such g l o b a l  
i s s u e s .  Other cand ida te s  inc lude  popu la t ion ,  water ,  c l i m a t e ,  
and environment. But s i n c e  each s tudy  can be expected t o  t a k e  
about  f i v e  yea r s  and t o  engage l a r g e  teams both  a t  IIASA and 
i n  c o l l a b o r a t i n g  i n s t i t u t i o n s ,  wi th  our  c u r r e n t  resource  l e v e l s  
t h e s e  o t h e r  t o p i c s  w i l l  have t o  wa i t .  

Both studies--Energy and Food--will address  t h e i r  r e s u l t s  
t o  s e v e r a l  d i f f e r e n t  audiences.  These r e s u l t s  i nc lude  informa- 
t i o n ,  methodologies, and a l t e r n a t i v e  s t r a t e g i e s  o r  p o l i c i e s .  
They w i l l  be d i r e c t e d  t o  d e c i s i o n  makers having i n t e r n a t i o n a l  
r e s p o n s i b i l i t i e s ,  t o  those  a t  t h e  n a t i o n a l  l e v e l ,  t o  t h e  
s c i e n t i f i c  community, and t o  t h e  gene ra l  pub l i c .  

Both i s s u e s  a r e  c r u c i a l  t o  f u t u r e  g l o b a l  development. 
IIASA cannot so lve  them; but  we hope t h a t  by b r ing ing  our  i n t e r -  
n a t i o n a l ,  a n a l y t i c a l  approach t o  bea r ,  w e  can make a s i g n i f i c a n t  
c o n t r i b u t i o n  t o  t h e i r  eventual  r e s o l u t i o n .  



Energy Systems: Global Options and S t r a t e g i e s  

W. ~ a f e l e  

INTRODUCTION 

IIASA's work on energy systems c o n c e n t r a t e s  mainly on t h e  
medium- and long-range a s p e c t s  of  t h e  problem. Th i s  is n a t u r a l ,  
s i n c e  a number o f  n a t i o n a l  groups a r e  c o n c e n t r a t i n g  on t h e  sho r t -  
and medium-range a s p e c t s .  The l a t t e r  s t u d i e s  r e q u i r e  l a r g e  d a t a  
bases ,  a r e  manpower-intensive, and vary  s i g n i f i c a n t l y  from 
count ry  t o  coun t ry ,  and t h e i r  methodological  i m p l i c a t i o n s  seem 
t o  be  understood,  a t  l e a s t  t o  some e x t e n t .  By c o n t r a s t ,  t h e  
medium- and long-range q u e s t i o n s  t end  t o  be  g l o b a l  i n  n a t u r e ,  
and pose p a r t l y  new methodological  problems. They r e q u i r e  s t r o n g  
i n t e r n a t i o n a l  coope ra t ion ,  and it appears  t h a t  even a smal l  group 
can make a c o n t r i b u t i o n  here .  

Our s tudy  of  t h e  energy problem is  an  example of  systems 
a n a l y s i s  of a  g l o b a l  i s s u e .  ~ m p h a s i s  i s  g iven  t o  t h e  methodology 
of  t h e  a n a l y s i s ,  i n  t h e  hope t h a t  t h e  format and methods can be 
more g e n e r a l l y  a p p l i e d .  A t  t h e  same t ime ,  a  c o n t r i b u t i o n  i n  
subs t ance  i s  t o  be made. Large investment  d e c i s i o n s  a r e  ahead 
of us ;  e x p l o i t a t i o n  of t h e  North Sea o i l ,  and t h e  deployment of  
l a r g e - s c a l e  nuc lea r  power o r  hot-water d i s t r i c t  h e a t i n g  i n s t a l l a -  
t i o n s ,  a r e  examples. Investment  problems a r e  p a r t i c u l a r l y  p re s s -  
i n g  i n  t h e  developing  c o u n t r i e s ,  where demands a r e  g r e a t  and 
r e sources  low. Thus a f o c a l  p o i n t  of  ou r  work on energy systems 
i s  t o  a s s i s t  t h e  d e c i s i o n  maker. 

ENERGY DEMAND 

For an unders tanding  of g l o b a l  energy demand i n  t h e  medium- 
and long-range f u t u r e ,  it is  h e l p f u l  t o  r e a l i z e  t h a t  t h e r e  a r e  
t h r e e  r easons  f o r  t h e  p e r s i s t i n g  i n c r e a s e  i n  demand: t h e  r i s i n g  
pe r  c a p i t a  s h a r e ,  p a r t i c u l a r l y  i n  developing  c o u n t r i e s ;  i n d u s t r i a l  
growth i n  developed c o u n t r i e s ;  and t h e  growth i n  t h e  w o r l d ' s  
popu la t ion .  

F igu re  1 shows t h e  p r e s e n t  d i s t r i b u t i o n  o f  energy consumption 
p e r  c a p i t a ,  w i th  a  mean va lue  o f  2 kW/cap. The m a j o r i t y  of t h e  
popu la t ion  l i v e s  w i th  a  consumption c l o s e  t o  0.2 kW/cap. I t  i s  
probable  t h a t  t h i s  ve ry  uneven d i s t r i b u t i o n  w i l l  smoothen; while  
a t  p r e s e n t  t h e  pe r  c a p i t a  consumption i n c r e a s e s  by 0 .2%/year t  
t h i s  would l e a d  t o  a  g r e a t e r  i n c r e a s e  i n  t h e  mean va lue .  



Figure 1. Distribution of per capita energy consumption in 1971. 

After: Charpentier, IIASA 

It is revealing to study consumption patterns in the 
triangle formed by industry, services, and agriculture (Figure 2). 
Work on the energy content of goods and services--also known as 
energy analysis--concentrates on the construction of certain 
life-style scenarios without explicitly dealing with prices, as 
an aid to the study of longer-range considerations. For shorter- 
range aspects, it is econometric methods that help one to under- 
stand energy demand. Nordhaus and Tsvetanov have conceived an 
econometric schema for treating statistical data from East and 
West on the same basis. Much information was collected at a 
IIASA conference on energy demand [ I ] .  
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Figure 2. GNP structures of countries. 



Figure  3 g i v e s  a rough s c e n a r i o  f o r  long-range energy demand 
based on UN e s t i m a t e s  of  world popula t ion  growth. The 3 kW/cap 
f i g u r e  r e f e r s  t o  a  per  c a p i t a  i n c r e a s e  t h a t  c o i n c i d e s  with t h a t  
of t h e  p a s t ;  2 kW/cap r e p r e s e n t s  t h e  p r e s e n t  mean. I n  view of 
t h e  a n t i c i p a t e d  smoother d i s t r i b u t i o n  of p e r  c a p i t a  consumption, 
5 kW/cap i s  more l i k e l y ;  and perhaps we can  expect  even h ighe r  
va lues .  S t a r t i n g  from t o d a y ' s  va lue  of  7 TW, t h i s  l e a d s  t o  
something l i k e  70 TW. We must t h e r e f o r e  reckon wi th  a f a c t o r  
of  10, and t h i s  may be on t h e  low s i d e .  
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Figure 3. Global energy scenarios. 

Source: 121 

RESOURCES AND OPTIONS FOR LARGE-SCALE ENERGY SUPPLY 

The t r a d i t i o n a l  approach t o  t h e  energy problem is t o  ask 
f o r  energy s u p p l i e s  s u f f i c i e n t  t o  meet a  g iven o r  a n t i c i p a t e d  
demand. One may c a l l  t h i s  t h e  supply-oriented approach. Accord- 
i n g l y ,  t h e  obse rva t ion  i s  o f t e n  made t h a t  we a r e  s h o r t  o f  f o s s i l  
f u e l .  T h i s  i s  t r u e  f o r  cheap o i l  and gas .  With t h e  e x i s t i n g  
t e c h n i c a l  i n f r a s t r u c t u r e  and t h e  r e l a t e d  energy p r i c e s ,  it i s  
u n l i k e l y  t h a t  t h e  expected demand can be met f o r  more than  50 
y e a r s  o r  so .  But t h e s e  50 yea r s  do n o t  r e f l e c t  a l i m i t  a s  such. 



Coal, nuclear  and s o l a r  power, and probably a l s o  geothermal power 
provide t h e  p o s s i b i l i t y  of very l a r g e  amounts of energy. But 
fundamental problems of changing t h e  e x i s t i n g  i n f r a s t r u c t u r e  
always come up. A f i r s t  case i n  po in t  i s  coal .  

The Coal Option 

Table 1 g ives  d a t a  on f o s s i l  energy resources .  I t  i s  s t r i k -  
ing  t o  r e a l i z e  t h a t  i n  p r i n c i p l e  t h e r e  i s  more c o a l  i n  t h e  FRG 
than o i l  i n  t h e  Middle East .  Worldwide coa l  resources  a r e  about 
20 t imes a s  l a r g e  a s  o i l  resources .  This appears t o  be reassur ing  
but i s  n o t  of immediate help.  The a c c e s s i b i l i t y  and t h e  economic 
a t t r a c t i v e n e s s  of such resources  pose severe  l i m i t s .  The harves t -  
ing  of c o a l  a l s o  involves t h e  handling of l a r g e  amounts of ground- 
water ,  r e q u i r e s  energy investments,  and has s t rong  impl ica t ions  
f o r  land use,  t h e  consumption of a u x i l i a r y  m a t e r i a l s ,  and manpower. 
McKelvey, of t h e  US Geological Survey, introduced h i s  now famous 
diagram a s  l a t e  a s  1974 (Figure 4 ) .  I t  d i s t i n g u i s h e s  degrees of 
geo log ica l  assurance and economic r e c o v e r a b i l i t y ,  thus  leading 

9 
Table 1. F o s s i l  energy resources  i n  10 t of coa l  equivalent  

(1 t . c . e .  2.92 10'' Wsec). 

Source: [31 

t o  t h e  fundamental d i s t i n c t i o n  between resources  and rese rves .  
This  approach was extended by M. Grenon of our group and l a b e l l e d  
WELMM--w_ater, energy,  l and ,  % a t e r i a l ,  m_anpower--a multidimensional 
space i n  which t h e  h a r v e s t a b i l i t y  of resources  must be assessed.  
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McKelvey diagram (1974 US coal data in 10%). 

I n  Table 2 ,  d a t a  a r e  given f o r  l i g n i t e  mining i n  t h e  FRG. 
It i s  seen  t h a t  t h e  mine i s  mostly a f a c i l i t y  f o r  handl ing  wa te r ,  
second f o r  overburden,  and only  t h e n  f o r  l i g n i t e  i t s e l f .  A 
conference  he ld  a t  IIASA i n  May 1975 d e a l t  w i th  t h e s e  gene ra l i zed  
c o n s t r a i n i n g  a s p e c t s  of  e x i s t i n g  r e sources ;  t h e  proceedings  form 
t h e  b a s i s  o f  a book t o  be publ i shed  s h o r t l y  [ 4 ] .  

IDENTIFIED 

Table  3 shows t h e  r e l a t i o n  of r e s o u r c e s  t o  economical ly 
r ecove rab le  r e s e r v e s ,  and t h e  non-uniform d i s t r i b u t i o n  o f  known 
r e s e r v e s .  The USA, t h e  USSR, and China have t h e  l i o n ' s  s h a r e ,  
and t h e  remainder i s  a l s o  unevenly spread .  The d i s t r i b u t i o n  of  
r e s e r v e s  a c c e s s i b l e  by s t r i p  mining,  l eav ing  a s i d e  t h e  l i m i t e d  
l i g n i t e ,  i s  very  unfavorable  f o r  Europe and f a v o r a b l e  f o r  t h e  
USA. Th i s  geographica l  imbalance, w i th  a l l  i t s  p o l i t i c a l  impl i -  
c a t i o n s ,  must be  k e p t  i n  mind i f  one wants  t o  p repa re  f o r  t h e  
l a r g e - s c a l e  use  of c o a l  i n  t h e  long term. T ranspor t a t ion  ove r  
l a r g e  d i s t a n c e s ,  be it of primary o r  secondary energy,  w i l l  
a lmost  c e r t a i n l y  be a p r i n c i p a l  f e a t u r e  o f  t h e  g l o b a l  l a r g e - s c a l e  
use of c o a l .  But t h i s  i s  by no means t h e  only  problem. Coal has  
run i n t o  a fundamental dichotomy: even a t  t h e  p r e s e n t  s c a l e  o f  
a v a i l a b i l i t y ,  f o r  i n s t a n c e  i n  Europe, i t s  market sha re  is  con- 
s t a n t l y  going down. Th i s  i s  shown f o r  t h e  case  of  t h e  FRG i n  
Figure  5. F igure  5a shows t h e  r e l a t i v e  market  s h a r e  between 
1950 and 1980, f a l l i n g  t o  an expected va lue  of 10% around 1980. 
F igure  5b shows a cont inued i n c r e a s e  i n  c o a l  consumption only  
f o r  t h e  s t e e l  i n d u s t r y  and e l e c t r i c i t y  g e n e r a t i o n ,  whi le  a l l  
o t h e r  u s e s  a r e  v i r t u a l l y  e l imina ted .  
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T a b l e  2.  M a t e r i a l  b a l a n c e  f o r  G a r s d o r f  mine,  FRG. 

9 T a b l e  3. World c o a l  r e s o u r c e s  and  r e s e r v e s  i n  10  t o f  c o a l  
e q u i v a l e n t  (1  t .c .e .  292 - 101° Wsec). 
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Figure 5. Market shares F of coal. FRG. 

The steel  i n d u s t r y  i s  a  s p e c i a l  c a s e ,  a s  it r e q u i r e s  c o a l  
l a r g e l y  a s  a  chemica l .  The c a s e  o f  e l e c t r i c i t y  e x p l a i n s  t h i s  
phenomenon: t h e  market  t e n d s  s t r o n g l y  t o  t h e  u s e  o f  a  c l e a n  
and  v e r s a t i l e  form o f  secondary  e n e r g y .  F i g u r e  6 i l l u s t r a t e s  
t h i s  t r e n d  f o r  secondary  e n e r g y  i n  g e n e r a l ,  a g a i n  f o r  t h e  FRG. 
S o l i d  f u e l  h a s  a  marked downward t r e n d .  Wi th in  a  c h a r a c t e r i s t i c  
t i m e  p e r i o d  o f  2 5 . 4  y e a r s ,  t h e  e q u i v a l e n t  o f  50% o f  t h e  marke t  
would b e  l o s t .  (Note t h a t  i n  t h i s  d iagram a  l o g i s t i c  c u r v e  i s  
a  s t r a i g h t  l i n e . )  L i q u i d  f u e l s  have e x p e r i e n c e d  a  s h a r p  i n c r e a s e :  
t h e  p e n e t r a t i o n  c o n s t a n t  o f  t h e  l o g i s t i c  c u r v e  i s  s u c h  t h a t  w i t h i n  
18 y e a r s  50% of  t h e  market  would b e  conquered.  Energy d e l i v e r e d  
by ne tworks  i s  a l s o  on t h e  way up; t h e  p e n e t r a t i o n  c o n s t a n t  r e f e r s  
t o  110 y e a r s  f o r  50%. I t  is l a r g e r  t h a n  f o r  l i q u i d  f u e l  because  
it r e q u i r e s  t h e  i n s t a l l a t i o n  o f  electric g r i d s  and p i p e l i n e s .  

A l l  t h i s  p o i n t s  t o  t h e  growing s i g n i f i c a n c e  o f  t h e  d i f f e r -  
e n c e  between p r i m a r y  and secondary  energy .  T h i s  is  c o n c e p t u a l i z e d  
i n  F i g u r e  7 .  B e f o r e  1950, t h e  d i r e c t  u s e s  o f  wood and c o a l  had 
a  s i g n i f i c a n t  s h a r e ,  and t h e  d i s t i n c t i o n  between pr imary  and 
s e c o n d a r y  e n e r g y  was i r r e l e v a n t .  The a d v e n t  o f  cheap  o i l  and 
n a t u r a l  g a s  f u r t h e r  c l o u d e d  t h e  i s s u e :  t h e  c o n v e r s i o n  from c r u d e  
o i l  t o  t h e  r e f i n e d  p r o d u c t  i s  c o m p a r a t i v e l y  a  less complex and  
t h e r e f o r e  c h e a p  s t e p ,  and w i t h  n a t u r a l  g a s  t h e  d i f f e r e n c e  i s  non- 
e x i s t e n t .  But f o r  a l l  major  e n e r g y  s o u r c e s  o f  t h e  more d i s t a n t  
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Figure 6. Market shares of substitutable forms of secondary 
energy (stationary conversion), FRG. 

f u t u r e ,  convers ion  i n t o  a  convenient  form o f  secondary energy 
becomes dominant, and t h i s  i s  t r u e  a l s o  f o r  c o a l .  New coa l -  
mining t echno log ie s ,  t h e  handl ing  of  WELIUI c o n s t r a i n t s ,  long- 
range  t r a n s p o r t a t i o n ,  and conversion t o  energy forms adapted t o  
t h e  e x i s t i n g  i n f r a s t r u c t u r e s  of  t h e  end-use markets  t h u s  a r e  t h e  
problems t o  be d e a l t  w i th  i f  t h e  l a r g e  c o a l  r e sources  e x i s t i n g  
i n  p r i n c i p l e  a r e  t o  be e x p l o i t e d .  

The I I A S A  Energy program has  formed a Task Force ,  j o i n t l y  
w i th  t h e  B r i t i s h  Coal Board, t h e  German Ruhrkohle i n  Essen,  and 
P o l i s h  and Czechoslovak groups,  f o r  t h e  e l a b o r a t i o n  o f  long-range 
c o a l  s t r a t e g i e s  t a k i n g  account  of t h e  systems a s p e c t s  o u t l i n e d .  
We hope t h a t  such t a s k  f o r c e s  w i l l  enhance IIASA's i n t e r a c t i o n  
wi th  t h e  o u t s i d e ,  w i th  t h e  bodies  t h a t  have p a r t i c u l a r  e x p e r t i s e  
and t h o s e  t h a t  a r e  f a c i n g  hard  d e c i s i o n s .  
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Figure 7. A widening gap between primary and secondary energies, FRG. 

The S o l a r  Opt ion  

I n  c o n t r a s t  t o  c o a l ,  t h e  u s e  of s o l a r  power ha s  no t r a d i t i o n  
s u g g e s t i n g  c e r t a i n  approaches  t h a t  must be  overcome i n  t h e  medium- 
and long- range  f u t u r e .  S o l a r  power is  i n  many r e s p e c t s  a n  ex t reme 
c a s e ,  p a r t i c u l a r l y  compared w i t h  t h e  o i l  and g a s  used  a t  p r e s e n t .  
The l a t t e r  r e q u i r e  compa ra t i ve ly  low c a p i t a l  i nves tmen t  and t oday  
have h i g h  f u e l  p r i c e s ,  w h i l e  s o l a r  power r e q u i r e s  s i g n i f i c a n t  
c a p i t a l  i nves tmen t  and h a s  z e r o  f u e l  c o s t s .  Again t h e  WEMW 
approach  i s  r e v e a l i n g :  f o r  t h e  i n s t a l l a t i o n  o f  c o l l e c t o r s  o v e r  
l a r g e  a r e a s ,  t h e  i nves tmen t  o f  w a t e r ,  ene rgy ,  l a n d ,  m a t e r i a l s ,  
and manpower i s  needed. I n  f a c t ,  it i s  one  of  t h e  r e s u l t s  o f  
o u r  s t u d i e s  t h a t ,  w i t h  a  t r u e  accoun t i ng  o f  a l l  s i d e  e f f e c t s ,  
t h e  WELMM i m p l i c a t i o n s  of a power p l a n t  o f  g iven  s i z e  a r e  
comparable  f o r  c o a l ,  s o l a r ,  and t h e  l i g h t  w a t e r  r e a c t o r  (LWR), 
shown i n  Tab l e  4 .  

The f i g u r e s  r e f e r  t o  a l l  m a t e r i a l s  t o  b e  handled ,  i n c l u d i n g  
f o r  i n s t a n c e  t h e  overburdens  t h a t  accompany mining.  Aga in s t  
i n t u i t i o n ,  t h e  m a t e r i a l s  t h a t  must be  handled  o v e r  a  25-year 
o p e r a t i n g  p e r i o d  a r e  i n  t h e  same b a l l  pa rk  f o r  a l l  t h r e e  c a s e s ;  
o n l y  t h e  f a s t  b r e e d e r  r e a c t o r  (FBR) is  q u a l i t a t i v e l y  d i f f e r e n t .  

Much emphas i s  i s  g iven  t h e s e  days  t o  l o c a l  s o l a r  h e a t .  A s  
it r e q u i r e s  t h e  l e a s t  change i n  an  e x i s t i n g  i n f r a s t r u c t u r e ,  i t  
i s  f e l t  t h a t  t h i s  would be  t h e  most p romis ing  way t o  t a p  s o l a r  
ene rgy .  Fo r  l a r g e - s c a l e  u s e s  o f  energy ,  however, t h e  s i z e  o f  
t h e  h e a t  market  must be  examined. Tab l e  5  g i v e s  some rough 
f i g u r e s  f o r  t h e  USA. The e s t i m a t e d  30 m i l l i o n  new households  
i n s t a l l e d  between now and t h e  y e a r  2000 a r e  t h o s e  t o  a d j u s t  t o  
s o l a r  h e a t .  But t h e  s h a r e  of h e a t i n g  househo ld s  i s  a  m e r e  10% 
of  t h e  t o t a l  demand, s o  t h a t  s o l a r  h e a t  cou ld  m e e t  o n l y  a  sma l l  
f r a c t i o n  of t h e  pr imary  energy  r equ i r emen t s  i n  t h e  f o r e s e e a b l e  
f u t u r e .  Impor t an t  a s  t h e  s a v i n g s  i n  o i l  and g a s  a r e ,  t h i s  i s  



T a b l e  4. M a t e r i a l s  r e q u i r e m e n t s  f o r  a 1000 M W ( e )  power p l a n t .  

T a b l e  5 .  S o l a r  h e a t  m a r k e t  ( r o u g h  e s t i m a t e s )  , USA. 

F u e l  

C o a l  

N u c l e a r  

So 1 a r  
(Tower) 

S o u r c e :  [ 5 ]  

1 

Weight  o f  S t a t i o n  

( 1 0 6 t )  

0.3-0.35 

L i g h t  Water  
0.5-0.6 R e a c t o r  

F a s t  B r e e d e r  

0.35 ( C o n v e r s i o n )  
( H e l i o s t a t )  0.3-3 

T o t a l  U s e  

( 1 0 6 t )  

5 0 C o a l  
(25  y e a r s )  

2.5-75 U 0.2%-U S h a l e  
0.04-1.2 ( 2 5  y e a r s )  

M i n e r a l  O r e s  
(-5-7 y e a r s )  

2000 

100 . l o 6  

33% 

10% 

2% 

New Househo lds  
1972-2000 

32 . l o 6  

100% 

50% o f  h e a t  
r e q u i r e m e n t s  
f rom s o l a r ,  
50% f rom a u x i l -  
i a r y  s y s t e m s  

1972 

Number o f  
House h o l d s  

Wi th  ( H y b r i d )  
S o l a r  H e a t i n g  

S h a r e  o f  
P r i m a r y  Energy  

S o l a r  S h a r e  

68 l o 6  

- - - 

10% 



not a  v iab le  rou te  i f  t r u l y  s i g n i f i c a n t  amounts of  energy a r e  
t o  be provided. 

Let us  r e c a l l  t h e  case of coal .  A new primary energy source 
must be c o n s i s t e n t  with the  i n f r a s t r u c t u r e  of the  end-use market, 
which c l e a r l y  tends  toward secondary energy networks. A s  the  
e l e c t r i c a l  n e t  i s  highly developed, one obviously looks f o r  
e l e c t r i c i t y  generation by s o l a r  power. In  t h e  USA and elsewhere, 
t h e  technological  aspects  of s o l a r  e l e c t r i c  power s t a t i o n s  have 
been s tud ied  i n  d e t a i l .  It is  no t  IIASA's aim t o  dup l ica te  these  
s t u d i e s ,  but  r a t h e r  t o  concentra te  on t h e i r  systems aspects  and 
t o  communicate with groups i n  i t s  member coun t r i es .  A case  i n  
po in t  i s  t h e  work of the  Aerospace Corporation i n  Los Angeles 
on e l e c t r i c  power p l a n t  c o s t s  f o r  the  tower concept. This con- 
cept  provides f o r  o p t i c a l  transmission of l i g h t  beams from 
ground c o l l e c t o r s  t o  the  peak of a  tower where a  b o i l e r  f o r  a  
conventional steam cycle  i s  located (Figure 8 ) .  Direct  sunshine 
without clouds is  the re fore  required.  P r a c t i c a l  heights  f o r  t h e  
tower a r e  a  few hundred meters,  and so  t h e  output  i s  somewhere 
near 100 MW(e). One tends  t o  assume t h a t  t h e  scheme is  good f o r  
sunny a reas ,  but not  f o r  Central  Europe. With t h i s  r ese rva t ion  
i n  mind, J .  Weingart and N .  Weyss made contact  with t h e  Austrian 
a u t h o r i t i e s  i n  Vienna and examined l o c a l  i n s o l a t i o n  da ta ,  a v a i l -  
a b i l i t y  of land,  and o ther  f a c t o r s .  

Figure 8. Hybrid power plant facility combining 
fossil-fueled plant and solar plant. 



The r e s u l t ,  which g o e s  somewhat a g a i n s t  i n t u i t i o n ,  i s  p a r t l y  
p r e s e n t e d  i n  F i g u r e  9--a nomogram r e l a t i n g  c a p i t a l  c o s t s ,  i n s o l a -  
t i o n ,  t h e  p r e s e n t  o i l  p r i c e ,  t h e  d i s c o u n t  r a t e ,  and t h e  r e s u l t i n g  
payback t i m e  f o r  t h e  i n v e s t m e n t .  Assuming a n  i s o l a t i o n  o f  
175 w/m2 and c a p i t a l  c o s t s  o f  $50/m2 f o r  t o w e r  and m i r r o r s ,  o n e  
g o e s  f rom p o i n t  A  t o  B ,  and  t h e n  h o r i z o n t a l l y  t o  p o i n t  C, which 
r e l a t e s  t o  t h e  p r e s e n t  o i l  c o s t .  C o n t i n u i n g  from t h e r e  t o  Dl 
o n e  meets t h e  assumed i n t e r e s t  r a t e  and  a r r i v e s  a t  El t h e  r e s u l t -  
i n g  payback t i m e .  The i n t e r e s t i n g  r e s u l t  o f  t h i s  example  i s  

I N T E R E S T  R A T E  I Ye I 

PAYBACK 30 12 10 8 6 2 
TIME 
l o  I 

0 

20 

10 

0 

D I S C O U N T E D  V A L U E  P E R  UNIT  I $ / $ l o  I 

TOWER B 
MIRRORS 
1$/m21 75. 

I N S O L A T I O N  I w / m 2 1  

Figure 9. Tradeoff between solar specific investments and 
savings in fuel oil costs (hybrid concept). 



t h a t  a t  $10/bbl t h e  payback t ime f o r  t h e  o r i g i n a l  inves tment  i s  
on ly  14 yea r s .  While t h e  nomogram a l lows  f o r  any parameter  
v a r i a t i o n ,  it is  obvious t h a t  a t  a  few $/bbl a  hybr id  s o l a r  
e l e c t r i c  power p l a n t  would have no chance whatsoever.  But t h e  
o i l  p r i c e  changes t h e  s i t u a t i o n .  Le t  us  r e c a l l  t h e  b a s i c  assump- 
t i o n :  a  s o l a r  e l e c t r i c  tower p l a n t  o p e r a t e s  when t h e  sun i s  
sh in ing ;  when it i s  n o t ,  e l e c t r i c i t y  must be  produced by an 
o i l - f i r e d  s t a t i o n .  Sunshine t h e r e f o r e  d i r e c t l y  r e p l a c e s  o i l .  
Th i s  concept  i s  of course  somewhat s t y l i z e d  and n o t  f u l l y  r e a l -  
i s t i c .  The r e a l  ques t ion  i s  t h e  v a l u e  of t h e  b i t s  and p i e c e s  
of s o l a r  power t h a t  have t o  be i n t e g r a t e d  i n t o  an  e x i s t i n g  
e l e c t r i c a l  g r i d ,  and we a r e  only  now i n v e s t i g a t i n g  t h i s  j o i n t l y  
w i t h  E l e c t r i c i t 6  de France and t h e  Aus t r i an  Verbundgese1.lschaft. 
A c rude  a n a l y s i s  has  a l r eady  r evea led  another  somewhat unexpected 
f e a t u r e :  i n t e g r a t i n g  b i t s  of  s o l a r  e l e c t r i c  power r e q u i r e s  
energy s to rage - -a t  p r e s e n t ,  by hydros torage .  

Table 6 g i v e s  d a t a  f o r  t o t a l  gene ra t ion  and s t o r a g e  c a p a c i t y  
f o r  t h r e e  cases .  Both France and A u s t r i a  have a  6 %  s t o r a g e  
c a p a c i t y ,  f a r  more than t h a t  of  t h e  FRG, and t h e r e f o r e  an inhe r -  
e n t  p o t e n t i a l  f o r  such i n t e g r a t i o n .  A t  t h e  moment we f e e l  t h a t  
it i s  t h e  s t o r a g e  c a p a b i l i t y  r a t h e r  t han  t h e  l and  use  t h a t  
a c t u a l l y  l i m i t s  t h e  a p p l i c a b i l i t y  of s o l a r  e l e c t r i c  power. With 
C. B e l l  a s  t h e  p r i n c i p a l  i n v e s t i g a t o r ,  we a r e  con t inu ing  t h e s e  
s t u d i e s  j o i n t l y  w i th  a  number of i n s t i t u t i o n s  i n  ou r  member 
c o u n t r i e s ,  t o  a  l a r g e  e x t e n t  on t h e  b a s i s  of  a c o n t r a c t  w i t h  t h e  
Min i s t ry  f o r  Research of t h e  FRG. 

Table 6 .  Energy s t o r a g e  i n  e l e c t r i c  g r i d s .  

Grid 

E l e c t r i c i t 6  
de  France 

Bratsk-I l imsk,  
S i b e r i a  

A u s t r i a  

T o t a l  
Generat ion 

180 

35 

3  4 

S torage  Capaci ty  
(Hydropower) 

TWh 

12 

30 

2 

% 

6.7  

2 2 

6 



The Nuclear  Option 

The nuc lea r  eng inee r ing  community has  been fo rced  from t h e  
o u t s e t  t o  long-range t h i n k i n g ,  a s  t h e  development of  nuc lea r  
power was c l e a r l y  a  long and t e d i o u s  t a s k  r e q u i r i n g  t h e  formula- 
t i o n  of t echno log ica l  s t r a t e g i e s .  Also,  owing t o  t h e  work of  
l a r g e  n a t i o n a l  l a b o r a t o r i e s  i n  many c o u n t r i e s ,  a  good d e a l  i s  
known about  t h e  nuc lea r  op t ion .  

It is  not  IIASA's f u n c t i o n  t o  compete wi th  t h e s e  l a r g e  and 
capable  groups.  I n s t e a d ,  we have been c o n c e n t r a t i n g  on t h r e e  
u r g e n t  t o p i c s  t h a t  i n  ou r  judgment have n o t  y e t  been f u l l y  
t r e a t e d .  The f i r s t  of  t h e s e  concerns t h e  deployment of  a  l a r g e  
nuc lea r  f u e l  c y c l e .  I n  t h e  OECD c o u n t r i e s ,  t h e  i n s t a l l e d  
n u c l e a r  power c a p a c i t y  i s  expected t o  touch t h e  TW domain by t h e  
end of t h i s  cen tu ry  ( s e e  Table 7 ) ,  demonst ra t ing  t h a t  t h i s  
technology i s  we l l  advanced and of  g l o b a l  p o t e n t i a l .  The han- 
d l i n g  of f r e s h  n u c l e a r  f u e l  is  a l s o  w e l l  i n  hand; t h a t  o f  
i r r a d i a t e d  f u e l ,  and t h e  r e l a t e d  development problems, can be 
f aced  on ly  now, when t e c h n i c a l l y  s i g n i f i c a n t  amounts a r e  becoming 
a v a i l a b l e .  The t ime l a g  between o r e  and r ep rocess ing  r equ i r e -  
ments i l l u s t r a t e s  t h e  s i z e  of  t h e  t a s k s  s t i l l  ahead o f  us .  A 
s tudy by Avenhaus, ~ a f e l e ,  and McGrath [6] i n d i c a t e s  t h e  r egu la -  
t o r y  and l i c e n s i n g  d e c i s i o n s  necessary  i f  nuc lea r  power i s  t o  be 
f u l l y  i n s t a l l e d .  It i s  t h i s  s o f t  a s p e c t ,  and n o t  t h e  hard 
technology,  t h a t  poses t h e  problem. 

Table  7. OECD nuc lea r  f u e l  c y c l e  e s t ima tes :  low e s t i m a t e ,  
w i thou t  Pu r e c y c l i n g .  

Cumulative 

Source: [7] 



The second t o p i c  i s  t h a t  of nuc lea r  power beyond e l e c t r i c i t y  
gene ra t ion .  F igure  10 g i v e s  t h e  p r o j e c t e d  sha res  of  f i n a l  energy 
uses  i n  t h e  FRG. E l e c t r i c i t y  expec t s  a  l i m i t e d  sha re ;  it i s  g a s  
t h a t  i s  bu i ld ing  up quickly .  One should r e c a l l  t h a t  n a t u r a l  gas  
w i l l  involve  a  l a r g e ,  p a r t l y  e x i s t i n g ,  i n f r a s t r u c t u r e  t h a t  any 
f u t u r e  primary energy op t ion  must use i f  it i s  t o  be success fu l .  
To t h a t  e x t e n t ,  nuclear  power has a  l i m i t e d  p o t e n t i a l  i f  no 
a p p l i c a t i o n s  o t h e r  than  e l e c t r i c i t y  gene ra t ion  a r e  envisaged.  
A IIASA s tudy e l a b o r a t e s  on these  q u e s t i o n s  [81. 

SECONDARY ENERGY -- FINAL USE 
' I .  

/ 

/ 
/- 

20 - 
G A S  

/ 

----- HOT WATER 
n + m 

1950 1975 1985 
YEAR 

ELECTRICAL 

TRANS PORT 

RESIDENTIAL 

Figure 10. Partitioning and final use of secondary energy, FRG. 

The t h i r d  t o p i c  i s  t h e  comparison of t h e  f i s s i o n  and t h e  
f u s i o n  breeder .  I t  i s  t h e  breeding p r i n c i p l e  t h a t  makes nuc lea r  
power an op t ion  f o r  a  p r a c t i c a l l y  un l imi t ed  energy supply;  
wi thout  breeding,  only  amounts comparable wi th  those  o f  o i l  and 
gas  can be provided.  The f i s s i o n  breeder  of  r e fe rence  is  t h e  
f a s t  b reede r ,  which g i v e s  access  t o  abundant amounts of U238. 
That  technology e x i s t s .  The French f a s t  breeder  r e a c t o r  P h h i x ,  
w i t h  a  c a p a c i t y  of  250 MW(e), has s u c c e s s f u l l y  ope ra t ed  s i n c e  
Apr i l  1 9 7 4 .  I ts  a v a i l a b i l i t y  is  beyond 80%. Fusion i n  t h e  
form now conceivable  i s  a l s o  a  breeder .  I t  g i v e s  access  t o  
l a r g e  amounts of  L i  and s o  a l s o  o f f e r s  a  p r a c t i c a l l y  unl imi ted  
energy supply.  That technology does  n o t  y e t  e x i s t .  Contrary 
t o  widespread b e l i e f ,  t h e  two b reede r s  have a  number of  s t r i k i n g  
s i m i l a r i t i e s - - s u c h  a s  r a d i o a c t i v e  inven to ry ,  waste d i s p o s a l ,  
a n d  f a s t  neut ron  m a t e r i a l  damage--as w e l l  a s  some d i f f e r e n c e s .  
We a r e  conducting t h e s e  s t u d i e s  j o i n t l y  wi th  i n s t i t u t i o n s  i n  
t h e  USSR, t h e  USA, and t h e  FRG; a  voluminous r e p o r t  w i l l  be 
f i n i s h e d  t h i s  year .  



Remarks on Five Options 

Besides coal, nuclear fission, and solar--and nuclear 
fusion, not discussed here in detail--the dry geothermal option 
must also be mentioned. It should be distinguished from wet 
geothermal energy, which is definitely limited in quantity. 
Dry geothermal refers to the energy content of the Earth's 
crust. It can perhaps be harvested if a fairly tight heat 
exchange device is installed underground. We have not yet 
investigated this option in detail, and are looking forward 
to cooperation, especially with French groups, to fill this gap. 

Table 8 summarizes our observations on five options for a 
practically unlimited energy supply and the side effects that 
will increasingly act as constraints. Quite contrary to a 
common belief, we are not resource-constrained; but even so, 
the energy problem remains a difficult one. In view of side 
effects--or better, systems inplications--the comparison of 
options will be arduous and complex. Many countries, in partic- 
ular developing countries, are facing hard choices. The IIASA 
Energy program has received a major contract from the United 
Nations Environment Programme (UNEP) for a three-year study, 
jointly with the International Atomic Energy Agency (IAEA) and 
the World Health Organization (WHO), on the methodology of a 
comparison of options. This is a main component of our program. 

CONSTRAINTS 

The scenario of Figure 3 calls for the build-up and substi- 
tution of an infrastructure for the supply of energy. Engineers 
are used to looking for optimal solutions, and most often optimal 
means cheapest. This implies a certain maneuverability. Our 
studies at IIASA suggest that it is more the constraints than 
the optimization that will characterize possible technological 
strategies. We therefore emphasize the identification and 
investigation of constraints. In particular, we have to some 
extent studied the following constraints: time requirements 
for market penetration; possible restrictions through waste 
heat disposal; risks and standards; and capital. These are 
briefly discussed below. 

Time Requirements for Market Penetration 

Following an observation of Fisher and Pry on the general 
validity of the logistic curve behavior applied to the market 
penetration by new goods, C. Marchetti has extended this work 
to multiple competition among primary energy sources. It is 
striking to see the robustness of his model over a period of 
more than 100 years, irrespective of drastic changes in technol- 
ogy and infrastructure. Figure 11 gives some of Marchetti's 
results. (Note that the straight lines are logistic curves.) 
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Figure 11. Energy market penetrabons: world. 

Wood was pushed o u t  by c o a l ,  and c o a l  by o i l  and gas .  I n  t n e  
USA it c o n s i s t e n t l y  t a k e s  about  60 y e a r s  t o  conquer 50% of  t h e  
marke t ,  s t a r t i n g  from 1%;  t h e  p e r i o d s  f o r  t h e  world a s  a  whole 
a r e  l o n g e r ,  f o r  some European c o u n t r i e s  s h o r t e r .  IIASA's 
Energy program has r ece ived  a c o n t r a c t  from t h e  Foundation 
Volkswagenwerk t o  i n v e s t i g a t e  t h e s e  problems i n  g r e a t e r  dep th  
j o i n t l y  w i th  t h e  U n i v e r s i t y  of  Kar l s ruhe  i n  t h e  FRG. Note 
t h a t  c o n s i d e r a b l e  l ead  t imes  f o r  t e c h n o l o g i c a l  s t r a t e g i e s - - t h e  
l a g  be fo re  a  new technology can  e n t e r  t h e  market--must be 
added t o  t h e  t ime hor izon  of  market f o r c e s .  I n  f a c t ,  t ime 
might we l l  t u r n  o u t  t o  be t h e  most p rec ious  r e sou rce .  

P o s s i b l e  R e s t r i c t i o n s  through Waste Heat Disposa l  

I n  Europe and e l sewhere ,  c o o l i n g  water  f o r  t h e  d i s p o s a l  
o f  was te  h e a t  from energy convers ion ,  e .g.  from e l e c t r i c  power 
s t a t i o n s ,  i s  becoming s h o r t .  I n  t h e  FRG, f o r  i n s t a n c e ,  a l l  
new power s t a t i o n s  a r e  r equ i r ed  t o  have wet-cooling towers ,  a s  
t h e  warming up of  r i v e r s  and r u n o f f s  i s  cons idered  t o  have 
reached i t s  l i m i t s .  De t a i l ed  s t u d i e s  show, however, t h a t  was te  
h e a t  d i s p o s a l  by wet-cooling towers w i l l  a l s o  r each  a l i m i t  
w i t h i n  t h e  nex t  1 5  t o  2 0  yea r s .  P l ac ing  power s t a t i o n s  o f f s h o r e  
on f l o a t i n g  p l a t f o r m s  o r  a r t i f i c i a l  i s l a n d s  w i l l  p rovide  a  
s o l u t i o n  f o r  t h e  decades ahead,  a s  o f f s h o r e  c u r r e n t s ,  i f  p rope r ly  
chosen,  a r e  l a r g e r  t han  c o n t i n e n t a l  r u n o f f s .  

T h i s  reasoning  has  l e d  i n  t h e  p a s t  few y e a r s  t o  t h e  q u e s t i o n  
whether  o r  n o t  was te  h e a t  d i s p o s a l  c a p a b i l i t i e s  w i l l  add up t o  
a  g l o b a l  c o n s t r a i n t  f o r  man-made energy product ion .  A comparison 
of  man-made power d e n s i t i e s  w i t h  t hose  o f  n a t u r e  shows t h a t  on 
t h e  r e g i o n a l  s c a l e  such concerns  a r e  we l l  founded. 



A. Weinberg and P. Hammond were t h e  f i r s t  t o  i n v e s t i g a t e  
t h i s  q u e s t i o n .  They asked t h e  Na tu ra l  Center  f o r  Atmospheric 
Research (NCAR) i n  Boulder, Colorado,  t o  provide  them wi th  a 
s c e n a r i o  of very  l a r g e  waste hea t  r e l e a s e  (2,500 TW) wi th  a 
d i s t r i b u t i o n  fo l lowing t h a t  of  t o d a y ' s  popu la t ion  d i s t r i b u t i o n .  
W .  Washington of NCAR conducted a run  of t h e  NCAR Global  C i r cu la -  
t i o n  Model (GCfl), o b t a i n i n g  r e s u l t s  t h a t  were d i f f i c u l t  t o  
i n t e r p r e t  (one must remember t h e  inadequacies  of  t h e  p r e s e n t  
G C M ' s ) .  I n  view of t h e  major  investment  d e c i s i o n s  f o r  energy 
s t r a t e g i e s  and t h e i r  p o s s i b l e  consequences, t h e  IIASA Energy 
program--with A. Murphy, on l eave  from NCAR, a s  p r i n c i p a l  
i nves t iga to r - - fo l lowed  up by making c o n t a c t  w i t h  NCAR and t h e  
B r i t i s h  Meteorologica l  O f f i c e  (BMO). With t h e  coope ra t ion  of 
t h e  l a t t e r ,  t h e  GCM was run  a t  t h e  Kernforschungszentrum, 
Kar ls ruhe .  IIASA ope ra t ed  t h e  r u n s  and provided two admi t t ed ly  
u n r e a l i s t i c  s cena r ios :  t h e  IIASA 1 and IIASA 2 numerical  
experiments .  I n  each c a s e  4 l o1*  BTU/year was assumed t o  be 
r e l e a s e d  t o  t h e  atmosphere a t  two l o c a t i o n s .  F igu re  12 shows 
t h e s e  two p l a c e s  f o r  t h e  IIASA 1 experiment .  2 150 TW is  
about  30 t imes  t h e  p r e s e n t  world energy consumption, and no t  
i n c o n s i s t e n t  w i th  t h e  high e s t i m a t e s  f o r  g l o b a l  demand o u t l i n e d  
e a r l i e r .  I t  i s  u n r e a l i s t i c  t o  assume t h a t  a l l  power gene ra t ion  
would be  concen t r a t ed  i n  only  two p l a c e s ,  s t i l l  more s o  t o  
assume t h e  r e l e a s e  of waste h e a t  d i r e c t l y  i n t o  t h e  atmosphere. 
But t h e  i n t e n t i o n  was t o  g e t  an i d e a  whether t h e r e  i s  an impact.  
The e v a l u a t i o n s  of t h e  computer run  tu rned  o u t  t o  be extremely 
t e d i o u s  and complex. A t  l a s t ,  i n  coope ra t ion  wi th  A. G i l c h r i s t  
of t h e  BMO, t a n g i b l e  r e s u l t s  were a r r i v e d  a t .  The f i g u r e  shows 
t h e  change of  p r e c i p i t a t i o n  i n  no r the rn  Europe. An impact is  
c l e a r l y  v i s i b l e :  t h e  r a i n f a l l  appears  a s  having been s h i f t e d  
t o  more no r the rn  a r e a s .  S i m i l a r  r e s u l t s  were ob ta ined  f o r  
tempera ture ,  p r e s s u r e ,  and o t h e r  v a r i a b l e s .  Again one must 
r e c a l l  t h e  i n h e r e n t  l i m i t a t i o n  of t h e  numerical  models and use  
g r e a t  c a u t i o n  i n  drawing conc lus ions ;  it i s  probably prudent  t o  
s ay  only  t h a t  more a t t e n t i o n  should  be  g iven  t o  t h e s e  q u e s t i o n s ,  
and t h a t  one cannot  c la im t h a t  t h e r e  is no cause  f o r  concern. 
With a second c o n t r a c t  from UNEP, t h e  IIASA Energy program w i l l  
con t inue  wi th  t h e s e  s t u d i e s  du r ing  t h e  n e x t  two yea r s .  

Le t  us r e t u r n  t o  t h e  f a c t  t h a t  t h e  assumption t h a t  a l l  t h e  
waste h e a t  i s  r e l e a s e d  d i r e c t l y  i n t o  t h e  atmosphere i s  q u i t e  
u n r e a l i s t i c .  Any engineer  would immediately g i v e  was te  h e a t  
t o  t h e  sur rounding  wa te r s .  The g l o b a l  mechanism t r a n s p o r t s  
e n e r g i e s  i n  t h e  o r d e r  of  5,000 TW from t h e  e q u a t o r i a l  r e g i o n s  
t o  t h e  North Pole;  F igure  13 i l l u s t r a t e s  t h a t .  The Gulf Stream 
c a r r i e s  something l i k e  600 TW. Rea l i z ing  t h a t  conceivably  
150 TW of convers ion  l o s s e s  would be d i s t r i b u t e d  o v e r  a number 
of f a c i l i t i e s ,  one i s  r eas su red  t h a t  t h e  was te  hea t  can probably 
be d isposed  of  even i n  t h e  long-range f u t u r e ,  provided t h i s  is  
done i n t e l l i g e n t l y  and i n  cons i s t ency  wi th  g l o b a l  mechanisms. 

C. Marche t t i  a t  IIASA i s  extending  t h e s e  s t u d i e s .  He 
conceived l a r g e  energy pa rks  i n  t h e  mids t  of  t h e  P a c i f i c  west- 
e a s t  e q u a t o r i a l  ocean stream, f o r  i n s t a n c e  i n  t h e  lagoon of t h e  





Figure 13. Natural global energy transport. 

Canton I s l a n d  ( s e e  F igu re  1 4 ) .  Nuclear  energy  pa rks  could  be 
expec ted  t o  g e n e r a t e  a  gaseous secondary energy c a r r i e r ,  t o  be  
t r a n s p o r t e d  by a  f l e e t  of t a n k e r s  much a s  o i l  i s  be ing  t r a n s -  
p o r t e d  today .  I n  f a c t ,  such energy p a r k s  would become a man- 
made s u b s t i t u t e  f o r  o i l  f i e l d s .  

....... '. .. '.. 

Fieure 14. Canton "energy island". 



Risks and Standards 

The public has expressed great concern over environmental 
pollution. Most if not all environmental pollution is due to 
normal operating losses, and these are being studied by a number 
of national groups. It is methodologically more difficult to 
deal with accidental losses, especially when the accident 
probability is exceedingly low. Climatological impacts of large 
C02 releases due to the large-scale use of fossil fuels are a 
case in point, major underwater pipeline or tanker ruptures 
another. Particularly striking is the case of nuclear power. 
Its normal operating losses are very low, but attention is 
concentrated mainly on accidental losses. Residual risks can, 
by proper engineering, be reduced to preconceived levels if 
these are established by regulation. This leads to the famous 
question of C. Starr, the pioneer of risk analysis: "How safe 
is safe enough?" The design of procedures for establishing 
standards thus comes into focus. A further research contract 
from the Foundation Volkswagenwerk allows the Energy group to 
study this topic jointly with the University of Mannheim in the 
FRG; R. Avenhaus is the principal investigator. 

A major area here is risk analysis. In view of its impor- 
tance, IIASA combined forces with the IAEA here in Vienna by 
forming a joint study group on risk analysis--another example 
of the rich and multilateral modes of doing research at IIASA. 
IAEA's involvement is substantial. On the initiative of its 
Director General, Dr. Eklund, a number of IAEAqs member countries 
seconded scientists to that group; it now embraces physicists, 
engineers, psychiatrists, psychologists, and ethnologists. 
Their main task is to identify the objective and subjective 
determinants of risks. In Figure 15, H. Otway, leader of the 
group, has outlined the approach. The engineering and operation 
of facilities for safety are constrained by the regulatory pro- 
cess, and give rise to the individual's perception of actual 
residual risks. A detailed understanding of the size, the 
mechanism, and in particular the expected frequency of accidental 
events is the objective input for the regulatory body, the engi- 
neer, and the individual. For the individual there are also 
psychological determinants; and through group processes and 
societal attitudes, the regulatory body is again influenced. 
Some aspects of the psychological determinants of risk perception 
as investigated by P. Pahner are outlined below. 

- Event 
Man-made > natural hazard 
Difficult > easy to conceptualize 
Large, infrequent > small, frequent consequences 

- Situation for the Event 
Involuntary > voluntary participation 
Passive > active involvement 



Non- t ransparen t  > t r a n s p a r e n t  s i t u a t i o n  
I n d i r e c t  > d i r e c t  c o n f r o n t a t i o n  

- I n d i v i d u a l  

No e x p e r i e n c e  > e x p e r i e n c e  i n  s i t u a t i o n  
D i f f i c u l t  > e a s y  t o  imagine 
F u t u r e  > p r e s e n t  o r i e n t e d  
Unconscious p s y c h o l o g i c a l  f a c t o r s  

(X > Y means t h a t  X c a u s e s  r i s k  t o  be  pe r ce ived  h i g h e r  
t h a n  does  Y) . 

. RISKS REGULATORY . 
P R O C E S S  - 
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Figure 15. A conceptual framework for risk assessment. 

G R O U P  
P R O C E S S E S  

Pahner  i s  a l s o  s t u d y i n g  t h e  p s y c h o l o g i c a l  d i sp l acemen t  o f  
a n x i e t y  i n  t h e  c a s e  o f  n u c l e a r  ene rgy .  There  i s  growing ev idence  
t h a t  t h e  f e a r  o f  p e a c e f u l  n u c l e a r  power i s  subconsc ious ly  based  
on t h e  t h r e a t  o f  m i l i t a r y  n u c l e a r  power. The i n d i v i d u a l ' s  f e a r s  
a r e  d i s p l a c e d  from t h e  m i l i t a r y  domain, i n  which h e  h a s  no power, 
t o  t h e  domain o f  p e a c e f u l  n u c l e a r  power, where he  f e e l s  h e  can  
e x e r t  i n f l u e n c e .  

t 
R I S K S  

t 
' *. , 

Another  problem o f  s t a n d a r d  s e t t i n g  is  t h e  s c r e e n i n g  o f  
methods f o r  a s s e s s i n g  t h e  v a l u e  o f  a  l i f e ,  a s  pursued by 
J. L inne roo th .  I f  t h e  consequences o f  p o s s i b l e  s t a n d a r d s  a r e  
c h a r a c t e r i z e d  by o n l y  one  a t t r i b u t e ,  such  a s  changes i n  m o r t a l i t y ,  

INDIV IDUAL 
PERCEPTKjN 



a l t e r n a t i v e  s t a n d a r d s  can  be  compared simply i n  te rms  of  t h e i r  
c o s t  e f f e c t i v e n e s s ,  t h a t  i s  i n  te rms  of  m o r t a l i t y  r i s k  r educ t ion .  
I f ,  on t h e  o t h e r  hand, t h e  consequences a r e  c h a r a c t e r i z e d  by 
m u l t i p l e  a t t r i b u t e s ,  e .g.  changes i n  m o r t a l i t y ,  i n j u r y ,  and 
p rope r ty  damage, t h e s e  must be expressed  i n  common u n i t s  t o  
a l l ow  comparison. One way i s  t o  p l a c e  a  monetary v a l u e  on each 
a t t r i b u t e ,  a  procedure which makes p o s s i b l e  a  formal  c o s t - b e n e f i t  
a n a l y s i s .  A method f o r  q u a n t i f y i n g  m o r t a l i t y  r i s k  i n  monetary 
u n i t s  i s  t o  v a l u e  each expec ted  l i f e  l o s t  a cco rd ing  t o  t h e  cap i -  
t a l i z e d  e a r n i n g s  of  t h e  p o t e n t i a l  v i c t im .  A l t e r n a t i v e l y ,  each  
a t t r i b u t e  can be expressed  i n  te rms  of  u t i l i t y ,  r e f l e c t i n g  t h e  
p r e f e r e n c e s  of  t h o s e  a f f e c t e d .  These methods a r e  an a l t e r n a t i v e  
t o  a  l e s s  formal ized  procedure:  t h e  judgmental approach,  where 
t h e  d e c i s i o n  maker p e r s o n a l l y  we igh t s  t h e  importance of  t h e  
a t t r i b u t e s  c h a r a c t e r i z i n g  t h e  d e c i s i o n  consequence. 

Risk r e s e a r c h  i s  a young and ex t remely  complex branch of 
r e s e a r c h .  But i n  view of t h e  i s s u e s  a t  s t a k e ,  it must be  
pursued.  

C a p i t a l  

It seems t h a t  t h e  long-range o p t i o n s  f o r  a  l a r g e - s c a l e  
energy supply  a r e  a l l  c a p i t a l - i n t e n s i v e  wh i l e  having low o r  z e r o  
f u e l  c o s t s .  An extreme c a s e  i n  p o i n t  i s  s o l a r  power. Used n o t  
on ly  f o r  supplementary purposes  b u t  on a  l a r g e  s c a l e ,  it may 
c o s t  $3000-4000/kW. C a p i t a l  a v a i l a b i l i t y  w i l l  t h e r e f o r e  be  a  
s e v e r e  c o n s t r a i n t ,  no t  on ly  i n  h i g h l y  i n d u s t r i a l i z e d  c o u n t r i e s  
b u t  th roughout  t h e  world. Work on t h i s  t o p i c  has  j u s t  begun i n  
IIASA's Energy program and w i l l  be d i s c u s s e d  under  t h e  n o t i o n  
o f  s t r a t e g i e s .  The v a r i o u s  a s p e c t s  of t h e  p r e s e n t  energy  s i t u a -  
t i on - - r e sou rces ,  demands, o p t i o n s  o r ,  a lmost  c e r t a i n l y ,  combina- 
t i o n s  o f  o p t i o n s ,  and cons t ra in ts - -must  be  i d e n t i f i e d  and o rde red  
s o  t h a t  we can t a c k l e  t h e  problem of  t h e  n e x t  few decades:  namely, 
t o  manage t h e  t r a n s i t i o n  from t o d a y ' s  energy s i t u a t i o n  t o  a  
s a t i s f a c t o r y  long-range s o l u t i o n ,  which r e q u i r e s  t h e  d e s i g n  of 
a p p r o p r i a t e  s t r a t e g i e s .  

STRATEGIES 

A t  t h e  ve ry  beginning  of  IIASA's work on energy ,  A. Manne 
and W. Ha fe l e  conceived a l i n e a r  programming (LP) model f o r  t h e  
t r a n s i t i o n  from f o s s i l  t o  nuc l ea r  f u e l s .  The t a s k  was how t o  
meet an  exogenously g iven  energy demand i n  view o f  l i m i t e d  o i l  
and g a s  r e s e r v e s  and l i m i t e d  p o t e n t i a l  f o r  inves tments .  The 
number o f  y e a r s  t h a t  o i l  and gas  r e s e r v e s  would l a s t  was a  
parameter :  40, 60, 80, and 100 y e a r s  were cons idered .  Investment  
p o t e n t i a l  was c rude ly  modeled by a  c e r t a i n  i n t e r e s t  r a t e  and a 
l i m i t e d  product ion  c a p a c i t y  t o  i n s t a l l  new power p l a n t s .  The 
q u e s t i o n  was t h e  op t ima l  t iming  and a l l o c a t i o n  of  inves tments .  
The model has  meanwhile been g e n e r a l i z e d  by A. Suzuki and 
L. S c h r a t t e n h o l z e r ,  and now i n c o r p o r a t e s  s o l a r  e l e c t r i c  power, 



c o a l ,  and p o t e n t i a l l y  a l s o  o t h e r  s o u r c e s .  An example o f  a  
t y p i c a l  r e s u l t  i s  shown i n  F i g u r e  1 6 ,  where a  g i v e n  e l e c t r i c i t y  
demand i s  met by t h e  v a r i o u s  p r i m a r y  e n e r g y  s o u r c e s  w i t h  a  cer- 
t a i n  time dependence.  T h i s ,  o f  c o u r s e ,  must be  s e e n  i n  t h e  
c o n t e x t  o f  c e r t a i n  a s s u m p t i o n s  o n  p r i c e s .  

THERMAL 
INPUT 
( T W )  

T 
ELECTRICITY DEMAND 

SOLAR 

Figure 16. An example of optimal allocation of  primary energy 
sources for meeting electricity demands: oil and gas 
supply for 60 years. 

The p o i n t  o f  t h e s e  LP r e s u l t s  i s  t h a t  t h e  s t r a t e g i e s  have 
a  t i m e  h o r i z o n  o f  75 y e a r s ,  and t h e  a n n u a l  a l l o c a t i o n s  form a  
sequence  t h a t  i s  o p t i m i z e d  a s  a  whole.  More i m p o r t a n t  t h a n  t h e  
a l l o c a t i o n s  o v e r  t i m e  a r e  t h e  p o s s i b i l i t i e s  o f  a r r i v i n g ,  by t h e  
u s e  o f  shadow p r i c e s ,  a t  a n  o r d e r i n g  o f  a l t e r n a t i v e s  f o r  t echno-  
l o g i c a l  development .  The q u e s t i o n  o f  t h e  i n t e g r a l  s h a r e  o f  t h e  
e l e c t r i c i t y  s u p p l y  o v e r  t h e  p l a n n i n g  h o r i z o n  c a n  a l s o  b e  handled  
F i g u r e  17 i l l u s t r a t e s  a t y p i c a l  r e s u l t .  The i n t e g r a l  s h a r e  
v a r i e s  w i t h  t h e  p r i c e  o f  c o a l .  The r e s u l t s  are v e r y  c l o s e  t o  
a n o t h e r  f o r  o i l  r e s e r v e s  assumed t o  las t  f o r  60 ,  80 ,  and  100 
y e a r s .  I n  o t h e r  words ,  t h e  p r i c e s  are n o t  y e t  a c r i t i c a l  param- 
eter: t h e y  d o  n o t  r e a l l y  i n f l u e n c e  t h e  d e g r e e  t o  which c o a l  
comes i n t o  t h e  p i c t u r e .  T h i s  i s  r a d i c a l l y  d i f f e r e n t  f o r  o n l y  
40 y e a r s  o f  o i l  supp ly .  D e s p i t e  h i g h  p r i c e s  f o r  c o a l ,  i t s  s h a r e  
i s  h i g h ;  i t s  u s e  becomes a  n e c e s s i t y  i n  t h e  s c o p e  of  t h e  model.  

The LP model p r e s e n t e d  h e r e  becomes meaningfu l  o n l y  when 
t h e  e n e r g y  demand and t h e  c a p i t a l  a v a i l a b i l i t y  a r e  i n t e r n a l i z e d  
w i t h i n  o n e  model o r  g r o u p  o f  models.  T h i s  t o u c h e s  on p e r h a p s  
t h e  most i m p o r t a n t  p o i n t  o f  a l l  o u r  i n v e s t i g a t i o n s .  A s  observed  
e a r l i e r ,  i n  t h e  t r a n s i t i o n  from t o d a y ' s  i n f r a s t r u c t u r e  t o  o n e  
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t h a t  i s  a b l e  t o  meet t h e  r equ i r emen t s  o f  tomorrow's  h e a v i l y  
popu l a t ed  g l o b e  w e  must c o n c e n t r a t e  on t h e  s t r u c t u r a l  changes.  
P r e s e n t  model ing e f f o r t s  o f t e n  u s e  L e o n t i e v ' s  p rocedu re s  by 
r e f e r r i n g  t o  t h e  c o e f f i c i e n t s  o f  a n  i npu t / ou tpu t  m a t r i x  a s  g i v e n  
by t o d a y ' s  c o n d i t i o n s .  The e v o l u t i o n  of  i n p u t s  and o u t p u t s  is  
t h e n  c o n s i d e r e d ,  b u t  changes of t h e  ma t r i x - - t he  unde r ly ing  
s t r u c t u r e - - a r e  n o t .  T h i s  l i m i t s  t h e  meaningful  t i m e  ho r i zon .  
I n  c o n t r a s t ,  t e c h n o l o g i c a l  s t r a t e g i e s  change t h e  i n f r a s t r u c t u r e  
and t h e  i npu t / ou tpu t  m a t r i c e s  r e p r e s e n t i n g  it. T h e r e f o r e ,  w e  
have t o  d e a l  w i t h  a n  economy i n  a  t r a n s i t i o n  induced  by f o r c e s  
beyond t r a d i t i o n a l  market  f o r c e s ,  which a r e  f a i r l y  w e l l  under-  
s t o o d  from an  e q u i l i b r i u m  s t a n d p o i n t .  

10 

By means of  ene rgy  a n a l y s i s ,  w e  hope t o  i d e n t i f y  l i f e - s t y l e  
s c e n a r i o s  and ene rgy  demand p a t t e r n s  f o r  t h e  long-range f u t u r e  
and u s e  them a s  t a r g e t s  f o r  t r a n s i t i o n .  T h i s  i s  t h e  c o n t e x t  i n  
which t h e  i n t e r n a l i z a t i o n  o f  ene rgy  demand and c a p i t a l  a v a i l -  
a b i l i t y  must be  viewed. W e  a r r i v e  a t  a  scheme, shown i n  F i g u r e  
18 ,  dev i s ed  by Yu. Kononov. Here w e  d i s t i n g u i s h  among v a r i o u s  
s t r a t a .  The second s t r a t u m  r e f e r s  t o  a  number o f  economies, and 
it i s  n e c e s s a r y  t o  r e g i o n a l i z e ,  much a s  P e s t e l  and Mesarovic  
d i d  [ 91  . The r e g i o n a l  economies i n t e r a c t  by t r a d e  and exchange,  
and t h i s  i n t e r a c t i o n  is on t h e  s t r a t u m  o f  t h e  wor ld .  The t h r e e  
t i m e  p e r i o d s  d e f i n e  t h e  e x i s t i n g  i n f r a s t r u c t u r e ,  t h e  t r a n s i t i o n  
p e r i o d ,  and t h e  long-range f u t u r e .  Once w e  have o b t a i n e d  ene rgy  

~l 0 I 



Figure 18. Interlinking models for energy strategies. 

demand and c a p i t a l  a v a i l a b i l i t y  d u r i n g  t h e  t r a n s i t i o n  p e r i o d ,  
w e  c an  u s e  o u r  LP model t o  i d e n t i f y  t h e  b e s t  t e c h n o l o g i c a l  
s t r a t e g i e s .  The model f o r  an economy i n  t r a n s i t i o n  must be  a n  
agg rega t ed  one ,  i f  o n l y  because  o f  l a c k  o f  d a t a .  T h i s  i n  t u r n  
n e c e s s i t a t e s  t h e  d e t a i l e d  i d e n t i f i c a t i o n  o f  i nves tmen t  conse-  
quences ,  a s  was done i n  t h e  USA w i t h  P r o j e c t  Independence.  W e  
a r e  f o r t u n a t e  t o  have r e c e i v e d  t h e  computer model o f  t h e  B e c h t e l  
C o r p o r a t i o n  i d e n t i f y i n g  t h e  f i r s t - o r d e r  inves tment  consequences 
of  ene rgy  s t r a t e g i e s ,  a s  w e l l  a s  t h a t  o f  t h e  Power Research 
I n s t i t u t e  of t h e  S i b e r i a n  Branch of  t h e  USSR Academy o f  Sc i ences ,  
o u r  p a r t n e r  i n s t i t u t e  a t  I r k u t s k .  L. Belyaev i s  p u r s u i n g  c e r t a i n  
me thodo log i ca l  q u e s t i o n s  r a i s e d  by i n t e r l i n k i n g  t h e s e  models.  
W e  t h e r e f o r e  have t h e  p o s s i b i l i t y  o f  engaging  t h e  codes  from 
Eas t  and West i n  p a r a l l e l .  

51985 

C l e a r l y ,  t h e  agg rega t ed  model f o r  an economy i n  t r a n s i t i o n  
becomes t h e  c o r n e r s t o n e  f o r  t h e  i n t e r l i n k e d  models t h a t  t o g e t h e r  
a l l ow  f o r  e v a l u a t i o n  and comparison of  r e g i o n a l  energy  p o l i c i e s  
and t h e  c o n s i s t e n c y  among them. The USSR Academy o f  Sc i ences  
i n  p a r t i c u l a r  h a s  asked  u s  t o  make such  a n  i n v e s t i g a t i o n ,  and 
w e  p u t  g r e a t  emphasis  on t h e  t a s k .  
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of  which Thom's famous c a t a s t r o p h e  t h e o r y  i s  a p roduc t .  Catas-  
t r o p h e  theo ry  r e l a t e s  fundamenta l ly  t o  non l inea r  phenomena. I n  
p a r t i c u l a r ,  Thom's d i s t i n c t i o n  between f a s t  and slow v a r i a b l e s  
seems t o  r e f l e c t  e x a c t l y  t h e  d i s t i n c t i o n  between y e a r l y  economic 
v a r i a b l e s  and t h e  s lowly  changing v a r i a b l e s  t h a t  r e p r e s e n t  an 
economic i n f r a s t r u c t u r e .  Thus t h e  e n l i g h t e n i n g  e c o l o g i c a l  
approach of  Ho l l i ng  and h i s  group l e a d s  u s  t o  t h e  concep tua l i za -  
t i o n  of  an economy i n  t r a n s i t i o n  by means of  d i f f e r e n t i a l  t opo l -  
ogy 

A modeling e f f o r t  o f  t h i s  k ind  must be done s t e p  by s t e p .  
What we a r e  a f t e r  can b e s t  be  d e s c r i b e d  by an  a r t i f i c i a l ,  over -  
s i m p l i f i e d  model w i t h  o n l y  two v a r i a b l e s :  popu la t i on  and p e r  
c a p i t a  energy  consumption. F igu re  1 9  shows t h e  t o p o l o g i c a l  
r e p r e s e n t a t i o n  of  t h a t  model. There a r e  two d i s t i n c t  b a s i n s  
(A+B and C+D) w i t h  two a t t r a c t o r s  f o r  t h e  t r a j e c t o r i e s .  These 
a t t r a c t o r s  l e a d  i n  one ca se  t o  a  growing popu la t i on  w i t h  a  
f i n i t e  pe r  c a p i t a  energy consumption, i n  t h e  o t h e r  t o  a  van i sh ing  
popu la t i on  w i t h  an eve r - inc reas ing  p e r  c a p i t a  energy consumption. 
They a r e  d i v i d e d  by a  d i s t i n c t  l i n e ,  t h e  s e p a r a t r i x  t h a t  o r i g i -  
n a t e s  from t h e  governing s a d d l e  p o i n t .  I f  th rough an  unknown 
even t  t h e  system s t a t e  is thrown a c r o s s  t h e  s e p a r a t r i x ,  it w i l l  
s u f f e r  a  q u a l i t a t i v e l y  d i f f e r e n t  f a t e .  Le t  me s t r e s s  a g a i n  t h a t  
t h i s  i s  an o v e r s i m p l i f i e d  model whose purpose i s  merely t o  i l l u s -  
t r a t e  how one  can d e s c r i b e  methodologica l ly  t h e  mechanisms lead-  
i n g  t o  o u r  economy. H . R .  Grumm i s  pu r su ing  t h e  r e s i l i e n c e  
concept  i n  r i g o r o u s  mathemat ica l  terms.  

Figure 19. Resilience and systems evolution. 



Figure  20 shows t h e  economy model we a r e  working on. I t  
comprises t h e  s t r u c t u r e  of  an economy a s  slow v a r i a b l e s  and 
t h e  economic y e a r l y  product ion  a s  f a s t  v a r i a b l e s .  I t  shoo t s  
f o r  a  normative consumption and d i s t i n g u i s h e s  between inves tments  
t h a t  fo l low t r a d i t i o n a l  mechanisms, mostly f o r  purposes of  growth 
and replacement,  and t h o s e  made a s  s t r a t e g i c  s u b s t i t u t i o n s .  T h i s  
work i s  w e l l  under way b u t  has n o t  been f i n i s h e d .  Our i n t e n t  i s  
t o  i n t e g r a t e  t h e  r e s i l i e n c e  no t ion  i n  t h e  economy model, i n  much 
t h e  same way a s  it i s  i n t e g r a t e d  i n  t h e  budworm s t u d i e s  and t h e  
r e l a t e d  po I i cy  q u e s t i o n s  pursued by H o l l i n g ' s  group. I f  we a r e  
s u c c e s s f u l ,  it i s  l i k e l y  t h a t  o t h e r  problems of s t r a t e g y  can  be  
d e a l t  w i th  i n  s i m i l a r  f a s h i o n ,  perhaps i n c l u d i n g  t h a t  o f  appro- 
p r i a t e  s t r a t e g i e s  f o r  food and a g r i c u l t u r e .  

FOR STRATEGIC SUBSTITUTION 

STRUCTURE A FOR GROWTH\\ 

Sl (NORMATIVE)  CONSUMPTION 

Figure 20. Dynamic model for an economy in transition. 

GLOBAL ENERGY SYSTEllS 

The s t u d i e s  of IIASA's Energy program a r e  on ly  a t  t h e  h a l f -  
way mark; t h e  t a r g e t  f o r  f i n i s h i n g  them i s  t h e  end of 1978. It  
is  t h e r e f o r e  premature t o  expect  r e s u l t s  i n  t h e  t r u e  sense ,  b u t  
a  summary can be g iven .  Global  energy systems a r e  viewed i n  
terms of  t h e i r  i n h e r e n t  c a p a b i l i t y  t o  meet very  l a r g e  energy 
demands. I t  i s  t h u s  impor tant  t o  r e a l i z e  what t h e  p r e s e n t  
s i t u a t i o n  is.  Th i s  i s  shown i n  F igu re  21. From o u r  s t u d i e s  
on secondary energy and t h e  d e t a i l e d  f e a t u r e s  of energy consump- 
t i o n ,  we have l ea rned  t o  a p p r e c i a t e  t h e  importance of t h e  l o c a l  
and r e g i o n a l  consumer systems. They d i s t r i b u t e  secondary energy 
down t o  t h e  kW l e v e l  and s o  cover d i s t a n c e s  of  5 t o  50 km, say 
wi th in  a  c i t y  o r  group of  c i t i e s .  Secondary energy is  f ed  I n  
ove r  d i s t a n c e s  of  100 t o  s e v e r a l  100 km, a s  e l e c t r i c i t y  i n  over-  
head l i n e s  and a s  a  g a s  i n  h igh-pressure  p i p e l i n e s .  Barges,  
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r a i l w a y s ,  and o t h e r  means of  t r a n s p o r t a t i o n  d e l i v e r  r e f i n e d  o i l  
p roduc t s .  On t h e  l e v e l  of n a t i o n a l  systems,  t h e  GW l e v e l ,  w e  
t h e n  have l a r g e  energy-conversion f a c i l i t i e s ,  e l e c t r i c a l  power 
p l a n t s ,  r e f i n e r i e s ,  and gas-handling s t o r a g e s .  Only now does  
primary energy  come i n .  Coal f i e l d s  may o r  may n o t  be c l o s e  
t o  t h e  conve r s ion  f a c i l i t i e s .  The same a p p l i e s  t o  g a s  f i e l d s .  
The c rude  o i l  s o  impor tan t  today  i s  t r a n s p o r t e d  ove r  s e v e r a l  
1 0 0 0  km i n  l a r g e  t a n k e r s ,  which connect  t h e  n a t i o n a l  systems 
and t h e  f i e l d s  of  cheap o i l .  Thus t o d a y ' s  o i l  supply  system 
i s  a l r e a d y  g l o b a l  i n  n a t u r e  and has  reached  a  s i z e  o f  about  
1 . 7  TW. S p e c i f i c  c a p i t a l  c o s t s ,  r i s k  d e n s i t i e s ,  r e s o u r c e  
d e p l e t i o n ,  WELMM c o n s t r a i n t s  f a c t o r i a l l y  become of g r e a t e r  
concern t h e  more we remain on t h e  r e g i o n a l  l e v e l ;  t h e  spread  
t o  t h e  g l o b a l  l e v e l  t e n d s  t o  d e c r e a s e  t h e i r  r o l e  somewhat. 

It i s  impor t an t  t o  r e a l i z e  t h e  p o s i t i o n  of n u c l e a r  and 
s o l a r  power a s  i n d i c a t e d  i n  t h e  f i g u r e .  Nuclear power i s  p l aced  
on t h e  n a t i o n a l  l e v e l ,  t h a t  is t h e  GW l e v e l ,  and a t t a c h e d  t o  
e l e c t r i c i t y .  s o l a r  power i s  p laced  i n  t h e  kW t o  MW domain on 
t h e  s i d e  of  t h e  consumer sys tems.  Probably n e i t h e r  can  m e e t  
t h e  supply  c h a l l e n g e ,  which is  i n  t h e  TW domain where t h e  o i l  
supply  i s - - a t  g l o b a l  l e v e l  a l r e a d y  today.  F igu re  22  shows 
p o s s i b i l i t i e s  f o r  s t r u c t u r i n g  f u t u r e  g l o b a l  systems.  L e t  u s  
r e c a l l  o u r  e a r l i e r  o b s e r v a t i o n s .  Changing t h e  l o c a l  s t r u c t u r e  
f o r  energy consumption and d i s t r i b u t i o n  i s  expens ive  and cumber- 
some. I n  market  c o u n t r i e s ,  it may go a g a i n s t  market  t r e n d s ,  
whose s t r e n g t h  we have seen  i n  t h e  c a s e  o f  c o a l .  Above a l l ,  
it w i l l  be time-consuming. F u r t h e r ,  modern energy  systems i n  
t h e  medium and long range  w i l l  i n c r e a s i n g l y  depend on t h e  n o t  
s o  ea sy  convers ion  of pr imary energy,  of which power s t a t i o n s  
f o r  e l e c t r i c i t y  a r e  a  fo re runne r .  Th i s  e n t a i l s  t h e  d i s p o s a l  of  
l a r g e  amounts of  was te  h e a t ,  sugges t ing  t h e  s easho re  i f  n o t  t h e  
open s e a .  Then, t h e  law of s c a l e  p r e s s e s  f o r  l a r g e  u n i t s ;  
mas t e r ing  energy  t r a n s p o r t a t i o n  w i l l  a l l o w  f o r  ve ry  l a r g e  s t a -  
t i o n s ,  gua ran t ee ing  a v a i l a b i l i t y  and redundancy of t h e  secondary 
energy  supply.  The handl ing  o f  chemical  and/or n u c l e a r  was t e s  
a l s o  demands c o n c e n t r a t i o n  of convers ion  f a c i l i t i e s ,  a s  do r i s k  
c o n s i d e r a t i o n s .  The n o t i o n  of embedding t h a t  engaged u s  du r ing  
t h e  e a r l y  s t a g e s  of IIASA's Energy program is  s t i l l  r e l e v a n t ;  
we a r e  con t inu ing  t o  c o n s i d e r  t h e  embedding of  energy  systems 
i n t o  t h e  hydrosphere,  t h e  atmosphere,  t h e  ecosphere ,  and t h e  
soc iosphe re .  

A l l  t h i s  l e a d s  u s  now t o  a  few p o s s i b i l i t i e s ,  o u t l i n e d  i n  
F i g u r e  2 2 .  The p o i n t  i s  n o t  t o  a l t e r  t h e  l o c a l  and r e g i o n a l  
supply  and d i s t r i b u t i o n  system. Ne i the r  t h e  e l e c t r i c i t y  g r i d  
nor  t h e  g r i d  f o r  n a t u r a l  g a s  should be  d r a s t i c a l l y  changed; t h e  
d i s t r i b u t i o n  g r i d  f o r  l i q u i d  hydrocarbons should p o s s i b l y  be 
adopted.  Methanol i s  t h e  key word he re .  We have r e l a t e d  t h e  
kW, t h e  MW, t h e  GW, and t h e  TW domain t o  geograph ica l  d i s t a n c e s ,  
s o  t h e  c o a s t l i n e  o f f e r s  i t s e l f  a s  t h e  bo rde r  between t h e  GW and 
t h e  TW domain, w i t h  two forms o f  pr imary energy a t  t h i s  i n t e r -  
f a c e .  We have seen  t h a t  c o a l ,  i f  ha rves t ed  on a  l a r g e  s c a l e ,  
must be surface-mined and t h u s  t r a n s p o r t e d  ove r  d i s t a n c e s  of 





1000 km o r  s o ,  f o r  i n s t a n c e  t o  Western Europe o r  a c r o s s  t h e  
USSR. Thi s  i n t r o d u c e s  t h e  need f o r  f o s s i l  f u e l  c y c l e  c e n t e r s .  
F u r t h e r ,  l a r g e - s c a l e  s o l a r  power r e q u i r e s  l and  and m a t e r i a l s  
t o  cover  t h a t  l and .  Areas s e l e c t e d  on a g l o b a l  b a s i s  sugges t  
themselves ,  and aga in  we f a c e  t r a n s p o r t a t i o n  i n  t h e  TW domain-- 
s e v e r a l  1000 km. Nuclear power f i t s  i n t o  t h a t  scheme n a t u r a l l y ;  
a l s o ,  f o r  i n h e r e n t  r ea sons ,  it belongs  i n  t h e  TW domain. Thus 
n u c l e a r  energy pa rks ,  beyond nuc l ea r  f u e l  c y c l e  p a r k s ,  e n t e r  t h e  
p i c t u r e .  A remote p o s s i b i l i t y  f o r  energy  t r a n s p o r t ,  l i q u e f i e d  
hydrogen, o f f e r s  a  number of envi ronmenta l  c o n d i t i o n s  t h a t  a r e  
s u r p r i s i n g .  The negentropy con ta ined  i n  l i q u e f i e d  hydrogen 
would have t o  be used i n  c o l d  t u r b i n e s  t h a t  u s e f u l l y  b r i d g e  t h e  
p r e s s u r e  gaps. 

Fol lowing t h i s  l i n e  of r ea son ing ,  one i s  l e d  t o  r e f l e c t  
on l e v e l s  o f  u t i l i t i e s  and t h e i r  l i n k s  t o  l e v e l s  of a b s t r a c t i o n .  
T h i s  i s  i l l u s t r a t e d  i n  F igu re  2 3 .  I n  t h e  e a r l y  c e n t u r i e s ,  
mankind was r e s t r i c t e d  t o  mechanical  energy p roduc t ion  by 
animals-- the kW domain. C i v i l i z a t i o n s  expressed  themselves i n  
t h e  form o f  b u i l d i n g s  and a g r i c u l t u r e .  With Newton, phys i c s  
was t h e  unders tanding  of v i s i b l e  phenomena of  m a t t e r .  Deal ing 
i n s t e a d  wi th  t h e  i n v i s i b l e  domain of molecules  and atoms-- 
e lec t rodynamics  and thermodynamics--was a  s i g n i f i c a n t  s t e p .  

LEVELS OF UTILITY/ABSTRACTION 

INSTITUTIONS, , 
' GESTALT' ' 

~ O M P U T E R , C O N T R O L S  
SECOND INDUSTRIAL 
REVOLUTION 

POWER, 
FIRST INDUSTRIAL 
REVOLUTION 

BUILDINGS. 
AGRICULTURE 

PATTERN 7 
INFORMATION 7 

ENERGY Lr' 
MATTER Ikl 

GELL-MANN 
(OUARKS)? 

HEISENBERG 

MAXWELL 

NEWTON 

ELEMENTARY PARTICLES? 

OUANTUM THEORY 

ELECTRO- AND 
THERMODYNAMICS 

MECHANICS 

Figure 23. Levels o f  utilitylabstraction. 



With t h e  steam engine  of Watt and t h e  dynamo of von Siemens, 
mechanical  e n e r g i e s  o f  t h e  MW l e v e l  became a v a i l a b l e ;  adequate 
power l e d  t o  t h e  f i r s t  i n d u s t r i a l  r e v o l u t i o n .  A f u r t h e r  s t e p  
l e d  t o  quantum theory  and informat ion ,  a  d i s t i n c t l y  new l e v e l  
of a b s t r a c t i o n  and u t i l i z a t i o n  t h a t  von Neumann and Fermi may 
s t a n d  f o r .  I t  opened t h e  GW domain, t o g e t h e r  w i th  t h e  dimension 
o f  au tomat ic  d a t a  handling:  t h e  second i n d u s t r i a l  r evo lu t ion .  
A f u r t h e r  s t e p  o f  a b s t r a c t i o n  is  ahead of  us: it  l e a d s  from 
t h e  l e v e l  of  informat ion  t o  t h a t  of  p a t t e r n s .  Gell-Mann's 
quarks  a s  elementary p a r t i c l e s  a r e  more a  s t r u c t u r e  than  a  
p a r t i c l e .  We con jec tu re  t h a t  t h i s  l e a d s  u s  i n t o  t h e  TW domain. 
The problems he re  a r e  no t  s o  much t echno log ica l  hardware elements: 
w e  have l ea rned  t o  mas ter  t h e s e .  I n s t e a d ,  t hey  concern i n s t i t u -  
t i o n s  and t h e  s o f t  a s p e c t s  of complex management and dec i s ion -  
making--l icensing,  r e g u l a t i o n s ,  s t anda rd - se t t i ng .  Our l i m i t e d  
c a p a b i l i t y  t o  d e a l  wi th  t h e s e  q u e s t i o n s ,  i nc lud ing  t h a t  o f  a  
g l o b a l  p o l i t i c a l  o r d e r ,  w i l l  e s t a b l i s h  t h e  r e a l  l i m i t s .  Indeed, 
t h e  p o s s i b i l i t i e s  f o r  g loba l  energy systems o u t l i n e d  i n  F igu re  22 
pose seve re  s o f t  problems. Who gua ran tees  s a f e t y ,  and t h e  secu- 
r i t y  of supply ;  who i s  i n  charge  of t h e  t ime ly  and adequate supply 
of  secondary energy; which organiza t ion--poss ib ly  i n t e r n a t i o n a l - -  
r e spons ib ly  s e e s  t o  t h e  d i s p o s a l  of a l l  s o r t s  of wastes? And 
who r e g u l a t e s  t h e  p o l l u t i o n  and r i s k  s t anda rds  t o  be app l i ed?  
I t  is n o t  c l e a r  t h a t  we can c r e a t e  i n s t i t u t i o n s  t h a t  can do it. 
I t  i s  t h i s  q u e s t  f o r  a  " g e s t a l t "  t h a t  w i l l  u l t i m a t e l y  cha rac t e r -  
i z e  t h e  energy problem. 

I n  view of t h e s e  d i f f i c u l t i e s ,  t h e  proposa l  i s  o f t e n  made 
t o  use  t h e  " s o f t  optionw--wind power, b iogas ,  s o l a r  power, l o c a l  
hydro,  and s o  on--because t h a t  d e c e n t r a l i z e s  t h e  energy supply 
and t h u s  becomes secu re  and r e s i l i e n t .  We have doubts  t h a t  it 
can be  done f o r  12 b i l l i o n  people a t  5 kW/cap each.  But i n  view 
of t h e  importance of t h e  i s s u e ,  we have s t a r t e d  t o  e v a l u a t e  
r e l a t e d  q u e s t i o n s  i n  g r e a t e r  depth .  I t  is  indeed necessary  t o  
unders tand  and sense  t h e  l i m i t s  o f  t h e  " s o f t  op t ion" .  

FINAL PRODUCTS OF IIASA's ENERGY PROGRAM 

IIASA's Energy program has taken  t h e  end of  1978 a s  a  t a r g e t .  
By then ,  it i s  in tended t o  have t h r e e  t a n g i b l e  p roduc t s .  

1 .  A s e t  o f  methods  and procedures  f o r  comparing o p t i o n s  
f o r  t h e  s u p p l y  o f  e n e r g y .  This  l a r g e l y  fo l lows t h e  
l i n e s  o f  t h e  c o n t r a c t  w i th  UNEP i n  Nai robi .  The aim 
is  no t  t o  preempt t h e  judgment of  t h e  d e c i s i o n  maker. 
Nor is  it p o s s i b l e  f o r  a  smal l  group l i k e  o u r s  t o  go 
i n t o  t h e  d a t a - i n t e n s i v e  and hence region-dependent 
p a r t  of  such a  comparison; t h i s  can be done only  on a  
l o c a l  o r  r e g i o n a l  b a s i s .  But it i s  n a t u r a l  f o r  IIASA 
t o  c o n c e n t r a t e  on t h e  methods  f o r  doing so ,  and t o  
g i v e  t y p i c a l  examples. 



2. A set of methods and procedures for evaluating and 
comparing energy policies of world regions in view 
of global constraints. This is not drastically 
different from Product 1 ,  and we hope to achieve 
it largely by interlinking models as outlined in 
Figure 18. 

3. A set of comprehensive conclusions and recommendations 
for alternative strategies, in report or book form. 
This is necessary if IIASA's Energy program is to 
come to a meaningful end. 
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Global Aspects of Supply and Demand 

F. Rabar 

After the global energy problems, let us now turn to the 
field of food and agriculture. My presentation must be differ- 
ent in structure and style from Hafele's for two reasons. First, 
we are at a different stage of research; as we are just beginning 
our work, problem assessment is based more heavily on the find- 
ings of other groups and derived from debates on food and agri- 
culture. Second, our field differs substantially from that of 
energy in several ways, of which I would like to mention just 
three. 

- Biological need sets a lower limit on the food require- 
ment. If this minimum is not met, human life is in 
direct danger. This adds an emotional and moral under- 
tone to what would otherwise be simple technical state- 
ments. 

- Hunger exists now, while the energy crisis just threat- 
ens. Lack of time for short-run technological solu- 
tions suggests remedies in the fields of distribution and 
economics, and investigation within the present institu- 
tional framework. 

- While energy consumption depends on life style, food 
production is life style itself for most of mankind. 
Thus, it is closely interwoven with social, cultural, 
and traditional problems. Reducing it to a scarce- 
resource problem would be a complete misconception of its 
significance. 

These differences do not preclude a growing cooperation be- 
tween the Energy program and the Food project. As our work ad- 
vances more and more common problems will occur, and joint work, 
as well as complementary research, will be needed to solve them. 

When we consider global food supply and demand, we begin 
with a question that is far from rhetorical; neither is it triv- 
ial. The first symptom of the food crisis--and perhaps the more 
characteristic--is that there is no agreement on whether we 
have a crisis at all. This fact is significant and may remind 
us that, while arguing about the reliability of predictions, we 
sometimes forget our main problem: how to understand the pre- 
sent. In the past, history was a guide to the present. In our 
quickly changing world, we orient ourselves more in the light 
of the rapidly approaching future. Thus, predictions of the fu- 
ture also give reliable information about the present. 



Predictions about the food situation are varied and contra- 
dictory; our information about the present is ambiguous and 
unreliable. Do we have a food crisis? The spontaneous, intu- 
itive answer of some unspoiled people might be an unhesitating 
yes. After all, we seem to agree that we have hundreds of 
millions of hungry people. No one questions the existence of 
hunger, though some might argue about the numerical results of 
the related statistics. Yet there are several ways of answering 
this question with a no--further evidence of how difficult it 
is to understand the present. 

The reasons for denying the existence of a food crisis be- 
come clearer if we investigate them in connection with the 
symptoms that are taken to indicate there is a crisis. This 
approach contains some lessons for IIASA's research. 

Perhaps the most obvious symptom is the decrease in food 
reserves. When discussing the food crisis, most authors begin 
by describing the depletion of international stocks. Figure 1 
illustrates this problem. The recent drop in food reserves 
below the level of weather-induced variability was cause for con- 
cern by many experts and rang the bell for a food crisis. Ever 
since, discussion has been going on about whether 1972 was 
"aberration or permanent turnaround" (Poleman, 1975). Some ex- 
perts explain the events of 1972 as essentially being due to 
transitional factors. Many argue along the same lines: "if 
we had a different policy..."; "if there had been no droughts 
in different parts of the world at the same time..."; "if inter- 
national stocks had not already been depleted...". In their 
view, the food crisis is a temporary imbalance between supply 
and demand. It is an ad hoc, random problem due to droughts, 
floods, disasters at a particular time; and the long-term trends 
do not justify our fears. 

The solution offered by those who think that the crisis is 
accidental is generally the creation of international stocks 
with a well-determined safety level and thus, through the 
stocks, of stable prices to avoid the detrimental effects of 
price fluctuations. However, to regard this as a solution we 
must accept two important assumptions: that the food problem 
is adequately reflected in international trade, and that the 
imbalance is temporary and accidental. Neither of these is 
supported by sufficient evidence. 

International trade does not reflect the food problem. If 
we look at the data of Table 1, we can see that, for instance, 
Bangladesh (with 77 million people) participates in 0.3% of 
the world food imports, and the average daily calorie intake 
of its people is 1,840 compared with the FA0 minimal require- 
ment of 2,385 Kcal. The situation is similarly grave in India, 
Indonesia, and Pakistan. These countries together with China 
have 1,717 million people; 44% of the world population, and 
participate in 4% of the food imports. It is quite clear that 
the picture may change if we combine the imports with the pro- 
duction figures, but it does illustrate the magnitude of the 



problem. The average food demand in many developing countries 
is below the nutritional requirement; and according to the FA0 
estimates, this will still be the case for 34 countries in 
1985--countries representing 800 million people. This simple 
example may suffice to show why the real problems may be ne- 
glected if we concentrate just on trade and on the traditional 
economic concepts of supply and demand. Behind the large inter- 
national food stocks, widespread hunger may still prevail. The 
demand on the international market is not manifest and measur- 
able, as some countries cannot buy the food. Thus, here we 
have for our prospective research: 

Table 1. Participatfon of some Asian countries in international 
trade (1972). 

Lesson  7 

Country 

Bangladesh 

China* 

India 

Indonesia 

Pakistan 

Phi l ipp ines  

44.5% of 
world pop. 

I f  we want t o  grasp  t h e  r e a l  problem o f  hunger ,  we must  
f i n d  o u t  which economic p r o c e s s e s  l e a d  t o  a  s i t u a t i o n  where d e -  
mand w i l l  approach t h e  n u t r i t i o n a l  r e q u i r e m e n t ,  and how i n t e r -  
n a t i o n a l  t r a d e  and n a t i o n a l  a g r i c u Z t u r a Z  p o l i c i e s  i n f l u e n c e  t h e  
h i d d e n ,  l a t e n t  p a r t  o f  demand. 

If we now turn to the implication that the food problem is 
temporary, a glance at Figure 1 will show the contrary. The 
graph indicates--apart from the dramatic drop in 1972--a gener- 
al decreasing trend in stocks. 

Population 
( i n  m i l l i o n s )  

77 

821 

581 

128 

69 

41 

1717 

We see from this figure how myopic we are when predicting 
the future. In spite of the more or less clear trend, the main 
concern up to 1972 was how to get rid of "excess" stocks. Even 
the FA0 Commodity Review and O u t l o o k ,  published in 1972, pre- 
dicts that "...[wheat] supplies in exporting countries appear 
likely to be more than sufficient to meet the foreseeable import 
demand in 1972/73". 
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Fiyre 1.  World reserves of grain as percent of total consumption. 
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As the figure also shows, the real problem is not how to 
optimize the inventory level so that with a certain probability 
the supply will not be affected by weather-induced variability-- 
in other words, how to eliminate random disturbances in a stable 
system; rather, it is the long-term trend that has led to the 
present situation. From this fact we can draw: 

1961 19 65 1969 1973 
YEAR 

Lesson 2 

T h e  problem cannot be reduced to one of optimum stock-level 
determination well known from operations research. Internation- 
a l  stock a n d  price policies must have broader objectives a n d  
take into account their adverse consequences in different na- 
tions a n d  income groups and to the latent demand. Only a highly 
complex model c a n  show the secondary effects of such policies. 

We have thus arrived at the second symptom of the food cri- 
sis. There are many who emphasize the long-term problem. Some 
--still stressing the trade aspect--draw attention to the global 
supply structure: the dramatic shift that has taken place in 
the past four decades in the distribution of net grain importers 
and exporters. The USA, Canada, Australia, and New Zealand 
became net exporters, and the rest of the world net importers. 
This in itself would not represent a danger, but when the prob- 
lem is investigated in the proper economic context, an increas- 



ing tension seems to appear. Some importers are already 
struggling with balance-of-payment problems, and the long-run 
shifts show that this will be further aggravated. In India in 
1961 the debt service ratio (percent of interest and repayment 
of exports) was 13.74%, and in 1970 27.44%. Without general 
economic development, for which time is needed, the balance of 
trade of some developing countries cannot be restored. Accord- 
ing to the A s s e s s m e n t  o f  t h e  World  Food S i t u a t i o n  (FAO, 1974), 
the import requirements of developing countries will rise from 
16 million to 85 million tons of grain in 1985--estimated at 
$10 billion. According to an expert, "the transfer of the 
surplus to cover the deficit of poor countries would have to 
take place on concessional terms, which seems neither desirable 
nor likely"; but he offers no alternative. 

In the long run, economic development may solve this prob- 
lem. In the short run, no economic solution other than food 
aid seems to be possible. However, food aid is a controversial 
issue. Its direct and indirect short-run and long-run effects, 
in the donor and the recipient country alike, are complex and 
dependent on government policies. Up to now, food aid seemed 
to obey the "push effect" of high stocks much more than the 
"pull effect" of need in hungry countries. Not only did its 
volume decrease as stocks were depleted, and did the terms pro- 
gressively harden, but its structure also changed, since in 1966 
a progressive shift from local currency sales to long-term 
dollar sales was decided. Apparently, food aid was used as a 
local tactical means instead of a long-run complex policy. 
Hence : 

L e s s o n  3 

D i f f e r e n t  f o rms  o f  food a i d  m u s t  b e  i n v e s t i g a t e d  i n  a  l a r g e r  
c o n t e x t ,  t o g e t h e r  w i t h  a l l  t h e  p o s s i b l e  s h o r t -  and l o n g - r u n  
e f f e c t s  o n  p r o d u c t i o n  i n  f o o d - d e f i c i t  c o u n t r i e s  a s  w e l l  a s  i n  
t h o s e  w i t h  s u r p l u s e s .  

Those who approach the long-run problems in terms of popu- 
lation, nutrition, and natural quantities of production (without 
using the economic concepts of supply, demand, and prices) gener- 
ally start by comparing the population explosion with the possible 
increase in production. The most disturbing symptom, according 
to them, is the fact that because of the population explosion, 
the per-capita food production is not increasing in the developing 
nations (see Figure 2). But the fastest population growth is 
just in those countries where the food problem is the gravest. 

I do not think it is necessary to discuss here the pre- 
dictions for population growth (see Table 2). It seems to be 
more or less a hard fact that the world population will be above 
six billion at the end of this centurv ( U N  World P o p u l a t i o n  Pros -  
p e c t s  1970-2000 a s  A s s e s s e d  i n  19731. The margin of error of 
demographic predictions does not influence the essence of the 



problem. The d i f f e r e n c e  between minimum and maximum was 2  b i l -  
l i o n  i n  t h e  1957 f o r e c a s t ,  1 .5  b i l l i o n  i n  t h e  1966 f o r e c a s t ,  
and 0.8 b i l l i o n  i n  t h e  1973 f o r e c a s t .  The d i f f e r e n c e  i s  d u e  t o  
changes  i n  t h e  e s t i m a t e d  minimum. The maximum h a s  n o t  changed 
s u b s t a n t i a l l y :  a  c a s e  f o r  t h e  p e s s i m i s t s .  

1 40 

INDEX 
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DEVELOPING COUNTRIES 

I 4 O T  

( INCLUDING CHINA ) 

TOTAL t FooD PRODUCT& 
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100 
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Y E A R  

Figure 2. Total per capita food production. 

T a b l e  2. Es t imated  world p o p u l a t i o n  i n  t h e  y e a r  2000 
( i n  m i l l i o n s )  . 

Minimum Medium Maximum 

World population 

Developed countries  1308 1360 

Developing countries  4530 4893 5203 

A s  t h e  p o p u l a t i o n  i n c r e a s e  c a n n o t  b a s i c a l l y  b e  changed 
w i t h i n  t h e  n e x t  25-30 y e a r s ,  we must  t u r n  t o  v a r i o u s  ways o f  i n -  
c r e a s i n g  food p r o d u c t i o n .  G e n e r a l l y ,  t h e  r e s o u r c e s  f o r  food  
p r o d u c t i o n  a r e  e v a l u a t e d  i n  a  v e r y  complex way. Many f a c t o r s  a r e  
c o n s i d e r e d ;  a  g l a n c e  a t  F i g u r e s  3 and 4 shows how r i c h  t h e  f i e l d  
o f  a l t e r n a t i v e  t e c h n i c a l  improvements is. ( I n c l u d i n g  l e a f  pro-  
t e i n  i n  F i g u r e  3 was somewhat a r b i t r a r y ,  t h i s  b e i n g  a  b o r d e r  c a s e  
between a g r i c u l t u r e  and n o n - a g r i c u l t u r e ;  b u t  a s  an  i m p o r t a n t  
p o s s i b l e  f u t u r e  t e c h n o l o g y  it had t o  b e  r e p r e s e n t e d  somewhere.) 
F o r  r a i s i n g  a g r i c u l t u r a l  p r o d u c t i o n ,  t h e  c u l t i v a t i o n  o f  more 
a r a b l e  l a n d  is  t h e  mos t -d i scussed  p o s s i b i l i t y .  There  i s  a  wide 



range of estimations, some of them assuming that we can double 
the present cultivated area. However, the low quality of the 
new land would require considerable capital investments. 

\ 

Genentic Improvement 

Pest ic ide  Improved Photosynthesis 
Reactions t o  
Other Inputs 

Figure 3. Agricultural production. 

F isher ies  Sinqle c e l l - p r o t e i n  
Aquaculture 

Yeast, Fungi 
(Photosynthesis) (Fermentation 0.5-2 hours) 
12 hours 

Chlorel les  

Bio log ica l  Procedures 
Organic Synthesis 

Figure 4. Non-agricultural production. 

Raising yield is also hopeful. Increasing different in- 
puts as well as genetic improvement are promising areas for in- 
creasing yields; among the latter, high-yield varieties (HYV) 
must be mentioned, as they are the basis for the green revolu- 
tion which we shall discuss later on. 

Non-agricultural production (Figure 4) is perhaps less prom- 
ising. Seemingly, we have reached the limits of increasing 
the volume of fish catches. Single-cell proteins using photo- 
synthesis are negligible. After the hope that chlorelles would 
provide mankind with enough food, it soon turned out that they 
are no more efficient at photosynthesis than conventional plants: 



they must be supplied with CO2, which conventional plants col- 
lect from the air; they must be shielded from other organisms. 
In some places spirulina (blue algae) serve for human consump- 
tion. They seem to be more useful. However, the real possibil- 
ities in this area are bacteria, yeast, and fungi, fed either 
on hydrocarbons or on another basis. 

We can see now that food as such is not a natural resource. 
It is a product of various primary inputs. Yet we use this 
complex term when estimating our future resources. Thus, the 
estimation procedures inevitably involve our views, intuitions, 
and investigations into the various factors presented in fig- 
ures 3 and 4. The estimations become even more uncertain when 
future development has to be predicted in all the different 
fields. Veritable waves of optimism appear from time to time 
on the food scene, trusting now in green algae (chlorelles) and 
then in the green revolution. True, all the new technologies 
bring some improvement. but they never revolutionize production. 
From the first inventions to widespread commercialization, a 
long time span is needed; side effects and disadvantages are 
realized only later. 

The field is challenging, though. The quantities we deal 
with are so large that the slightest improvement can have an 
immense effect. For example, "...by photosynthesis, yearly, 200 
billion tons of atmospheric carbon are turned to sugar, which 
is 100 times more than the combined weight of all that man pro- 
duces in that time" (Hellman: Feeding the World of the Future). 
In addition, only 0.1-l'.O% of the light falling on a plant is 
utilized at present. This can be raised by new techniques to 
3-81. Another example is the growth of SCPs. The doubling time 
of the weight of bacteria is 1/2 to 2 hours; of algae, 12 hours; 
of crops, 7-14 days; and of animals: 30-60 days. So it is 
understandable that optimism prevails concerning future techni- 
cal development. However, the options are often competitive, at 
least with respect to the resources for research and develop- 
ment. Not all options can be realized. The problem of techni- 
cal development today is one of choice, not of capability. 

We are like the Regent during the minority of Louis XV, 
referred to in a book on population, "...who had all the talents 
except the talent to make use of them". Clearly all the options 
have side effects and far-reaching consequences. Any choice 
has to take into account the immense complexity of the problems, 
which was illustrated by the history of the green revolution. 
Exaggerated hopes were followed by exaggerated disappointment 
when it was found that the long-run trends were not dramatically 
changed (see Figures 5 and 6). No one questions its immense ad- 
vantages, but no one thinks nowadays that a real breakthrough 
in agriculture has been achieved. Most of the experts agree 
that the main constraint was that the combined increments in many 
inputs could not be realized. HYV were not enough; more fertil- 
izer and more irrigation would have been needed. The changes 
required were too complex, and the bottleneck was the old system 
itself. 
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Growing complexity, in addition, means growing dependence 
on fertilizer and pesticide imports, and thus growing vulner- 
ability through international trade situations. Thus we may 
state: 

Lesson 4 

When technical development i s  modeled, t h e  complementarity 
a n d  interaction of t h e  different elements of the food production 
system and t h e  inducements a n d  constraints of t h e  international 
environment cannot La neglected. The model must d e a l  w i t h  t h e  
whole intersectoral a n d  international complexity of t h e  problem. 

Of course, not only the production technology offers new 
possibilities. There is another field where adjustment will be 
possible. It is n o  less complex: and, beinq more bound to tra- 
dition, it is more irrational. This 1s the field of diet. By 
introducing new diets in various parts of the world, we could 
shorten the food chain and dispose of a lot of inefficiently 
used calories. Yet habits are hard to break. Religious, social, 
and cultural problems appear when we try to introduce new foods. 

We can see that estimating food resources is a highly com- 
plex task involving the problems of technical development and 
dietary changes. That is why the predictions are generally 
based on long, elaborate studies, and why the estimated figures 
are so different. It is impossible to go into a detailed anal- 
ysis of the assumptions and calculations of those who will be 
cited. I shall list just some results (summarized in Table 3). 

- According to a qtud~ of the University of California 
( A  Hungry World: The Challenge to Agriculture, 1974), 
8 billion people can be fed, using the 1970 level of 
technology and all potentially arable land. 

- According to Roger Revelle (Food and Population, arti- 
cle in Scientific American, September 1974), 38-48 bil- 
lion people can be fed, using the 1970 level of technol- 
ogy and all potentially arable land. 

- According to J. Klatzman (Nourrir dix milliard d'hommes?, 
1975), the figure is 10-12 billion. He calculated 
with 14.5 million km2 land, added a maximum of 10 mil- 
lion poor-quality land, and deducted l million excellent- 
quality land for urban development. A threefold rise 
of the water requirement (from 2000 billion to 6000 bil- 
lion m3) will be needed. Single-cell proteins in large 
quantities can be expected only from "bacteria on oil" 
technology. Klatzman thinks that a production of 2 
million tons will be possible (1 gram per person per day 
for 5 billion people). 



Colin Clark (Population _Growth and Land Use, 1967) is 
convinced that 150 bzlion is the final number, counting 
77 million km2 arable land and a calorie intake of 
1600-2000 Kcal per person per day. He has another esti- 
mation of 45 billion, calculated with 14 million km2 
and an average North American diet. 

Linnemann and others, in their model MOIRA, made a purely 
theoretical estimation of the upper limit of food pro- 
duction. They found that the 1965 production was a 
mere 3.2% of the theoretically possible quantity. In 
other words,: from a technical point of vieu, about 30 
times as much consumable protein could have been produced. 

Table 3. Food resources in terms of estimated 
number of people that can be fed. 

Studies made by: 

University of California 8 Billion 

R. Revelle 

J. Klatzman 

Colin Clark 

38-48 Billion 

10-12 Billion 

150 Billion 

Colin Clark (different assumption) 45 Billion 

Linnemann (purely technical capa- 90 Billion 
city 30 1965 production 
level) 

Though these resource estimations show a wide spread (which 
also shows their high uncertainty level), they are reassuring, 
as even the lowest population figure is higher than that pre- 
dicted by the UN for the year 2000. 

As food is a renewable resource, ecological limits will 
determine the sustainability of its production. There are some 
dangerous trends. Deforestation and increased use of mountain 
slopes leads to erosion and flooding; as a secondary effect, 
when wood disappears, people use dung for cooking, which de- 
prives the soil of organic matter. Overgrazing leads to the 
spread of deserts; expanding irrigation systems lead to water- 
logging and salinity, and excess silt fills the reservoirs. 
The use of chemicals may lead to long-range pollution. Although 
they evaporate, the time of evaporation ranges from a few hours 
to nine months for DDT (which, as is well known, also accumu- 
lates more and more as it gets higher in the food chain). Evap- 
orated pesticide rises by upward diffusion to the upper atmo- 
sphere, into the ozone 1aw-r which breaks up any organic mole- 
cules. Besides the ground-level slnK, we therefore have a per- 



fect sink above 50 km. But this sink is also in danger. Ex- 
pert interest in upper atmospheric chemistry is increasing. 
Depletion of ozone, by nitrite oxides liberated by supersonic 
high-altitude aircraft and by atomic chlorine derived from 
aerosol propellants, has been predicted. The upper atmosphere 
is where we must look for long-term pollution chemistry. It is 
a region where the ultimate cleanup of all organic misfit chem- 
icals takes place, but there is a possibility of disastrous 
interference with the present chemical balance (G.S. Hartley). 

All the technical options lead to grave ecological con- 
sequences because of the large scale on which they must be 
applied. These consequences must be measured and calculated 
with all their secondary and long-range effects. The farther 
the new technology is removed from decentralized and more natural 
ways of production, the more difficult it is to calculate a 
stable artificial system. The danger in the present process is 
that we are industrializing the last natural process (agricul- 
ture) just when we have realized that we need to create a cir- 
cular technology in industry that is more analogous to biology. 

Whatever the ecological consequences of the different 
options are, we are far from reaching the limits in the near 
future. The technical limits of production easily allow a 
leisurely attitude in this field. However, something is wrong 
with stating the problem this way. All the disputes about the 
limits to growth, the population explosion, and the fast increase 
in use of natural resources center around the following three 
questions. 

1. Is the growth curve exponential or logistic: will it 
level off in the foreseeable future? 

2. Can we neutralize one growth curve with another (e.g. 
population explosion, or depletion of natural re- 
sources, with rapid technical development)? 

3. How much time is left before the limits are reached? 

All these questions are connected with the future, and 
however reassuring the answers might be--in most cases they are 
not--they do not touch upon the most important problem of the 
present. 

I will give just one simple example to illustrate the na- 
ture of this problem. What would be the reaction of the nation- 
al governments if the immigration quota were to be raised to 
a modest 15 million people per year (USA), 1 million (Poland), 
or 0.3 million (Hungary)? They would certainly not rely only 
on traditional mechanisms and old, proven institutions. The 
vision one gets is much more reminiscent of emergency and disas- 
ter. The example I used was just the present increase of 
the population in India, proportionalized to the countries 
mentioned, and was not extreme. 



When talking about future limits, we forget this obvious 
problem of the present: the inconsistency of old adaptation 
mechanisms with the present rate of population change in the de- 
veloping countries. Thus we have: 

Lesson 5 

Understanding dynamics is understanding the present rate 
of population change, with all its implications for the existing 
adaptation mechanisms. 

Quite independently of the dynamic problem, we also have 
a problem in the present. Most of those looking far into the 
future forget that the crisis is present (Figure 7). 

POPULATION IN MILLIONS 

500 0 500 3000 

NUMBER AND 
PERCENTAGE 
BELOW MINIMUM 3'10 2 8  1070 DEVELOPED REGIONS 
NOURISHMENT 
LEVEL 30% 1020 FAR EAST 

( CENTRALLY PLANNED 
ECONOMIES IN ASIA 
EXCLUDED ) 

l8'lo 30 7 NEAR EAST P 
Figure 7. World hunger. 

Technical development, diet change, cultivating more arable 
land--all these need time, in some cases a very long time. But 
malnutrition and starvation are present as measurable facts, 
and they need an immediate solution. Thus, only one possibility 
is left for denying the existence of a global food crisis: 
saying that it is a local phenomenon, not a global one. There 
are millions of malnourished people, but this is not a world 
problem; it is the problem of Bangladesh, India, the Sahel zone 
countries, and so forth, and should be solved by them; it may 
be local mismanagement, governmental ineptitude, historically 
conditioned backwardness; but whatever it is, it has local causes 
and requires local solutions. 



The answer t o  t h i s  r ea son ing  is s imple :  i n  some o f  t h e  
developing  c o u n t r i e s ,  no l o c a l  s o l u t i o n  is  p o s s i b l e  i n  t h e  s h o r t  
run.  Local  s o l u t i o n s  would need t ime,  b u t  a s  hunger i s  p r e s e n t ,  
we have b u t  two a l t e r n a t i v e s :  t o  s o l v e  it g l o b a l l y  o r  n o t  a t  
a l l .  Thus, we can draw t h e  main l e s s o n  f o r  IIASA: 

Main l e s s o n  

To r e a c h  a  g l o b a l  s o l u t i o n  a  g l o b a l  model i s  needed r e -  
f l e c t i n g  a l l  t h e  d i r e c t  and i n d i r e c t  e f f e c t s  o f  n a t i o n a l  and 
i n t e r n a t i o n a l  a g r i c u l t u r a l  p o l i c i e s .  

I n  a r r i v i n g  a t  t h i s  p o i n t ,  we have g r a d u a l l y  s p e c i f i e d  
t h e  b a s i c  requi rements  t h a t  ou r  model should  meet.  Let  me r e -  
p e a t  some o f  t h e  impor tan t  l e s s o n s  and t h e i r  consequences,  
a p p r o p r i a t e l y  s t r u c t u r e d  f o r  t h e  model t o  be b u i l t .  

The model w i l l  be a  p o l i c y  model whose f i n a l  aim i s  t o  
f i n d  p o l i c i e s  t h a t  can  reduce  o r  even e l i m i n a t e  hunger i n  t h e  
s h o r t  run ,  and h e l p  t o  r each  an adequate  l e v e l  and s t r u c t u r e  
o f  s u s t a i n a b l e  product ion  i n  t h e  long  run.  

By i n v e s t i g a t i n g  symptoms, we have found t h a t  hunger e x i s t s  
now; t h a t  it i s  temporary,  stemming from t h e  d i f f e r e n t  r a t e s  
o f  popu la t i on  growth and food p roduc t ion ,  and l o c a l ,  o c c u r r i n g  
i n  t h e  developing  c o u n t r i e s ;  and t h a t  it can be i n f luenced  by 
n a t i o n a l  and i n t e r n a t i o n a l  p o l i c i e s .  This  i n f l u e n c e  should  be 
measured i n  o u r  model. 

Bes ides  t h e i r  i n f l u e n c e  on hunger ,  p o l i c y  measures such a s  
food a i d  and i n t e r n a t i o n a l  s t o c k s  have secqndary e f f e c t s  on 
t h e  l e v e l  o f  product ion  i n  t h e  a f f e c t e d  c o u n t r i e s ,  on t h e i r  
t e c h n i c a l  development i n  a g r i c u l t u r e ,  on t h e i r  economies, and 
on long-run s t r u c t u r a l  changes.  These e f f e c t s  a l s o  have an  
impact  on wa te r  and energy systems,  on t h e  environment ,  on m i -  
g r a t i o n  p a t t e r n s ,  and on s o c i a l  s t r u c t u r e .  The model should  
show t h e s e  d i r e c t  and i n d i r e c t  e f f e c t s .  

Without r e f l e c t i n g  t h e  dynamics of  t h e  system--the t ime 
l a g s  and t h e  consequences of  t h e  d i f f e r e n t  r a t e s  o f  change i n  
popu la t i on  growth, product ion  i n c r e a s e ,  and t e c h G c a l  develop- 
ment--the r e s u l t s  would n o t  be u s e f u l .  The main problem w i l l  
be how t o  minimize hunger wh i l e  a t  t h e  same t ime i n t r o d u c i n g  
c o n s t r a i n t s  t o  p reven t  long-run d e t r i m e n t a l  e f f e c t s  on t h e  
l i s t e d  a r e a s .  

Before i n t e r n a t i o n a l  p o l i c i e s  a r e  planned it must f i r s t  be 
understood how t h e s e  p o l i c i e s  work. Therefore ,  b e f o r e  develop- 
i n g  normative models we must s t a r t  w i t h  an adequate  d e s c r i p -  
t i o n  o f  t h e  e x i s t i n g  i n s t i t u t i o n a l  framework, u s ing  a  bottom- 
up approach.  Accordingly,  we would l i k e  t o  s t a r t  on t h e  l e v e l  
o f  i n d i v i d u a l  n a t i o n s  ( s e e  F igu re  8). Our f i r s t  o b j e c t i v e  
w i l l  be t o  d e s c r i b e  t h e  a g r i c u l t u r a l  s t r u c t u r e  o f  t h e  most i m -  
p o r t a n t  20-25 c o u n t r i e s ,  r e p r e s e n t i n g  70-80% o f  t h e  wor ld ' s  



agricultural production, consumption, and trade. In this na- 
tional model, the capacity of primary input factors, the present 
conversion coefficients representing actual technology, the 
intermediate production, and final supply, demand, and prices, 
will be represented with all their dynamic interactions. An 
integral part of the description will be the possibility of 
expressing any consumption structure in terms of nutritional 
values. Thus, indirect effects of policy changes will be mea- 
surable in terms of nutrition. 

OBJECTIVE 3 

Figure 8. Hierarchy of objectives on the national level. 

Water 
Energy 
Land 
Migration 

The second objective is description of the agricultural 
policy objectives and j.nstruments of the selected countries, 
and of the consequences of the policy alternatives on their 
agricultural structure. The experience is that a veritable 
policy wilderness exists. Policy measures are generally taken 
in the interest of some well-defined groups inside the system. 
Price subsidies, export subsidies, protectionist measures, and 
the like lead to complicated chain reactions, generally not 
measured. The main effects of such policies are often not 
those originally planned. These indirect secondary conse- 
quences of agricultural policies should be shown by the model. 

Agricultural 
Structure 

OBJECTIVE 1 

1 

Third, we must describe the secondary consequences (through 
the expected structural changes) on water resources, energy 
resources, environment, land conservation, migration patterns, 
and social structure. The measurement and evaluation of these 
effects might be the most difficult part of future research. 

Policy 
Objectives 

OBJECT1 VE 2 

- Policy 
Instruments 

A 



After adequate description of the national agricultural 
systems we shall turn to the global level (see Figure 9). 
Here we will describe the interactions among national policies 
and among the international and national structures. Through 
sensitivity analysis we will investigate how the national systems 
react to policies of other countries, national food aids, 
changes in the international trade pattern, changes in the in- 
ternational finance situation (e.g. exchange rates, balances of 
payment), and international technical development and its 
adaptat ion. 

Figurc 9. [Iicrarchy of objectives on the international level. 

Nat'l _, Nat'l Nat'l , Nat'l 
policy Agric. Agric. Policy 

The primary reactions will induce chain reactions in the 
internal structure of individual countries. Connecting the 
national models into an international structure will present one 
of the most difficult methodological problems of the research. 
Trade models, econometric methods, game-theoretical approaches, 
simulation, and heuristic methods will be investigated before a 
decision is reached. 

Having arrived at an adequate representation of the inter- 
national system, we will describe the international agricultural 
policy objectives and instruments--especially international 
food reserves, price policy alternatives, and food aid--and 
their effects on making the latent demand manifest in single 
countries, reducing or avoiding temporary hunger, changing income 
distributions, long-run agricultural development (structure 
and productivity), and changes in international structure 
(self-sufficiency versus comparative advantage) 
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Clearly, not all these objectives can be completely real- 
ized in the short term, but they should be kept in mind as a 
frame of reference. 

We are aware that our plan is ambitious. But if there is 
a time for ambition and optimism, it is at the start of the re- 
search, while we are still undisturbed by insufficient methods 
and-annoying facts. Experience has taught us that the time 
will come soon enough when we will need all our confidence and 
optimism to overcome the inevitable difficulties. 





Panel Discussion 

GLOBAL ENERGY SYSTEMS 

G.B. Dantzig 

What should be the form of a global energy model? 

I would recommend the development of a PILOT Energy Model 
along the lines of the one being built at Stanford for the USA, 
except in a global setting. This model was started by work of 
Hafele, Schikorr and Manne at IIASA. Its purpose was to develop 
a plan for expansion of energy facilities to meet population 
growth and energy needs. It was a model for a hypothetical 
country somewhere between the size of the USA and the USSR. Our 
research at Stanford was influenced by the further work in the 
USA of Manne and that of Hoffman on the Brookhaven Model. The 
components of the PILOT Model for the USA are: 

- R e s e r v e s :  Detailed description of the energy 
sector, beginning with a statement of potential 
reserves of coal, oil, gas, uranium ore; 

- D i s c o v e r y :  Finding rates as more and more 
equipment is used to discover new reserves 
and methods of extraction; 

- Energy t e c h n o l o g y :  Detailed description of the 
energy technology in terms of what is needed from 
the economy to build equipment to discover, 
extract, and process energy into a useable form; 

- C u r r e n t  s t a t u s :  Current statements on capacity 
and production. 

- Genera l  economy: General description of the 
economy in input-output terms, general description 
of what is needed to expand capacity; information 
on current economic status--capacity of industry, 
production, international trade; 

- Consumer demands: Description of consumer demands, 
historical consumption patterns, effects of changes 
in income and prices on demands; trends; effect of 
equipment stock (electric stoves, automobiles, 
etc.) on demands; 

- O b j e c t i v e s :  Statement that the general objectives 
of the economy is to maximize the increase of the 
standard of living. 



It seems to me useful to build a w o r l d  PILOT Model similar 
to the Stanford Model for the USA. Some care will have to be 
exercised that the requirements for transportation between the 
location of resources, the location of manufacturing facilities 
and the locations of world populations are reasonably approxi- 
mated. This will require, probably, a satellite transportation 
model. A second case: there are great discrepancies between 
the living standards of different countries as well as between 
people within countries. There are also differences in con- 
sumption patterns. These are not too difficult to represent in 
the model. Various plans for eliminating the discrepancies 
among countries and among classes within countries could be 
studied. 

The Stanford PILOT Model is expressed insofar as is pos- 
sible in terms of physical flows. For a world model, I believe 
it essential to do the same. Monetary considerations such as 
balance of payments, block currencies, tax, salary, profit, 
prices response, investment policies enormously complicate the 
analysis, and it is better to see how to make the monetary 
policy serve the ends of maximizing the standard of living by 
the proper expansion of energy production. 

M. Styrikovich 

This session includes many interesting topics for dis- 
cussion in a global energy perspective, but because of the time 
shortage, I want to concentrate mainly on one question--a global 
energy model for the transition period. This period will be 
rather long, and any serious attempt to investigate various ways 
of going through all the difficulties of this critical period 
as smoothly as possible needs a really global approach. We must 
take into account the peculiarities of several typical groups 
of countries that differ greatly not only in the structure of 
society, but also in natural conditions, degree of development, 
and life style. These conditions vary considerably even for 
developed countries. You will recall a graph in Hafele's pre- 
sentation* showing the percentage of useful energy in some highly 
developed countries. Only a small part of that energy was in 
the form of electricity. A much larger part was in the form of 
industrial heat and heat for the residential and commercial 
sector; and the heat supply possibilities are quite different in 
other countries. 

The life styles of the Soviet Union and the United States, 
for example, are quite different; the possibilities of meeting 
energy needs, especially by a centralized supply from nuclear 
power stations, will differ widely. In the United States, the 
large majority of the population lives in one-family houses, 

* 
This volume. 



spaced out in large suburbs outside the cities. In the Soviet 
Union, the majority of people live in flats in multi-storey 
apartment buildings rather closely grouped in sections of the 
city. Thus in the United States only one type of supply pattern 
has so far been needed for residential heat, air conditioning and 
hot-water supply: small individual boilers based on domestic 
liquid fuel. In the Soviet Union, the housing areas of cities 
as a rule have district heating with big hot-water pipeline 
systems from electrical stations producing, in combination, elec- 
tricity and low temperature heat. 

Specific energy needs for transport are connected with the 
settlement pattern. In the United States, a large part of the 
population travels from home to place of work by private car, 
which means a very large amount of liquid fuel for each man-kilo- 
meter. In the Soviet Union, most people use municipal transport: 
the electrified railway, the underground, and the trolleybus 
or autobus running on set routes; the latter can be replaced by the 
electrobus in the near future. So we see that the percentage 
of consumers relying on either liquid fuel or electricity 
plus (shortly) district heating from nuclear stations is quite 
different in the two countries. 

But this is not the only difference. You have to take into 
account, for example, that some countries--mainly well-developed 
ones--are in moderate or cold climate zones, while many of the 
developing countries are in tropical zones. Thus the needs for 
the household sector will be quite different. 

For a global model system, I think it might be possible to 
lump into several blocks countries with almost the same life 
style, degree of development, and natural conditions. Of course 
it would be very difficult to combine these blocks in one com- 
plex; but that is a question connected with modeling, and it 
is not my specialty. I leave this to Dantzig and other experts 
in that field. The greatest difficulty today is to build such 
a model for developing countries; in well-developed countries, 
as a rule we already have national models that can be combined 
into one system. In developing countries, the situation is 
quite different. There is no possibility of using experience 
drawn from history for model building. The developed countries 
evolved slowly, in pace with the growth of new technologies; de- 
veloping countries, by contrast, must grow from a low level at 
a time when these technologies already exist. A way must be 
found to adapt modern technology to the conditions of developing 
countries with their excess of free labor, lack of skilled labor, 
and limited number of trained people. If IIASA could organize-- 
perhaps with financial assistance from some international body-- 
a group that includes both well-known modeling specialists and 
representatives of developing countries who are familiar with the 
conditions of those countries, I think that such an experiment 
could be useful. 



Discussion ( W .  Sas s in ,  Rapporteur) 

Following t h e  s t a t emen t s  of Dantzig and S ty r ikov ich ,  t h e  
panel  members emphasized t h e  touch s i t u a t i o n  a r i s i n g  from 
cooling-water  requirements i n  dense ly  populated and i n d u s t r i -  
a l i z e d  regions .  It  was s t a t e d  t h a t  t h i s  s p e c i f i c  c o n s t r a i n t  
w i l l  i n c r e a s i n g l y  favor  l a r g e  convers ion  p l a n t s  s i t e d  along t-he 
c o a s t l i n e  of t h e  oceans.  More g e n e r a l l y ,  t h e  panel  conceded 
t h a t  f o r  va r ious  reasons  a p rope r ly  designed and implemented 
s t r a t e g y  f o r  deploying t h e  economy of s c a l e  w i l l  l e a d  n e i t h e r  
t o  a  h igh ly  vu lne rab le  system nor t o  a s i t u a t i o n  where o t h e r  
o p t i o n s  t h a t  might t u r n  up l a t e r  a r e  fo rec losed .  A combination 
of c o a l  and nuclear  energy a s  primary energy sources  and a s t r o n g  
i n t e r l i n k i n g  of g r i d s  f o r  secondary energy w i l l  bo th  c o n t r i b u t e  
t o  g r e a t e r  f l e x i b i l i t y  of f u t u r e  energy systems. S t i l l ,  it was 
maintained t h a t  p o s s i b l e  a c t s  of t e r r o r i s m  r e q u i r e  s p e c i f i c  
p recau t ions ,  and t h a t  t h e  proper s i z e  of energy p l a n t s  w i l l  have 
t o  be a compromise between t h e  t r a d e o f f s  i n  economy and s a f e t y .  
Whether a  l a r g e  number of smal ler  u n i t s  can be safeguarded more 
e a s i l y  than  one b i g  u n i t  cannot  be judged on gene ra l  cons idera-  
t i o n s ,  however. 

Regarding t h e  importance of t h e  development of  energy demand 
f o r  t h e  formula t ion  of any energy s t r a t e g y ,  t h e  ques t ion  was 
r a i s e d  how t o  improve g l o b a l  economy models. LP models wi th  
energy a s  an endogenous v a r i a b l e  were g iven t h e  l a r g e s t  c r e d i t .  
Two d i f f e r e n t  opin ions  evolved,  however, on which t y p e  of objec-  
t i v e  func t ion  would be more use fu l :  t h e  t r a d i t i o n a l  one ex- 
pressed  i n  terms of monetary u n i t s  o r  a  new one expressed i n  
terms of l i f e - s t y l e  components. 

GLOBAL RESOURCES 

Z .  Kaczmarek 

Unlike r e s e r v e s  of c o a l ,  o i l ,  s o i l  and o t h e r  s i m i l a r  r e -  
sources ,  t h e  g l o b a l  s tock  of water  cannot  be dep le t ed .  Water 
r e s o u r c e s  may, however, be used i n  a more o r  l e s s  r a t i o n a l  way, 
and,  a t  l e a s t  p a r t l y ,  may be des t royed by p o l l u t i o n  from man's 
a c t i v i t i e s .  People and n a t i o n s  tend t o  t a k e  water  f o r  g ran ted  
u n t i l  s eve re  d i f f i c u l t i e s  a r i s e ,  and then  t o  regard  it a s  a l o c a l  
concern.  The c u r r e n t  c i rcumstances  of popula t ion  and i n d u s t r i a l  
growth, geographica l  d i v e r s i t y  and t echno log ica l  complexity 
f o r c e  a new r e c o g n i t i o n  of t h e  r e s p o n s i b i l i t y  t h a t  n a t i o n s  sha re  
i n  managing t h e  wor ld ' s  water  r e sources .  

The t o t a l  volume of t h e  E a r t h ' s  water  i s  es t imated  a t  about  

1 . 4  . 109km3 ( s e e  Figure  1 ) .  However, more than  97 percent  of 
t h i s  t o t a l  is  t h e  s a l t y  subs tance  of t h e  oceans.  I t  i s  a l s o  
e s t ima ted  t h a t ,  a t  any g iven t ime,  about  77 pe rcen t  of  t h e  f r e s h  
water  i s  s t o r e d  i n  i c e  caps  and g l a c i e r s ,  2 2  pe rcen t  i n  ground- 
water ,  and only  0.01 pe rcen t  i n  s t reams.  A t  t h e  same t ime,  man's 



r equ i r emen t s  a r e  m e t  l a r g e l y  by t h e  wi thdrawal  o f  t h e  wa t e r  flow- 
i n g  i n  s u r f a c e  s t r e ams .  Although groundwater  r e s o u r c e s  have been 
g r e a t l y  developed i n  some p a r t s  of t h e  wor ld ,  t h e i r  a g g r e g a t e  
u s e  on a  g l o b a l  s c a l e  i s  much less t h a n  t h a t  o f  s u r f a c e  wa t e r .  

Loca t ion  o f  F r e sh  Water ( i n  % )  

Ice c a p s  and g l a c i e r s  77.0 
F re sh  
Water Groundwater 22.0 

2.7% Lakes 0.35 

Atmosphere 0.04 

Streams 0.01 

Figure 1. World water supply. 

The f a c t  t h a t  w a t e r  c i r c u l a t e s  s e v e r a l  t i m e s  d u r i n g  a  y e a r  
d e t e r m i n e s  i t s  a v a i l a b l e  supp ly .  Driven by t h e  s u n ' s  ene rgy ,  
wa t e r  f l ows  from t h e  oceans  t o  t h e  a tmosphere ,  t h e n  t o  t h e  con-  
t i n e n t s  and ,  i n  t h e  form of  r i v e r  d i s c h a r g e s ,  back t o  t h e  oceans .  
Rough e s t i m a t e s  can  be made f o r  t h e  r i v e r  r uno f f  f o r  t h e  wor ld  
a s  a  whole and by c o n t i n e n t s .  The runo f f  d a t a  p r e s e n t e d  i n  
Tab l e  1  a r e  based on a  monograph by M. I. Lvov i t ch  [ I ] ,  and a r e  
r e l a t e d  t o  e s t i m a t e s  o f  world popu l a t i on .  Data on " f i r m "  runof f - -  
i .e . ,  r uno f f  o f  v e r y  h i g h  p r o b a b i l i t y  of occur rence- -a re  p r e s e n t e d  
i n  a d d i t i o n  t o  t h e  ave r age  o r  t o t a l  v a l u e s ,  because  of  t h e  r an -  
dom v a r i a b i l i t y  o f  r i v e r  d i s c h a r g e s .  I n  f a c t ,  o n l y  t h e  v a l u e s  
f o r  f i r m  runo f f  c an  be compared w i t h  wa t e r  demands t o  de t e rmine  
t h e  s i t u a t i o n  i n  a  g iven  a r e a .  

There a r e  tremendous d i f f e r e n c e s  among a r e a s ,  r a n g i n g  from 
rocky d e s e r t s  w i t h  v i r t u a l l y  no w a t e r ,  t o  t r o p i c a l  f o r e s t s  w i t h  
a  wa t e r  s u r p l u s  th roughout  t h e  y e a r .  Even i n  t h e  c o u n t r i e s  o f  
I IASA8s N a t i o n a l  Member O r g a n i z a t i o n s ,  t h e  ave r age  y e a r l y  s u r f a c e  

3 wate r  r e s o u r c e s  a v a i l a b l e  v a r y  from 128,000 m / c a p i t a  i n  Canada, 
3 

t o  abou t  800 m3/capi ta  i n  Hungary ( F i g u r e  2)  . I n  a d d i t i o n ,  t h e r e  
a r e  d a i l y  and annua l  v a r i a t i o n s  i n  t h e  supp ly  of  wa t e r .  R e l i a b l e  
wate r  r e s o u r c e s  f o r  s p e c i f i c  a r e a s  and g iven  t ime  p e r i o d s  may 
t h e r e f o r e  be s m a l l e r  t h a n  t h e  e s t i m a t e d  ave rage .  The r a t i o n a l  
t i m e  r e d i s t r i b u t i o n  o f  w a t e r  r e s o u r c e s  by means o f  s t o r a g e  
sys tems  and l ong -d i s t ance  wa t e r  t r a n s f e r s  may s u b s t a n t i a l l y  
i n c r e a s e  t h e  a v a i l a b l e  amount o f  u s a b l e  wa t e r .  



Table 1 . River runoff (m'/~a~ita/~ear) . 

Continent Total Firm* 
Runoff Runoff 

Africa 12,060 5,430 

Asia 6,100 1,850 

Australia 121,000 30,860 

Europe 4,760 2.020 

N. America 22,160 8,920 

S. America 41,800 15,730 

World 10,490 3,790 

* 
Runcff of very high probability of occurrence. 

After: [I] 

rn3 ICAPITA I YEAR 5,000 l0,OOO 128,000 

D 

CZECHOSLOVAKIA 

Figurc 2. Wattrr rcsourccs of IIASA NMO countries. 



Accord ing  t o  estimates made on t h e  g l o b a l  scale, t h e  con- 
s u m p t i v e  u s e  o f  w a t e r  o v e r  t h e  n e x t  50 y e a r s  w i l l  b e  l e s s  t h a n  
r e l i a b l e  s u r f a c e  f r e s h  w a t e r  r e s o u r c e s  (see F i g u r e  3 ) .  I n  
g e n e r a l ,  a n  i n c r e a s e  i n  w a t e r  demand i s  p r o p o r t i o n a l  t o  a n  i n -  
c r e a s e  i n  n a t i o n a l  income o r  i n  G r o s s  N a t i o n a l  P r o d u c t  (GNP). 
I n  t h e  USA, f o r  example ,  t h e  r a t e  o f  w a t e r  consumpt ion  i n  1970 
i n  r e l a t i o n  t o  1950 was a b o u t  2 . 3 ,  w h i l e  t h e  GNP of  t h e  USA 
d u r i n g  t h e  same p e r i o d  i n c r e a s e d  2 . 1  t i m e s .  S i m i l a r  r e l a t i o n -  
s h i p s  were  o b s e r v e d  f o r  s o c i a l i s t  c o u n t r i e s  i n  E a s t e r n  Europe.  
I t  i s  e x p e c t e d  t h a t  t e c h n o l o g i c a l  p r o g r e s s  w i l l  l e a d  t o  t h e  u s e  
o f  l e s s -wate r -consuming  t e c h n o l o g i e s  by i n d u s t r y ,  s o  t h a t  t h e  
f u t u r e  r e l a t i o n s h i p  between w a t e r  consumpt ion  and  n a t i o n a l  income 
may change .  

t FIRM RIVER RUNOFF 

0- 
1970 1990 2010 2030 

YEAR 

Figure 3. Estimated world water resources versus demand. 

Af t r r :  [ 1 , 2 , 3 ]  

Water p rob lems  are u s u a l l y  s i t e - s p e c i f i c  and o f  a r e g i o n a l  
c h a r a c t e r .  Three  c h a r a c t e r i s t i c  s i t u a t i o n s  arise i n  t h e  e v o l v -  
i n g  r e l a t i o n s h i p s  between w a t e r  demand and  s u p p l y  ( F i g u r e  4 ) .  
A t  o n e  e x t r e m e  are t h e  areas w i t h  a l a r g e  n a t u r a l  s u p p l y  and  a 
r e l a t i v e l y  low l e v e l  o f  demand t h a t  c a n  b e  s a t i s f i e d  w i t h o u t  
major  human i n t e r f e r e n c e  i n  t h e  h y d r o l o g i c a l  regime ( l e v e l  A) .  
I n  t h e  second  c a s e ,  demands c a n  b e  s a t i s f i e d  o n l y  t h r o u g h  com- 
p l e t e  r e g u l a t i o n  o f  w a t e r  r e s o u r c e s  a n d  t h e  r a t i o n a l i z a t i o n  o f  
demands (].eve1 B) . T h i r d l y ,  i n  some c a s e s ,  n o n - c o n v e n t i o n a l  
s o u r c e s  of  w a t e r  s u p p l y ,  e . g . ,  d e s a l i n a t i o n ,  a r e  needed t o  s o l v e  
w a t e r  s u p p l y  problems ( l e v e l  C ) .  The means f o r  managing w a t e r  
a r e  f l e x i b l e ,  i n c l u d i n g  d i v e r s e  s o c i a l  methods f o r  managing 
w a t e r  demand and t h e  improved l o c a t i o n  o f  w a t e r  u s e r s ,  w i t h  t h e  
c o n t i n u i n g  g rowth  o f  p o p u l a t i o n  and t e c h n o l o g y ,  t h e  c o m p l e x i t y  o f  



water  management a l s o  grows. Communities t h a t  w e r e  accustomed 
t o  r e l a t i v e l y  s imple methods of withdrawing water  and d i spos ing  
of  was te  w i l l ,  i n  t h e  f u t u r e ,  be  faced  wi th  many more i n t r i c a t e  
problems induced by t h e  inc reased  and d i v e r s i f i e d  demand f o r  
water .  

A - Flood protection, quality control 

B - Storage, local transfers, optimal management, 
flood protection, quality control 

C - External supply + B 

- known demand - - - forecasted demand 

Figure 4. Water resources situation. 

Although water  problems occur  i n  d i f f e r e n t  mixes throughout  
t h e  world,  t hey  a r e ,  i n  most c a s e s ,  of a  r e g i o n a l  c h a r a c t e r .  
Thus t h e  t ime i s  r i p e  t o  mobi l ize  t h e  expe r i ence  and human s k i l l s  
needed f o r  so lv ing  g l o b a l  water  problems. The fo l lowing a r e  ex- 
amples of a c t i o n s  needed: 

- A c o n c r e t e  program f o r  reducing  t h e  h e a l t h  hazards  i n  
d r i n k i n g  water  ; 

- A system f o r  g l o b a l  moni tor ing  of  water  q u a l i t y ;  

- A p r o g r a m f o r  improving water  manaaement g l o b a l l y  wi th  
t h e  view t o  meeting world food needs;  

- Mechanisms f o r  a n t i c i p a t i n g  and reducing  i n t e r n a t i o n a l  
c o n f l i c t s  over  water  r e sources .  



The forthcoming United Nations World Water Conference, to 
be held in Argentina in 1977, will undoubtedly discuss these 
important problems. IIASA should continue to contribute toward 
the advancement of methods and techniques for their solution. 
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H. Mottek 

However useful the distinction between global and universal 
problems underlying the structure of this Conference may be, it 
is difficult to apply it consistently, at least as formulated in 
IIASA documents such as the Conference invitation extended by 
IIASA. This becomes obvious with problems of natural resources 
and the environment. That is because the resources themselves-- 
the soil, the useful plants and animals, the minerals, the lakes 
and most water systems--usually lie in territories of sovereign 
States with their own economic policy, laws, and jurisdiction. 

If we stress not only the global aspects where they are ob- 
vious, as with oceans and the atmosphere, there are three rea- 
sons for this: 

1. The role played by certain resources in world trade; 

2. The export and import of detrimental matter through 
the media of water and air; 

3. The implications of insufficient resources; critical 
situations or even disasters resulting, for example, 
from food shortages and environmental pollution are 
not confined to a single country. 

In the scientific treatment of many resource and environ- 
mental problems, global effects help us to deal successfully 
with the interdependence of natural resources, the environment, 



and the economy on a regional basis. The fact that such prob- 
lems can be treated within the framework of IIASA was demon- 
strated by the Conference on the Brastsk-Ilimsk project* (USSR), 
which produced stimulating suggestions for treating global prob- 
lems. It is also shown by the successful approach to other top- 
ics, called "universal" in the language of IIASA. 

By generalizing experiences of this type within IIASA1s 
framework, we promote the expansion of a resource that is vital 
to the improvement, and even to the maintenance, of living con- 
ditions in all nations, of all mankind. This resource is not 
reduced through use, but rather is sustained and multiplied: 
the human resource of knowledge, especially scientific knowledge. 
When the founders of IIASA defined the acquisition of knowledge, 
and its application to the solution of urgent problems of man- 
kind, as the substance of a common task of different States with 
different social systems, they imparted to the Institute's re- 
search a global character that serves for the enhancement of 
that global resource, and the cause of peace connected with such 
cooperation. 

The fact that, for the sake or this expansion, great efforts 
are required in dealing with the critical problems of mankind, 
which necessitate the interaction and cooperation of different 
States appears to be trivial to scientists. But outside scien- 
tific circles, many believe that in the protection of the natural 
environment, the main task is to utilize available knowledge 
rather than gain new knowledge. However--and this should again 
and again be made clear to the public--experience in the prac- 
tical solution of environmental problems has proved quite the 
opposite to the widely held view. One is confronted with the 
following questions: 

1. To what extent will human activities--especially 
economic--influence the environment as a whole, and 
its various subsystems; what changes have been pro- 
voked, and to what extent are these reversible? 

2. To what extent do temporary, long-term, or permanent 
changes have an impact on society, and especially on 
the economy? 

With these questions we are formulating the age-old question of 
man addressed to science: the question of the possible effects 
of his present and future actions, and as a logical consequence, 
of how to improve his actions and his decisions. But when we 
ask this question in relation to the natural environment, we meet 
an obstacle. Not only is there a lack of factual knowledge, but 
even theoretical knowledge is inadequate for providing answers. 
Our insights have not kept pace with the so-called direct effects 

* 
For details see H. Knop, this volume. 



on man and the environment (type 1 knowledge), whose impact has 
increased super-exponentially, or with the side effects and late- 
time effects (type 2 knowledge). Let us take as an example the 
relationship of man to climate, or the implications of pollution 
for human health. We are hampered by the lack of facts when con- 
sidering natural resources as elements of the natural environment 
with a view to protecting them from excessive exploitation and 
thus from diminishing them unnecessarily. For the development 
of natural resources that we regard as "usable by society", 
sufficient knowledge, especially of type 1, assumes decisive 
relevance. 

If, for instance, we consider mineral resources, mere geo- 
logical knowledge on deposits is not sufficient; we must also 
know the technologies of mining, processing, and further utili- 
zation. It is through such knowledge thatcomponents of the 
Earth's crust become resources in the economic sense. Thus the 
size of mineral resources and of natural resources as a whole 
is dependent on knowledge, especially type 1 knowledge. There- 
fore, it is remarkable that a model built at IIASA is based at 
the same time on our at present still limited knowledge and on 
unlimited potential resources. It is lack of knowledge on natural 
resources, the natural environment, the possibilities of utiliza- 
tion, and the prerequisites of cons~rvation that   re vents our 
eliminating the danger of local, regional, or even global catas- 
trophes. It may even force us to exaggerated measures for their 
prevention. 

On the other hand, the size of the impending danger and of 
possible detrimental effects determines the criteria for esti- 
mating the urgency of global problems. The endeavors of the 
international scientific community should be directed to these 
fields, where the costs of ignorance are very high. The systems 
approach, systems theory, and systems analysis are suitable means 
for precise determination of these costs, especially in relation 
to natural resources and the environment. The methods of risk 
evaluation and decision theory under conditions of limited cer- 
tainty, or even uncertainty, should be applied in order to dimin- 
ish uncertainty where the danger potential costs are greatest. 
Let me therefore, repeat the proposal I put forward at a IIASA 
Conference in September 1973. 

On the basis of a well-founded program listing urgent 
research projects, IIASA should present an appropriate proposal 
to the public. The preconditions for such a program should be 
the development of an adequate methodology, and meetings of 
experts held in order to analyze the state of knowledge required 
for solution of such global problems. The platform could be 
provided by IIASA projects already in progress, where implemen- 
tation may reveal such dangerous areas of ignorance. Drawing 
up such a program, or certain sub-programs, would ensure for 
IIASA activities and methodology a broad effect, and would pro- 
mote the solution of global problems to which IIASA has been 
asked to contribute by its founders. 



Discussion (E .F. Wood, ~apporteur) 

One discussion participant focused on five issues: 1) a 
long-range view of energy demand, which would require the inclu- 
sion of technological change, market movement, etc., as part of 
the analysis; 2) incorporation of forecasts of technology and 
technological development in analysis; the example given was that 
of the Green Revolution, which is not really a technological 
breakthrough but is consistent with past trends in technology; 3) 
the importance of policy to the development of technology; 4) 
capital shortage as a significant constraint in resource develop- 
ment (though one can replace capital by knowledge, especially 
in developing countries where capital must be held to a minimum 
and local resources become important); and 5) IIASA's role in 
stimulating work in systems analysis concerned with policy in 
order to expand knowledge and technological development. 

Other discussants tended to explore those issues. On the 
topic of incorporating technological change, it was pointed out 
that a number of energy models include this aspect by predicting 
availability of the technology (example: solar power), often 
with probabilities of that availability through special constraints 
on capital expansion. 

Also, in analyzing the phasing of technologies, it was felt 
important to consider the interaction of the various local re- 
sources (for example, labor, capital, industry). We can, and do, 
phase technology differently in different regions. 

It was pointed out that through a specific policy, a govern- 
ment can accelerate research and increase the probability of 
technological changes. Unfortunately it is hard to estimate 
what the impact of a policy will be, since you cannot extrapolate 
past trends. Furthermore, there is a significant time constraint 
in developing and implementing technological changes; thus, in 
the short run there is virtually no technological change. In the 
area of food resources there are fears that the rate of techno- 
logical development cannot keep up with the rate of population 
increase. 

On the topic of technological change, one discussant saw 
a fundamental problem in developing countries in that the transi- 
tion from a rural economy to an industrial economy cannot be made 
smoothly, partly because we do not know the appropriate tech- 
nology for this. A nomadic society has population densities of 

2 about . 1  person/km ; a farming society, 10 people/km2; and an - 
industrial society, 300 people/kmL. The industrial countries took 
centuries to make this transition while today developing countries 
must do it in decades. Thus the economies and the societies are 
out of step. 

A number of panel members expressed in different ways their 
view that we really do not know the proper technology for helping 



the developing countries to deal with this problem. The balance 
between technology, capital, and development in the developed 
world may not be appropriate for the developing countries. One 
must consider the technological level in these countries before 
proposing new technology--especially technology developed for 
highly capital-intensive, non-labor-intensive societies. 

GLOBAL DEVELOPMENT 

G. Bruckmann 

Let me make a few remarks to lay a base for discussion of 
IIASA's role in global modeling. 

A few weeks ago, after the first day of the Club of Rome 
meeting in Philadelphia, there was a headline in the New York 
Times that read, "Club of Rome Against Curbing Growth". Of 
course, the news was wrong. What should be interesting for us 
is the question why it was wrong. It seems to me that it was 
wrong essentially because of a lack of understanding of the 
short but exciting history of what has become known as the 
global modeling movement. 

Let us have a brief look at this development. There are 
decisive differences between Limits to Growth and Mankind at 
The Turning Point, or more precisely, between "World Three" on 
the one hand and the Pestel-Mesarovic model* on the other; but 
these first two major global modeling efforts have some common 
features. They have taught the world scientific community a 
number of things: 

- The impact of the interdependence of economical, social, 
ecological and technological problems, 

- The impact of the time variable upon these problems, 

- The finiteness of global aspects; not so much the abso- 
lute finiteness of any particular resource, but that of 
the availability of certain resources or solutions with- 
in a given space of time, 

- The fact that global developments are the result of 
national policies in a distinctly sectoral approach. 

As all of you are aware, the two books have given rise to 
numerous publications and to a number of other modeling efforts. 
Instead of simply listing these chronologically, let me profit 
from the fact that a retrospective summarizing view allows a 

* 
This model is described in Nultilcvel Computer Model of 

World Development System, M. Mesarovic and E. Pestel, eds., 
CP-74-1/6, IIASA. 



certain classification. As a criterion, I will use what I con- 
sider the major message we might have learned from the first 
five years of the global modeling movement. This is that glo- 
bal developments cannot be understood unless one gets down to 
the level of national policies, and unless sectoral developments 
are studied more carefully in their interdependencies--that is, 
studied in what Dr. Levien has called a comprehensive way. At 
first glance, this seems to be asking too much; but let us have 
a look at the extent to which global modeling has hitherto been 
able to live up to this goal. 

Maybe this is the right moment to say a word about the role 
IIASA has had in this context. From its earliest days, there 
was earnest debate about the degree to which IIASA itself should 
indulge in a major global modeling effort. It was decided to 
proceed in two stages. First IIASA would simply assume a mon- 
itoring role, and conduct a series of conferences in this field, 
with a double purpose: to permit a direct exchange of knowledge 
and views among the major modeling groups, and to gain sufficient 
experience and an overview of the field so as to be able to de- 
cide upon the kind and extent of any global modeling work IIASA 
might take up. In this first stage we had three conferences, 
each focusing on a major model but also devoting time to presen- 
tations of the state of development of other models. The first 
conference, held in the spring of 1974, concentrated on the 
Pestel-Mesarovic model; the second, in October 1974, on the 
model developed by the Fundaci6n Bariloche, and the third, in 
September 1975, on MOIRA, the model developed by a Dutch team 
headed by Hans Linnemann. 

Let me try to evaluate these major models from the point of 
view of the criterion I mentioned earlier. In a sense, the model 
developed by Pestel and Mesarovic can be considered the most ad- 
vanced, inasmuch as it consists of a combination of sectoral ap- 
proaches and is being explicitly applied on a national level. 
We are fortunate to have Professor Pestel here to tell us more 
about it. 

If I were to classify the model by the Fundaci6n Bariloche, 
I should say that it is certainly more crude in its sectoral sub- 
models, and includes national policies only indirectly. Its 
great merit, however, lies elsewhere; as you know, it is the 
first major model of explicitly normative kind. 

MOIRA concentrates very strongly on national policies, and 
limits itself, however deliberately, to one major sector, namely 
food and agriculture, treating all other sectors as exogenous 
variables. Its main advantages are twofold. First, by limiting 
itself to just one major sector it can treat that sector in a 
much more refined way; and second (a result that may not have 
been anticipated), after discussing this most advanced model in 
the food and agricultural field for a whole week, the conference 
participants were frightened to realize how little we know about 
the interrelations and how much work there is left to be done. 



I should also mention here the Japanese model developed by 
Kaya and his associates: a more restricted model, which, how- 
ever, also aims at depicting the effect of national policies 
upon sectoral development. 

It may be said that this first IIASA Conference marks the 
transition from stage one to stage two of IIASA's involvement in 
global modeling. In deciding on its own activities in this area, 
IIASA has been able to draw upon a great deal of accumulated 
experience, both from the models presented at our conferences 
and from the extensive Energy program*--a model that may be 
considered a prototype of a sectoral analysis, seen in a com- 
prehensive holistic context. On the basis of this experience, 
it seemed feasible not to build up an entire global model, but 
rather to extend the sectoral studies in the energy field to a 
second major area, food and agriculture.** We hope that in this 
work we will be able to go one step further toward the goal I 
tried to sketch. 

As a side activity, IIASA will continue its conference ser- 
ies, not only to keep up to date ourselves, but also because-- 
and I say this with pride--these conferences have gained a place 
in the history of global modeling. 

Let me add just a few words on what I should like to call 
the limits to global modeling. After all that has been said in 
these last years about modeling from a systems or a philosophi- 
cal point of view, one very crude formula remains: there can 
never be a model that fully maps reality. Models must always 
fall short of depicting certain important aspects of reality. 
But models are the only way we can deal with reality. Every 
decision in our everyday lives is based on models we have of 
reality, so essentially there is nothing wrong in trying to mo- 
del even global developments. As long as we remain aware of 
its intrinsic limitations, global modeling will at least help 
us to study the structure of reality. 

There is another aspect that should not frighten us. It 
has been claimed, and rightly so, that there is no such thing 
as a value-free model; but I think this is an asset rather than 
a liability, and in thinking so, I am in good company. Pestel 
and Mesarovic explicitly recognize, in their norm-formulation 
stratum, a value-cultural zone. Linnemann stated that the very 
point of departure of their model was a value decision, namely, 
resentment of any kind of triage among nations: nations that 
need no help, those that eventually will be able to help them- 
selves, and those that one will simply have to allow to go to 
pieces. 

* 
See W. Hafele, this volume. 

* * 
See F. Rabar, this volume. 



When it comes to IIASA's role in global modeling, I think 
we should just as freely admit that we have similar values, 
maybe unspoken, that guide our work: the firm conviction that 
scientific cooperation among nations can prove to be of benefit 
not only to the participants, but to this fragile globe as a 
whole. 

When Mesarovic and I decided five years ago to work in this 
area, we did not regard it as an academic venture. Our intention 
was not just to enrich science; we had the final goal of in- 
fluencing governments--not so much with the results as with the 
procedures which we were going to develop. It was clear that in 
the first attempt all we could do was to develop a sort of proto- 
type, to explore the feasibility of what we had set out to do. 
Thus the model and the results that were the basis for our book 
Mankind a t  t h e  T u r n i n g  P o i n t  provide only broad conceptual guide- 
lines for decision makers in policy and economic matters, and 
this from a long-range point of view offering little help in 
their day-to-day political business. 

I would like to make one other point. People often confuse 
the results we presented with the instrument used to produce 
them. I think there should be a clear distinction. We tried 
to develop a model of the world, regionalized and in a hierarchi- 
cal fashion: a neutral, objective model as free from ideology 
as possible. Now when you use this model you use it by way of the 
scenario technique. And here I disagree somewhat with Bruckmann: 
the scenario technique is essentially a normative approach. When 
I write a scenario I have certain goals, and in order to reach 
these I define a number of input qualities in their time develop- 
ment. The model then tells you what can and cannot be done, and 
what finally comes out in view of all the constraints embodied 
in the model. Of course you can also use the model the other 
way around: you could write a normative scenario and then find 
out what resources--material and human--are necessary to reach 
this if everything develops according to plan. But we thought 
this approach would not be as fruitful as trying to develop 
visions of future development and test these against the "reality" 
as embodied in the model, to the best of our ability. 

Now for the past two years we have worked at an increased 
pace. And since we were not engaged in an academic venture, we 
tried to get funding from governments. Before that, we had re- 
ceived generous support from the Volkswagen Foundation, but at 
this stage we had to involve the governments--which means that 
they pay the bill. And we were successful in that: the Ministry 
for Research and Technology of the Federal Republic of Germany 
established a discussion circle--what we first called a "tobacco 
college" in which we did some brainstorming. This circle sup- 
ported our ideas and then influenced the government to give us a 
very well-endowed short-term assignment. 



Our first aim was to make what we did more accessible to 
national policy makers. That forced us to go from the global to 
the national level. Now you cannot build for the national policy 
maker a model having only the detail of a regional model. The 
smaller the area and the time horizon in which he wants to act, 
the more detail is required. Our model still took a long-ranqe 
view--up to the year 2000 and beyond--and begins to be meaningful 
say five years from now, avoiding the short-term fluctuations one 
cannot capture with this type of model. But much more detail was 
provided. For example, the German economy is depicted in 19 sec- 
tors, and--more important--is described not only in monetary terms 
for each sector but also by technological quantities. These quan- 
tities are, first, the different types of primary and secondary 
energy used--oil, coal of different qualitites, gas, hydro, nu- 
clear, and even wood--and then the man-hours of unskilled workers, 
skilled workers, and so forth, up to academics. Other quantities 
are those of basic materials; here we are just beginning, with 
steel, lead, and aluminum. We describe the flow of these tech- 
nological quantities through the economy, from input to final 
demand--split up in private consumption, government consumption, 
exports, investments, and imports--and the capital stock develop- 
ment. We succeeded in modeling the historical part from 1950 in 
such a way that we have splendid agreement, reflecting real fluc- 
tuation in sectors not much involved in final demand but necessary 
for the flow into other sectors. This gives us a chance to inves- 
tigate a number of topics that are otherwise very hard to tackle. 
For example, you may decide to change the structure of industry 
by slowing down or even diminishing the heavy industries, pro- 
ducing only very high-quality steel, and importing half-finlshed 
products from the developing countries so as to gain trade part- 
ners; the model then permits you to examine 'the consequences to 
the labor market, the energy inputs, pollution and so on. 

We had to disaggregate the model, which had 10 regions. We 
now have a data base storing the available data for each nation 
which of course differ widely. With our model-building equipment 
we can aggregate them and can call them as we want to, and there- 
by gain much greater flexibility. We have also disaggregated 
vertically in order to take various aspects into account. We 
are aiming at a general-purpose model that can be used to answer 
any specific question by assembling those parts of the model that 
are of importance for answering that question. As for our co- 
operation with IIASA, we are most fortunate that Hafele is part 
of the discussion circle of the FRG Ministry for Research and 
Technology, and has been made our supervisor. We have learned 
a lot from him, and I think our input to IIASA can be also quite 
useful. Our programs are at the disposition of those teams that 
can use them; this is quite important because you will recognize 
that the eggshells of some of the IIASA projects are still pres- 
ent. When IIASA started, there were a number of projects. These 
have now been joined in a matrix, and inputs that start from a 
different philosophy can be useful. 



GENERAL DISCUSSION 

(K. Parikh and W. Sassin, ~apporteurs) 

The discussion ranged over the history, purpose, adequacy, 
usefulness, and dangers of global modeling. 

After giving a brief history of global modeling, Bruckmann 
had concluded that efforts so far have emphasized the interdepen- 
dence of economic, social, ecological, and technological problems 
and the limitations of certain resources and solutions within a 
given time span. He had stressed that global developments can be 
understood only in the context of national policies and sectoral 
developments. Pestel had described how the procedures of the 
Pestel-Mesarovic model were used to develop a national policy 
model for the FRG, which requires far more detail than regional 
and global models. 

It was generally accepted that the purpose of global model- 
ing is a cognitive one, namely to gain an understanding of the 
nature of the interdependence of systems, of nations, and of 
peoples, and that such an understanding is desirable. It was 
argued, however, that physical and social systems are too complex 
to be fully modeled and that models can give only partial under- 
standing. 

Further discussion questioned applied systems analysis, at 
least with respect to global systems, and tried to clarify its 
possibilities and limitations. To start with the limitations, 
any global system description must be incomplete. This is more 
a problem as we observe a rapidly growing interdependence of 
"global subsystemst1. To reduce the unseizable complexity a sim- 
plifying structuring must precede model-building--and here inevi- 
tably value judgments enter. It is this point, more than the 
limited capacity of IIASA, that led to the repeated recommendation 
for close cooperation with outside institutions and decision 
makers to ensure proper guidance and critique. 

The parallel interaction of energy and food production with 
the climate was of primary concern. Meteorology cannot fully 
explain the phenomenon "climate" and predict the consequences of 
large amounts of waste-heat releases. Other factors beyond the 
scope of traditional meteorology--e.g., C02 releases, dust, and 

chemical pollutants originating from agricultural activities--are 
even more important: they interfere with large natural energy 
flow mechanisms or disturb highly sensitive equilibria, e.g., the 
ozone layer of the stratosphere. Applied systems analysls will 
not answer, but will formulate more precisely, meteorological 
and climatological questions important for deploying energy strat- 
egies or agricultural development programs. Moreover, systems 
analysts may be able to contribute to the development of method- 
ology for calculating global circulation. Even with inadequate 
methods, by pushing the methods to their limits useful results 
may be obtained. 



Thus all one can safely conclude from global circulation 
studies--for example of effects of point sources of heat, or of 
the C02 problem--is that these questions need to be studied. 

Despite this uncertainty, however, the need for climatological 
predictions to evaluate the shadow prices of different strate-, 
gies (for energy, food, development) in terms of climatological 
quality was emphasized. It was argued that even a partial under- 
standing of our interaction with the world and the Universe 
would be worth the effort. 

It was further argued that applied systems analysis is in a 
position to trace the influence of possible climatological risks 
on pending technological decisions--a prominent example being 
the development of alternative primary energy sources. The fact 
that, owing to insufficient knowledge of the effects of atmo- 
spheric pollutants on the climate, possible consequences of a 
decision in the energy sector cannot be excluded is attribut- 
able to the lack of knowledge at a given point in time. Clima- 
tological studies can be evaluated and priorities established 
in this light. 

An important point of the discussion was the statement that 
in a quite subtle way, values are introduced into our models. 
The values implicit in defining the boundary of the problem to 
be studied may not be obvious. By not elaborating on that point, 
one may create an impression of the inevitability of certain assump- 
tions. Concern was expressed about the assumption, in both the 
Energy and the Food and Agriculture models, of 12 billion people. 
The resources required to meet, e.g., the energy needs of such a 
large population could be devoted to other areas, and possibly to 
stabilizing the population at a lower figure. When brilliant 
technical systems analysis show that it is possible to meet the 
energy needs of 12 billion people, those less brilliant might con- 
clude that a population of 12 billion is inevitable. The question 
was asked whether a world with so many people can live stably, or 
whether we would all be psychological wrecks. 

In response to that statement, it was pointed out that 12 
billion people are by no means considered as a target; but it is 
uncertain whether the figure, projected by the UN Population 
Conference in 1974, can be avoided. Several panel members agreed 
that if such a menacing development is to be limited, one has to 
argue the other way round: we must not rely on the impossibility 
of exploiting global resources such as to feed and supply the basic 
energy needs of 12 billion or even more people. It is by demon- 
strating the actual possibilities that the basis for a rational 
policy including a population policy is provided. Applied systems 
analysis, and especially IIASA, should be as clear as it can be 
in working out the real constraints and the consequences of the 
foreseeable alternatives for global development. 





Invited Comment 

P. Handler 

It is a little distressing to recognize that you've come to 
the time of life when you're used for ceremonial purposes--as 
I suspect is the case, for I certainly cannot pose as an expert 
on applied systems analysis or on any of the problems IIASA is 
dealing with. But it was an invaluable experience to partici- 
pate in IIASA1s creation. I thoroughly enjoyed the amicable, 
straightforward tenor of the meetings with Gvishiani that were 
required to negotiate what evolved into IIASA. Vienna turned 
out to be the logical place for the Institute, and I am happy 
this came about. 

We are pleased that the number of National Member Organi- 
zations that adhere to IIASA has expanded and probably will con- 
tinue to do so. My own reasons for believing in this project 
were initially political: it seemed a remarkable opportunity to 
have people from East and West work cheek by jowl. It was this 
more than anything else that provided the drive behind IIASA. 

What sort of work did we think IIASA would do? I was some- 
what fuzzy, but it seemed to me imperative that IIASA deal not 
only with methodology but with real problems in a real world; 
otherwise it was sure to founder. I am delighted that both 
these aspects appear to be flourishing. 

When we started all this, it was before the rise in oil 
prices and the oil embargo, before the acute internqtional aware- 
ness of energy problems, before the crop failures of 1972. There 
was no sense at that time of an impending food crisis anywhere in 
the world. What have come to be two central themes of IIASA were 
not at that time thought of as topics of urgency for the world. 
We did know that IIASA must deal with problems of significance 
to all nations, I have listened to what has been said in this 
hall in the last few days, and it is clear that there are -people 
working at Schloss Laxenburg with determination and clarity and 
insight. 

Your courage in addressing these immense problems is extraor- 
dinary. What troubles me a little bit is that the systems you 
deal with, the mechanisms of thought in an analytical approach, 
are fraught with error, and that the hazards of making a blunder 
are tremendous. But if you have the courage and the intellectual 
honesty to be sure you know what you have said and done and what 
its limitations are, then the work can be rational and useful. 



Most of my life I have believed that informed intervention 
can improve the lot of mankind; that if you knew enough, you 
could find the critical element of a large system and improve 
the circumstances of human beings. When I had just entered 
science, the disease pellagra had been the leading cause of 
death in the southeastern United States for 30 years. My first 
independent research was on the nature of that disease--how it 
developed as a consequence of a niacin deficiency in diet. And 
at that time I listened to endless conversations about what it 
would take to change the social structure of the American South, 
to improve its economy so that people would stop eating the 
traditional diet that caused pellagra. One day it occurred to me 
that if one made it mandatory to put nicotinic acid into corn- 
meal, then you could wager anything you pleased that we would 
stop the disease. And so my first political effort was to sell 
this notion to the legislatures of eight southeastern States; 
and after one year, all eight had ruled that cornmeal sold on the 
open market must be fortified with nicotinic acid. The follow- 
ing spring, when pellagra should have appeared again, the inci- 
dence rate was down to 10 percent of the preceding year; and 
two years later, the last case of pellagra was seen in the 
American South. And that is what I mean about informed inter- 
vention in a complex system: had we been waiting for the cul- 
tural upheaval that was required, we probably- would still be 
waiting. I believe in informed intervention when one knows how 
to do it; but clearly the systems you are dealing with are of 
such character, and so large, that you must be very sure of your 
ground before you are willing to intervene at all. 

I listened with particular attention to the description of 
the food program.* It was stated that this is not a local but 
an international problem. My view is rather the opposite, I 
confess. Historically, national barriers have by and large been 
impervious to the passage of food; each nation has fed itself. 
The amount of food going across national frontiers has been very 
very small. The idea of a major fraction of the world's food 
moving across national boundaries is relatively new. And the 
food sold by the countries that have it is often sold to countries 
that aren't hungry but just have money and want to eat better. 
So for the benefit of the Food study group, here are some of 
Handler's laws about food, invented while I listened. First, it 
is a truism that world food production far exceeds the amount 
necessary to feed the world population; the problem is how to 
get it from where it is to where it is needed. Second, to the 
best of my knowledge there are no hungry people in the world who 
have money. Third, nowhere in the world are farmers happy about 
growing more food than their families can eat, unless somebody 
gives them something they want for the extra food they produce. 

These rules guide the behavior of the agricultural economy 
today as they have in the past. The problem of starving nations 

* 
See F. Rabar. this volume. 



can be s t a t e d  i n  any u n i t  you p l ease :  energy ,  p e r  c a p i t a  income, 
water  r e s o u r c e s ,  food--i t  i s  t h e  same problem. I cannot  imagine 
t h a t  ove r  t ime,  t h e  r e s t  of t h e  world i s  going t o  grow enough 
food t o  s o l v e  t h e  problem of t h e  poorer  n a t i o n s ;  we must a s s i s t  
t h e m  t o  grow more food.  

So I am a l i t t l e  worr ied  about  t h e  s t r u c t u r e  o f  t h e  food 
model and i t s  assumptions. Food is  t h e  most burning problem on 
t h e  p l a n e t ,  and it w i l l  g e t  worse u n l e s s  t h e  a f f l u e n t  n a t i o n s  
f i n d  some way t o  h e l p  t h o s e  n a t i o n s  who need it; bu t  merely t o  
g i v e  food t o  t h e  poor c o u n t r i e s  cannot  b e  a permanent s o l u t i o n .  





UNIVERSAL PERSPECTIVES 





I n t r o d u c t i o n  

H .  R a i f f a  

Roger Levien has  desc r ibed  IIASAts approach t o  u n i v e r s a l  
problems i n  some d e t a i l .  A s  you w i l l  r e c a l l ,  w e  have c l a s s i f i e d  
a s  u n i v e r s a l  t h o s e  i s s u e s  t h a t  c o n f r o n t  many n a t i o n s  w i t h i n  t h e i r  
own bo rde r s .  The management of an  urban complex is a good 
example of a  u n i v e r s a l  i s s u e .  I t  does  n o t  r e q u i r e  i n t e r n a t i o n a l  
a c t i o n ;  and t h e  e x t e r n a l i t i e s  r e s u l t i n g  from p o l i c y  a r e  f e l t  
mainly w i t h i n  one n a t i o n ,  and t o  a  much l e s s e r  e x t e n t  by neigh-  
bo r ing  n a t i o n s .  Each u n i v e r s a l  problem i s  bounded geograph ica l ly  
b u t  r e p l i c a t e d  u n i v e r s a l l y .  

Many of IIASA's e a r l y  a c t i v i t i e s  d e a l t  w i t h  u n i v e r s a l  
i s s u e s .  T h i s  was t r u e  i n  o u r  Ecology, I n t e g r a t e d  I n d u s t r i a l ,  
Biomedical ,  Urban, Water, and Large Organ iza t ions  p r o j e c t s .  
Today, we w i l l  f ocus  on t h r e e  examples of t h a t  work: examples 
t h a t  h i g h l i g h t  IIASA's r o l e  and approach t o  i s s u e s  of u n i v e r s a l  
importance.  

These t h r e e  examples a r e :  f o r e s t / p e s t  management, energy/  
environment sys tems,  and l a r g e - s c a l e  p lanning  p r o j e c t s .  I would 
l i k e  t o  s a y  a  few words about  why each was chosen f o r  IIASA, 
about  i t s  unique c h a r a c t e r i s t i c s ,  and about  t h e  common concep- 
t u a l  b a s i s  t h a t  t ies  t h e  t h r e e  s t u d i e s  t o g e t h e r .  

The p e s t  management c a s e  s tudy  was chosen e a r l y  i n  IIASAts 
h i s t o r y .  I t  was a  c o n c r e t e  problem t h a t  a  young a p p l i e d  i n s t i -  
t u t e  needed t o  f a c e .  The s tudy  was h i g h l y  a n a l y t i c a l ,  and i t s  
o b j e c t i v e  was t o  develop  d e s c r i p t i v e  mathematical  models t h a t  
can  be  used t o  t e s t  a l t e r n a t i v e  p o l i c i e s  f o r  e c o l o g i c a l  manage- 
ment. A s  a  r e s u l t ,  it had i n  its e a r l y  s t a g e s  a  r e l a t i v e l y  narrow 
r e g i o n a l  focus-- the f o r e s t s  of New Brunswick, Canada. But be- 
cause  of  i t s  geograph ica l  bounds, t h e  p e s t  management s tudy  has  
enabled  us  t o  experiment  w i t h  methodological  t e chn iques  t h a t  we 
can  g e n e r a l i z e  n o t  on ly  t o  o t h e r  q u e s t i o n s  of  f o r e s t  o r  p e s t  
management, b u t  t o  o t h e r  q u e s t i o n s  of e c o l o g i c a l  management a s  
w e l l .  

The energy/environment s tudy  was begun i n  e a r l y  1 9 7 5  and 
draws s t r o n g l y  on IIASA's i n t e r n a t i o n a l ,  i n t e r d i s c i p l i n a r y  n a t u r e .  
I n  t h i s  s t u d y ,  we c o n c e n t r a t e  on t h r e e  r eg ions :  t h e  mane-Alpes 
Region i n  France ,  t h e  German Democratic Republic ,  and t h e  S t a t e  
of Wisconsin i n  t h e  United S t a t e s .  Our o b j e c t i v e  has  been t o  
develop ,  w i th  a n a l y s t s  and p o l i c y  makers i n  each r e g i o n ,  meth- 
o d o l o g i e s  and approaches f o r  i n t e g r a t e d  p lanning  of  energy  and 
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PREFACE 

The IIASA Conference '76 was the first General Conference of the 
International Institute for Applied Systems Analysis. It provided a major 
fomm for review of the creation. development, research, and future 
role of IIASA. Thus, these proceedings provide a comprehensive report 
on the first three years of the Institute. 

The proceedings appear in two volumes. Volume 1 contains pre- 
sentations, comments, and discussions on the concept of IIASA, its 
creation and research strategy, its studies of global issues (including 
energy, food, and global development), its work on regional issues, the 
relationship between analysis and policy-making. and the role of policy 
analysis in an international setting. The invited comments of the 
National Member Organizations on the development of the lnstitutc 
and o n  the Conference also appear in Volume 1. A list of partici- 
pants and the table of contents for Volume 2 are appended. 

Volume 2 contains presentations, comments, and discussions of 
the research areas: Resources and Environment. Human Settlements 
and Services, Management and Technology, and System and Decision 
Sciences. The table of contents of Volume 1 is appended. 

Each volume contains brief biographies of the authors of presen- 
tations in that volume. 

Recognition is due t o  the Council of the Institute and thr Austrian 
Government for their significant contribution t o  the development of thc 
Institute; to the participants of the Conference for their support and 
guidance; and to the IIASA staff for the spirit and effort devoted to the 
Conference and the preparation of the proceedings. 
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Tisza and Vistula River Basins: 

Case Studies 

Z. Kaczmarek 

The IIASA Water Resources group concentrates on methodolog- 
ical and applied problems of optimal water resources management. 
Although each of the activities undertaken for the development 
and optimal operation of water resources must be tailored to the 
social, economic and physical conditions in a given area, there 
are universal, generally applicable techniques that are of inter- 
est to the group. The optimal use of water resources is a task 
that in recent decades has often taken the form of integrated 
river basin development. This is essential because of the com- 
plexity of the present social and economic patterns of water de- 
mand, and the usually severe disparities between water resources 
as provided by nature, and the time and place of man's need for 
water supply. 

The current emphasis of systems analysis is on describing 
physical, social and economic systems by means of mathematical 
models. The first step (Figure 1) in any systems analysis study 
is realistically formulating the problem; the next step involves 
constructing the models; and the last step could be described 
as linking different models in one complex water resources system 

Figure 1. Systems analyeim in water resources. 
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Figure 2 presents an example of a typical scheme, often used 
for the optimal planning and operation of water resources systems. 
In most cases, the following types of models must be included in 
such a scheme: hydrologic models, hydrodynamic models, models of 
transportation, dispersion, and self-purification of wastes, and 
models of water demands. In addition, different optimization 
techniques are used for both the planning and day-to-day manage- 
ment of water resources systems. 

Hydrological Data 
Water Demands 
Economic Factors 

Constraints --, etc. 
A 

Finding Optimal 
Operation Policy I l l  

Operation t 

Alternatives of 
Design Data 

t 
Finding Optimal Policy 
For Each Alternative 

Design 7 
Figure 2. General scheme of river basin management (RBM). 

Let me now turn to the question of how to relate the con- 
cepts of systems analysis to the problems of regional water re- 
sources management. TWO major areas of application are the opti- 
mal planning and operation of water resources systems. Planning 
for the integrated development of a river basin or an economic 
region consists in collecting a hydrologic, technical, social 
and economic data base, followed by analyzing the investment 
alternatives and nonstructural measures needed to meet a certain 
set of water management objectives. The techniques of systems 
analysis are employed here for selecting from all possible alter- 
natives that particular set of activities which will best accom- 
plish the water management objectives as well as the overall 
objectives of the decision makers. Operation of a water resources 
system, on the other hand, is concerned with the decisions needed 
to best accomplish the objectives of an existing system. 



During the past two years, IIASA collaborated with planners 
from Hungary, Poland and Bulgaria, working on long-term water 
resources development plans in the Tisza, Vistula and Iskar River 
basins, respectively. In this presentation I will concentrate 
on the case studies of the Tisza and Vistula River basins. Com- 
pared with basins in many other European regions, these two 
basins are characterized by limited water resources and great 
variability in their occurrence. Major water uses in the Tisza 
and Vistula River basins are for domestic and municipal supply, 
industry, and irrigated agriculture. Other beneficial uses of 
water include hydroelectric power generation, navigation, and 
recreation. It was imperative to consider in these plans also 
flood control, drainage, and water quality management as well 
as many intangible values derived from the preservation of the 
natural environment. Such a situation calls for a comprehensive 
analysis, and evidently optimal solutions can be found only if 
each of the sites and facilities is developed on a multi-purpose 
basis. 

Let me relate briefly an experience gained in Poland with 
respect to water resources planning. The first draft of the 
national plan for water resources development for 1955-1975 was 
prepared over the period 1953-1956 by the Polish Academy of 
Sciences. Since then, universities and scientific research orga- 
nizations have conducted research intended to provide a more 
accurate assessment of the water resources of the country and 
the water needs of individual groups of consumers. At the same 
time, special attention has been paid to developing techniques 
for the optimal design and operation of the water resources sys- 
tem. The second version of the water resources development 
program, for 1960-1985, was prepared in the 1960s at the Water 
Management Research Institute in Warsaw. Finally, with the 
assistance of the United Nations Development Programme, a project 
for the comprehensive development of water resources in the 
Vistula River basin was prepared over the period 1969-1971. 
Operation of the Vistula River system over the years 1985-2000 
has beeen simulated by the mathematical modeling technique. A 
similar project is now being prepared for the Odra River basin. 
From the scientific point of view, one main purpose of the above- 
mentioned activities was to develop a mathematical model of the 
water resources system, allowing for the optimization of the 
investment program and the analysis of the system's operation. 
The main objectives of water resources management in the Vistula 
River basin are: reliable municipal water supply, industrial 
water supply, flood protection, and improvement of water quality. 
To meet these objectives several investment variants were ana- 
lyzed, using mathematical models and optimization techniques. 

The assumptions on which the model of the Vistula River sys- 
tem is based are outlined below. 

Assuming that there can be several possible variants of a 
specified system of storage resources and facilities for the 
long-distance transfer of water, investigations were made of a 
number of variants of the water resources system. It was also 



assumed that for a given variant the project parameters, e.g., 
capacities of the reservoirs, were known. Optimization of the 
investment program was taken to mean the choice of the best vari- 
ant, effected on the basis of economic criteria. 

In view of its size and complexity, the system was broken 
down into subsystems each encompassing areas of less than 
50,OOQ km2. Each subsystem was analyzed and optimized separately, 
with due account taken of their mutual interaction, particularly 
the influence of the upper subsystem on the lower subsystem from 
the point of view of hydrological conditions. 

The water demands of all users in the years 1985 and 2000 
were determined by the relevant research and design organizations 
on the basis of appropriate future analyses. Except for agri- 
culture, the stochastic variability of water demands was not 
investigated. 

The main model included the tasks related to water supply 
for the population, industry and agriculture, and also made pro- 
vision for the maintenance of certain minimum flow rates that 
are indispensable for diluting wastes and meeting various local 
needs. The investment variants chosen on the basis of the main 
model were then analyzed from the point of view of additional 
tasks, e.g., flood protection. 

In view of the stochastic variability of water resources, 
the computations were repeated several times, using hydrological 
data recorded for the period 1951-1965. Stochastic dynamic pro- 
gramming was also used to analyze the operation of individual 
water reservoirs. 

The purpose of optimization carried out for each of the 
investment variants was to minimize water shortages. The com- 
parison of the individual variants was based on their costs and 
operational effects. 

A Comprehensive Program of Water Resources Management for 
Poland was prepared on the basis of these analyses. It envisages 
a substantial development of water engineering projects. The 
total usable capacity of storage reservoirs, apart from those of 
purely local significance, will increase over the next 27 years 
by 2.5 to 3.5 lo9 m3. This means that almost all potential 
reservoir sites will have been developed by the year 2000. The 
significant growth of the reservoir capacity will considerably 
reduce the volume of floods, and will increase the water resources 
available during deficit periods. Projects that enable water to 
be transferred between particular regions of the country will be 
especially important in the water resources system of Poland. 
First and foremost among these will be the Central Canal serving 
to recirculate the Vistula River flow as well as canals and pipe- 
lines supplying industrial agglomerations with water from mountain 
streams. 



Some methodological problems of the optimal development of 
the Tisza River basin will be discussed by Eric Wood and by 
Laszlo ~6vid elsewhere in this volume. The main objectives in 
this case are water supply for agriculture, flood protection, 
municipal water supply, and water quality protection. Wood's 
presentation will also cover the application of multiattribute 
utility theory for choosing the best design solutions. 

The most significant conclusion of the Vistula and Tisza 
River basin projects is that the techniques developed and tested 
within the framework of these projects proved to be feasible and 
technologically workable. The attempt to incorporate in the plan- 
ning process a specific computational capability to screen, simu- 
late and optimize alternative water resources development programs 
has demonstrated the merits of the systems approach. This approach 
should be viewed not merely as a technique or a group of techni- 
niques such as mathematical programming, optimization, and proba- 
bility theory. Rather, it should be thought of as a broad plan- 
ning strategy that involves the use of various mathematical tech- 
niques for solving highly complex problems of water management. 
It is a framework of thought designed to help decision makers 
choose a desirable course of action. Although the plans I am 
referring to have been developed primarily by the national teams, 
they have often been discussed with members of the Water Resources 
group, who have contributed to their development. Clearly, many 
elements of the planning strategy and the tools that may be used 
effectively for the regional management of water resources are 
subject to continuing development. 





Applying Multiattribute Utility Theory to 

Evaluation of Tisza River Basin Development Plans 

INTRODUCTION 

Planning for water resources development is a complicated 
public investment problem. Components contributing to this com- 
plexity include multiple conflicting objectives involving eco- 
nomic, environmental, social, and technical considerations; 
difficult-to-quantify consequences that are crucial in selecting 
an alternative; and uncertainties about the overall impact of a 
particular alternative. 

Taking these considerations into account, the IIASA Water 
Resources group, in conjunction with the Methodology group, 
initiated a cooperative study with the Hungarian National Water 
Authority. The purpose of the study was two-fold: to investigate 
the usefulness of multiattribute utility theory for evaluating 
alternative water resources development plans; and to illustrate 
the technique for planners and decision makers who influence deci- 
sions concerning long-range water resources planning. The Tisza 
River basin, with five alternative development plans studied 
earlier [ I ] ,  was used for the case-study application. The present 
report highlights the IIASA-Hungarian study; a more detailed 
report can be found in [2]. The work was not undertaken to in- 
fluence any decision directly; the analysis was too rough for that 

MULTIOBJECTIVE WATER RESOURCES PLANNING 

While procedures for project evaluation have been formulated 
[31, the applications of multiobjective water resources planning 
have been limited. Most applications have focused upon formulat- 
ing the problem as a linear programming, vector optimization 
problem. The multiple objectives are often represented as a 
weighted linear function [4,5,6], or by a constraint formula- 
tion [7 ,81.  

Structuring the decision problem as a mathematical optimi- 
zation problem can lead to a number of difficulties. One such 
difficulty is that the optimization model may focus upon an 
objective that has little impact on the final decision problem. 
This often happens when the objective has a small range over 
the alternatives, even though the objective per se is important. 
For example, cost may be an extremely important objective, but 
if the costs for alternative systems were all within one percent 



of each other, then other objectives would have more influence 
on the decision. 

This and other related problems provide the motivation to 
consider applying multiattribute utility theory, even though 
we recognize that this technique has its own set of difficulties. 

Multiattribute utility theory tends to focus much effort 
upon the objective function of the decision problem, which can 
then be used to assist in building models (either optimization 
or simulation models) that can best address the issues. 

The procedure consists of three steps: 

- Assessing a multiattribute utility function over the 
attributes that describe the planning goals; 

- Evaluating the attribute levels for each of the planning 
alternatives; 

- Calculating the utility values for each alternative, 
resulting in a cardinal evaluation of the alternatives. 

Case Study: Problem Description 

Figure 1 presents a map of the Hungarian part of the Tisza 
River basin. In all, the basin is shared by five countries and 
has an area of 130,000 km2. 

CSEREHAT 

t Z E M P L ~ N I - H E G Y S ~ G  

PLAIN 

SZEG 
f'-.. 

._ ..*' 

R O M A N I A  

GYULA 

1 OOkm - 
SCALE 

Figure 1. Schematic map of the existing water resources system 
of the Tisza River basin. 



The main demand for water in the Tisza River basin is due 
to agricultural and industrial uses. The water has been supplied 
to these activities by a gradually growing water resources system 
on which development started in the middle of the nineteenth 
century. In recent years the increased use of water has led to 
a deterioration of water quality. Further development of the 
water supply, especially its reliability, is important for planned 
regional development. 

There are five district planning alternatives, one of which 
could be chosen for development over the next 55 years. These 
systdms are: 

System I. Danube and Tisza Rivers inter-basin transfer using 
a multi-purpose canal-reservoir system via a gravity canal 
in the flatland area, and a pumped canai reservoir system in 
the Borzsony-~serhst Mountains. 

System 11. Pumped reservoir system in the northeastern part 
of the region, to be developed in the hilly region of the 
s6toros and Bukk Mountains. 

System 111. Flatland reservoir system, composed of reservoirs 
of two to four meters deep, to be developed in the flatland 
area of the basin. 

System IV. Mountain reservoir system in the upper Tisza River 
basin, which involves building reservoirs in this part of 
the basin (located outside Hungary) . 
System V. Groundwater storage system, to be developed in the 
eastern part of the basin as part of a conjunctive surface 
groundwater system utilizing the Tisza River water for both 
water supply and groundwater recharge. 

Planning Objectives 

The basic aim of these systems is to develop the natural 
supply of water resources by comprehensive runoff regulation, in- 
cluding quantity and quality regulation over space and time, while 
simultaneously trying to fulfill other objectives that reflect 
economic, environmental, and social aims. Thus, the following 
planning goals were established: water demand, flood protection, 
drainage and used water disposal, utilization of resources, en- 
vironmental impact, and flexibility. The last goal implies that 
the proposed system should be sufficiently flexible to meet a 
broad spectrum of future requirements, most of which cannot be 
foreseen at the present time. 

ASSESSING THE UTILITY FUNCTION 

In this study, we used the assessment of L. Ddvid of the 
Hungarian National Water Authority. The assessment process con- 
sisted of four separate steps: familiarization with utility theory, 



i n v e s t i g a t i o n  o t  t h e  q u a l i t a t i v e  p r e f e r e n c e  s t r u c t u r e ,  a s s e s s -  
ment o f  t h e  component u t i l i t y  f u n c t i o n ,  and a s s e s s n e n t  o f  t h e  
s c a l i n g  f a c t o r s .  Throughout t h e  a s s e s smen t  p r o c e s s ,  t h e r e  were 
s e v e r a l  c o n s i s t e n c y  checks .  Now t h a t  w e  have a  p r e l i m i n a r y  
u t i l i t y  f u n c t i o n  t o  work w i t h ,  more c o n s i s t e n c y  checks  and ad- 
j u s tmen t s  c an  and shou ld  be  conduc ted .  

S t e p  1 :  F a m i l i a r i z a t i o n  w i t h  U t i l i t y  Theory 

The f i r s t  p a r t  o f  a  u t i l i t y  a s s e s smen t  i n v o l v e s  d i s c u s s i n g  
t h e  c o n c e p t s  o f  t h e  approach  w i t h i n  t h e  c o n t e x t  o f  t h e  problem 
b e i n g  add re s sed .  For  t h i s  problem, t h e  manner i n  which u t i l i t y  
t h e o r y  c o n s i d e r s  u n c e r t a i n t i e s ,  m u l t i p l e  o b j e c t i v e s ,  and sub- 
j e c t i v e  f a c t o r s  was cons ide r ed .  

The o t h e r  impor t an t  a s p e c t  o f  t h e  i n i t i a l  examina t ion  i s  t o  
s t r u c t u r e  t h e  problem. A s  a  r e s u l t ,  we o b t a i n e d  a  set o f  a t t r i -  
b u t e s  and t h e i r  r anges  t o  be  used i n  e v a l u a t i n g  a l t e r n a t i v e s .  The 
a t t r i b u t e s  s e r v e  t o  i n d i c a t e  t h e  d e g r e e  t o  which t h e  o b j e c t i v e s  
a r e  m e t .  A summary o f  t h e s e  a t t r i b u t e s ,  l a b e l l e d  X I ,  ..., X I * ,  i s  
g iven  i n  Tab l e  1 .  

Table 1. At t r i bu t e s  f o r  t he  Tisza River problem. 

A t t r i bu t e  Measure 
Range 

Worst Best 

9 
X E Tota l  c o s t s  (20 f t  = US$1) 10 f t / y e a r  
1 

110 80 

X2 P robab i l i t y  of 
water shortage 

percent  

X3 E Water q u a l i t y  sub j ec t i ve  0 100 

- energy produced 
X4 - Energy (re-use f a c t o r )  a = 

energy used 
0 

X5 5 Recreation sub j ec t i ve  0 100 

X6 5 Flood pro tec t ion  recurrence i n t e r v a l  40 500 

X7 E Land 8, f o r e s t  use 1000 ha 100 50 

X8 E Soc i a l  impact sub jec t ive  0 100 

xg 5 Environment subjec t ive  0 100 

X Z I n t e rna t i ona l  cooperation subjec t ive  
10 0 100 

Xll - Development 
p o s s i b i l i t i e s  

sub j ec t i ve  

X12 E F l e x i b i l i t y  subjec t ive  0 100 



Step 2: investigation of the Qualitative Preference Structure 

Before one assesses a utility function, it is important to 
determine the qualitative structure that indicates functional 
forms appropriate for quantifying the actual function. To do 
this, one attempts to verify various preference and utility- 
independence assumptions. As it turned out, it seemed appro- 
priate to assume the conditions necessary for the multiplicative 
utility function. Complete details of the verification procedure 
used are explained in a different context in [ 91 .  

The analysis showed that a multiplicative form of the multi- 
attribute utility function was the appropriate form; that is, a 
utility function in the form 

where u is scaled 0 to 1, the component utility functions 
u.,i = 1, ..., 12, are scaled 0 to 1, the scaling constants 

k.,i = 1, ..., 12, are positive and less than 1, and k 1s a con- 
stant calculated from the ki. 

Step Functions 

The assessment of the component utility functions is de- 
scribed in [21; these functions are presented in Figure 2. 



Figure 2. Component utility functions (cont'd.). 



Step 4: Assessment of the Scaling Factors 

The first step in assessing the ki is to order their mag- 
- 

nitude. To do this, we set all 12 attributes given in Table 1 
at their worst levels, and asked, "if only one could be raised 
to its best level, which one would be preferred"? The response 
was attribute X2. This implied that k2 must be the largest of 

the ki. Had there been indifference between moving either Xi or 

X. to its best level, then ki would equal k After several 
I I . 

adjustments, this resulted in the order 

After relative scaling factors had been established among 
the ki, their numerical values were calculated along with k. The 

results are: 

and 

The component utility functions in Figure 2 plus equations 
(3) and (4) specify the preliminary utility function represented 
by the multiplicative form (1). 

EVALUATING ATTRIBUTE LEVELS FOR EACH ALTERNATIVE 

The attribute levels, or the degree to which a particular 
alternative fulfills a planning objective, are usually determined 
by detailed hydrologic and economic analysis, often with the aid 
of models. In this study, we utilize the results of Dsvid and 
Duckstein [l] who earlier had studied these five alternatives. 
The attribute levels are given in Table 2. 



Table 2. A t t r i b u t e  l e v e l s  f o r  a l t e r n a t i v e  systems. 

Objec t ive  Measure 
A l t e r n a t i v e  System 

I I1 I11 IV v 

1. T o t a l  c o s t  
(20 f t  * US$1) 

9 
10 f t / y e a r  99.6 85.7 101.1 95.1 101.8 

2. P r o b a b i l i t y  o f  percen t  4  19  5 0 5 0 5 0 
water  shor tage  

3. Water q u a l i t y  s u b j e c t i v e  80 60  20 80 40 

4. Energy (re-use energy prod. 0.7 0.5 0.01 0 .1  0.01 
f a c t o r )  energy used 

5. Recreat ion s u b j e c t i v e  80 60 40 20 2 0  

6. Flood p r o t e c t i o n  recurrence 100 200 67 200 50  
i n t e r v a l  

7. Land & f o r e s t  
use 

8. S o c i a l  impact s u b j e c t i v e  80 80 60  40 40 

9. Environment s u b j e c t i v e  80 60 2 0 60  40 

10. ~ n t e r n a t i o n a l  s u b j e c t i v e  80 60 40 20 40 
cooperat ion 

11. Development 
p o s s i b i l i t i e s  

s u b j e c t i v e  

12. F l e x i b i l i t y  sub jec t ive  80 80 20 40 2 0  

CALCULATING THE UTILITY FUNCTION 

Table 3 gives the utility values for each of the five alter- 
native systems. Since higher utilities are desired, these pre- 
liminary results imply that system I is somewhat better than 
system 11, which is considerably better than system IV, which in 
turn is better than system V; system I11 is the least desirable. 
To help interpret how much better system I is than system 11, we 
increased the cost of system I in Table 2, holding all other 
factors fixed, until the utility equaled the current utility 0.821 

9 of system 11. This occurred at x, = 104.2 10 forint per year, 

so that system I is essentially better than system 11 by 4.6 . 10 9 
forint per year. Similarly, system I1 is better than system IV 



9 by at least 24.3 10 forint per year because even if the cost 
9 of system I1 increases to 110 10 forint per year, the utility 

of system I1 is greater than the current utility of 0.648 of 
system IV. Since systems I11 and V are even less desirable, it 
appears that subject to the data of Table 2 and the utility 
function being used, systems I and I1 are the only real con- 
tenders. 

Table  3. U t i l i t y  va lue  for a l t e r n a t i v e  sy s t ems .  

System U t i l i t y  Value 

CONCLUSIONS AND RECOMMENDATIONS 

This study was a first cut at solving a problem of water 
resources planning using multiattribute utility theory. A planning 
problem in the Tisza River basin of Hungary was used to illus- 
trate the usefulness of the technique. A utility function over 
12 objectives was assessed, and preliminary results indicate that 
building inter-basin water transfers from the Danube River or from 
small reservoirs in the northeast part of the basin is to be pre- 
ferred to developing three other planning alternatives. 

One purpose of the work was to appraise the reasonableness 
of the approach. The assessed utility function should be inter- 
preted as a preliminary one. Nevertheless, it does indicate the 
feasibility of making such assessments to water resources planners 
The brief analysis was included to fulfill a second purpose: to 
illustrate the use of a multiattribute utility evaluation model. 
It was not done to suggest alternatives that should be chosen. For 
the latter purpose, a more sophisticated and careful analysis 
would be needed. It is of primary importance to such an effort 
that one extend this work in the following ways: 

- Improved articulation of the system objectives and better 
attributes for these objectives; 

- Formal inclusion of uncertainty; 



- A more thorough assessment of the utility function over 
the revised set of attributes; 

- Expansion into a dynamic decision problem. 
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Appl ica t ion  of On-Line P r e d i c t i o n  

Techniques t o  Forecas t ing  Short-Term 

Agr icu l tu ra l  Water Demand 

A s  Kaczmarek a l r eady  mentioned, one of t h e  urgent  problems 
i n  t h e  Tisza  River bas in  i s  t h e  short- term c o n t r o l  of t h e  b a s i n ' s  
i r r i g a t i o n  systems. The middle Tisza  v a l l e y  i r r i g a t i o n  system - 
covers  an a r e a  of approximately 3,000 km" on t h e  e a s t  s i d e  of 
t h e  Tisza  River,  hence t h e  r e l a t e d  c o n t r o l  problems a r e  of g r e a t  
economic s i g n i f i c a n c e .  The f i r s t  s t e p  toward e s t a b l i s h i n g  a 
dynamic on- l ine  c o n t r o l  system is  t o  f ind  a rea l - t ime predic-  
t i o n  a lgor i thm f o r  f o r e c a s t i n g  t h e  i r r i g a t i o n  demand. Most 
e x i s t i n g  demand-forecasting procedures use  curve f i t t i n g  o r  ex- 
t r a p o l a t i o n  techniques  i n  conjunct ion  wi th  s t a t i c  r eg ress ion  
models involving t h e  appropr ia t e  v a r i a b l e s  [ I ] .  C lea r ly ,  f o r  
dynamic c o n t r o l  w e  would need a dynamic f o r e c a s t i n g  model t h a t  
t a k e s  i n t o  account t h e  random e f f e c t s  r e l a t e d  t o  demand. 

This  paper d i s c u s s e s  a proposed d i s c r e t e ,  dynamic r e c u r s i v e  
p r e d i c t i o n  a lgor i thm t h a t  i s  based on t h e  s t a t e  space descr ip-  
t i o n  of t h e  processes  involved. The a lgor i thm can r e a d i l y  be 
embedded i n  an on-l ine c o n t r o l  scheme. Obviously, t o  implement 
a c o n t r o l  scheme, one needs a c e n t r a l i z e d  computer wi th  compre- 
hensive access  t o  t h e  system f o r  d a t a  c o l l e c t i o n  and c o n t r o l .  

The d a i l y  demand f o r  i r r i g a t i o n  water depends on many fac-  
t o r s ,  such a s  s o i l  moisture con ten t ,  p r e c i p i t a t i o n ,  temperature,  
humidity, wind v e l o c i t y ,  cloud cover,  and wastage i n  t h e  network. 
It i s  t h e r e f o r e  reasonable t o  assume t h a t  t h e  d a i l y  demand, a t  
a c e r t a i n  p o i n t  i n  t h e  system, i s  a random v a r i a b l e .  Moreover, 
t h e  i r r i g a t i o n  season (which corresponds t o  t h e  growing season) 
can be d iv ided i n t o  t h r e e  d i s t i n c t  per iods :  p r e - i r r i g a t i o n ,  
a c t u a l  i r r i g a t i o n ,  and p o s t - i r r i g a t i o n  (Figure  1 ) .  The demand 
i n  each of t h e  i r r i g a t i o n  per iods  can be descr ibed by t h e  simple 
model 

where D ( t )  is a pe r iod ic  component due t o  t h e  pe r iod ic  ( d a i l y ,  
P 

weekly) ope ra t ion  schedule of t h e  i r r i g a t i o n  p l a n t ,  and D r ( t )  

i s  a random r e s i d u a l  component r ep resen t ing  short- term f luc tua -  
t i o n s  i n  demand due t o  changes i n  t h e  weather p a t t e r n s .  A s  
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Figure 1. Daily water consumption time series, 
middle Tisza valley irrigation system. 

demonstrated i n  [ 2 ] ,  t h e  demand i n  each of t h e  i r r i g a t i o n  p e r i o d s  
is a  normally d i s t r i b u t e d  random v a r i a b l e  (F igu re  2 ) .  

DISTRIBUTION FUNCTIONS 
( TISZALOK - 196 8 I 

Figure 2. Probability distribution functions for 
different irrigation periods. 

Source: [2] 



The periodic component of equation (1) can be represented 
by a harmonic series model 

N 
D (t) = a. + (ai cos i coot + bi sin mot) , (2) 
P i= 1 

where the fundamental frequency, w equals 2n/TI N is the number 
0 ' 

of significant harmonics, and the parameters ai and bi are the 
- - 

Fourier coefficients identified from past consumption data. 
Defining the vectors 

T B (t) = [l,sin wot ,..., sin Nw t,cos w t ,..., cos Nwot1 , 
P 0 0 

the periodic component becomes 

For the residual component, the following stochastic differ- 
ence equation model is proposed: 

This is a type of auto-regressive moving-average (ARMA) represen- 
tation of the residual process, where the model order (n,m,pl as 
well as the parameters (@,$ ,8)  must be identified using past con- 
sumption data. (For technical details see [31.) In equation (4) 
u(-) is the deviation in the soil moisture content from the nomi- 
nal value desirable for the plants and, in fact, represents the 
explicit control of the forecasting scheme. On the other hand, 
the last term in equation (4) represents the implicit control due 
to precipitation, temperature deviation and so on; w(.) represents 
a white Gaussian noise (WGN) sequence with the usual properties. 
(Though w(.) is a WGN process, the last term of equation (4) is a 
moving average, hence the residual model considers the correlation 
in the implicit control.) By applying the standard canonical 
transformation for the residual model (4), one obtains a state 
space formulation as follows: 



where the state vector xr(t) represents the deviation between 

the residual values and the explicit control, and the matrices 
Or, Yr and Or contain the parameters. (For details, see [ 4 ]  . ) 

Since there are uncertainties associated with determining 
the parameters of the periodic component, we specify a random 
walk model for the harmonic coefficient in equation ( 3 ) .  That 
is, 

Ap(t+l) = A (t) + 6 (t) , P 

where c(t) is a WGN process with given statistics (or rather, sta- 
tistics should be adaptively updated during the estimation proce- 

T 
dure) . By defining an augmented state vector x(t) = [A (t) ixr (t) 1 , 

P 
we have a unified state model 

that includes both the periodic and residual components. The 
matrices $ , Y ,  and 8 are readily obtained from those of equation 
(5) by considering the simple transformation of state augmenta- 
tion. In fact, using the terms of estimation theory equation 
(7a) can be considered a state equation, while equation (7b) is 
a measurement equation. 

The problem of recursive demand prediction is formulated as 
follows: given measurements D~ = {D~: ~=O,1,2, ..., tl on the past 
consumption up to time t, find an unbiased minimum variance esti- 

mate D(t+vIt) of the demand v>o steps ahead, subject to the system 

dynamicsC. It is obvious from equation (7b) that where there is 
A 

an unbiased minimum variance estimate x(t+vlt) on the states, the 
v-steps-ahead optimal demand prediction is 



Actually, we do have an estimate 

on the states that is given by the recursive Kalman filter algo- 
rithms [5]. At the same time we also have confidence limits 
around the predicted demand values. 

Summing up, let us mention some of the merits of this short- 
term demand prediction scheme. Due to the state space formulation 
of the process, it is easy to handle from a mathematical point 
of view. The inherent random nature of short-term demand is con- 
sidered. Moreover, because of the recursiveness, the scheme is 
easy to implement even for small process computers. It is easily 
adapted to suit the changing environment, and the algorithms might 
be embedded without any change in the optimal control scheme for 
the irrigation system. 

Additional problems exist that are worthwhile discussing as, 
for example, aggregating short-term strategies into long-term ones 
(i.e., forecasting/control versus projection/planning), and prob- 
lems of short-term versus long-term reliability in water demand 
prediction. 

References 

[I] Gearing, H.W.G., Forecasting Demand, Statistician, 20, 
3 (1970) , 23-28. 

[2] Dgvid, L., A. ~drasz, and M. Kropf, Investigation on the 
Water Demand Distribution Concerning the Irrigation 
Systems in the Tisza Valley, in Inventory Control 
and Water Storage, A. Prekopa, ed., North-Holland, 
Amsterdam-London, 1971. 

131 Eykhoff, P., System Identification, Wiley, London, 1974. 

[4] Lee, R.C.K., Optimal Estimation, Identification, and Control, 
The MIT Press, Cambridge, Mass., 1970. 

[5] Meditch, J.S., Stochastic Optimal Linear Estimation and 
Control, McGraw-Hill, New York, 1969. 





Development of the Tisza River Basin 

The purpose of the Tisza River basin development is the 
optimal use of natural water resources, taking into account the 
constraints of socio-economic growth. The man-made development 
process of the basin must therefore consider social, economic, 
technical, environmental and natural elements, and should be a 
planned, interdisciplinary and controlled process based on sys- 
tems analysis. 

The development process of river basins can be divided 
into three stages: n a t u r a l ,  d e v e l o p i n g ,  and d e v e l o p e d  (see 
Figure 1 ) .  In t h e  n a t u r a l  s t a g e ,  there is no significant human 
interference in the water management activities of the river 
basin--the water resources practically conform with natural 
conditions. Water projects in this stage are generally simple, 
with one purpose, one objective, and insignificant capacities. 

-.  NATURAL I DEVELOPING STAGE I DEVELOPED STAGE 
STAGE 

7lME 
YEARS 

Figure 1.  Main activities of river basin development. 



In t h e  d e v e l o p i n g  s t a g e ,  deliberate human interference is 
of a local and regional character, and ultimately becomes 
basin wide. At this stage, the natural runoff system is 
gradually changing, thereby becoming more regulated. Multi- 
purpose, multi-objective integrated water resources systems 
are constructed with increasingly significant capacities. The 
storage space and the role of water transfer increase. 

In t h e  d e v e l o p e d  s t a g e ,  the river basin is completely 
regulated and redistribution of regulated water resources among 
the users is continuously undertaken. Further development of 
the basin is based on water demand control and large interbasin 
transf ers. 

The objectives, the means, and the activities for the 
development of a river basin in each of the stages will differ 
depending on local, sub-basin, regional, national and inter- 
national interests in socio-economic growth. The development 
of the Tisza River basin also has to be done on the basis of 
these three stages. 

The Hungarian part of the Tisza River basin is flat, with 
about 30 percent of the basin's total catchment area (157,000 km 1; 
the other countries sharing the basin and their portion of the 
area are: the USSR with 8 percent, Czechoslovakia with 10 per- 
cent, Romania with 46 percent, and Yugoslavia with 6 percent. 
The potential water resources of the basin (the average runoff 
over several years) is 25 km3/year at the southern border of 
Hungary. To completely regulate this volume of water over 
several years, a storage capacity of 75 km3 is needed. 

Development of the Tisza River basin began in the middle of 
the nineteenth century; after 150 years of Turkish occupation 
and the subsequent struggles for independence, Hungary gained 
sufficient economic strength to undertake this ambitious venture. 
In its n a t u r a l  s t a g e ,  the basin area was a vast marshland, much 
of which was covered permanently by water or inundated annually 
(Figure 2). Over the last 140 years, the development of the basin 
made the area accessible to cultivation and human settlements, 
thereby creating opportunities for flourishing economic activi- 
ties. 

The development of the basin began with the control of 
floods a ~ d  the regulation of the River. This was followed by 
the provision of drainage from the basin to the stagnant surface 
waters accumulating in the plains. These efforts laid the 
foundations for agricultural and industrial development, and 
for the increase in the population density (Figure 3). 

In the twentieth century, the major objective has been to 
develop the basin-wide runoff regulation and to regulate the 
use of water, primarily in agriculture. Attention is increasingly 
being devoted to the development of industrial and domestic 
water supply systems, to navigation and to recreational activity. 



Figurc: 2. llydrographir situation in the Tisza Rivc:r basir~ 
bc3forc. rivc~r basin 11c.vvlopmc:nt. 



Figure 3.  Development of water management characteristics 
in the Hungarian part of the Tisza River basin. 

Because o f  t h e  i n c r e a s e d  u s e  o f  w a t e r  r e s o u r c e s ,  t h e  q u a l i t y  o f  
w a t e r  h a s  d e t e r i o r a t e d ,  and a t t e n t i o n  is now focused  o n  p o l l u t i o n  
c o n t r o l .  I n  r e c e n t  y e a r s  t h e r e  have  been r e g u l a t i o n s  w i t h  
r e s p e c t  t o  t h e  q u a n t i t y ,  q u a l i t y  and e n e r g y - r e l a t e d  a s p e c t s  o f  
w a t e r  r e s o u r c e s  t o  i n c r e a s e  t h e  u s a b l e  w a t e r  r e s o u r c e s .  A t  
p r e s e n t ,  t h e  b a s i n  i s  i n  t h e  d e v e l o p i n g  s t a g e .  About 1 5  t o  20 
p e r c e n t  o f  t h e  planned r e g u l a t i o n  h a s  been a c h i e v e d .  The e x i s t -  
i n g  w a t e r  r e s o u r c e s  sys tem shown i n  F i g u r e  4 h a s  a f l o o d  l e v e e  
sys tem ( 2 , 8 0 0  km), d r a i n a g e  and i r r i g a t i o n  c a n a l s  (2 ,600  km) 
t h a t  s e r v e  an  a g r i c u l t u r a l  a c t i v i t y  o f  3 .2  m i l l i o n  h e c t a r e s  o f  
l a n d ,  a number o f  r i v e r  b a r r a g e s  and s t o r a g e  r e s e r v o i r s ,  and  
w a t e r  supp ly  sys tems  f o r  hundreds of  s e t t l e m e n t s  and i n d u s t r i a l  
p l a n t s .  

The g o a l  o f  f u t u r e  a c t i v i t i e s  is  t o  r e a c h  t h e  d e v e l o p e d  
s t a g e  f o r  t h e  e n t i r e  b a s i n .  According t o  t h e  socio-economic 
p l a n s ,  r e a l i z a t i o n  o f  t h i s  s t a g e  i s  s c h e d u l e d  f o r  c o m p l e t i o n  
by t h e  p e r i o d  2030-2040. Thus t h e  d u r a t i o n  o f  t h e  p r e s e n t  
d e v e l o p i n g  s t a g e  i n  t h e  T i s z a  R i v e r  b a s i n  w i l l  b e  a b o u t  200 
y e a r s .  P r i o r i t i e s  may change w i t h  t h e  e v o l u t i o n  o f  t i m e .  

The main o b j e c t i v e s  and s t r a t e g i e s  f o r  t h e  f u r t h e r  deve lop-  
ment o f  t h e  T i s z a  R i v e r  b a s i n  a r e :  

- R e g u l a t i o n s  on  t h e  u s e  o f  t h e  b a s i n ' s  w a t e r  r e s o u r c e s - -  
q u a n t i t y ,  q u a l i t y  and e n e r g y - r e l a t e d  a s p e c t s - - i n c l u d i n g  
t h e  w a t e r  impor ted  f rom t h e  Danube R i v e r ;  



Figure 4. Water resources system of Tisza River basin. 1976. 



- Multi-purpose water supply for consumptive and non- 
consumptive users, and water demand control including the 
control of re-use and the techniques used; 

- Water damage prevention (flood control, drainage, waste 
water treatment and disposal), in conjunction with water 
resources regulations. Emphasis should be on waste 
water treatment and disposal; 

- Rational use of natural and socio-economic resources for 
development (water, land, capital, manpower, energy, 
etc.) ; 

- Development of international cooperation for water re- 
sources regulations among the five countries in the 
basin, on both bilateral and multilateral bases. A 
master plan for developing the water resources of the 
Tisza River basin has recently been prepared by these 
five countries, within the framework of the Council 
of Mutual Economic Assistance (CMEA); this plan could 
serve as the basis for developing such cooperation; 

- Environmental architecture by means of water resources 
development, to serve as a balance between the natural 
and socio-economic development of the basin; 

- Flexibility in the choice and application of methods 
for developing the basin, so as to avoid problems of 
uncertainties in natural conditions and in the tech- 
niques used as, for example, water demand forecasting. 

The application of proper methods and techniques is needed 
to achieve these objectives. In view of the complex problems 
involved, the need for rational alternatives, the increasing 
importance of operation due to the increased regulation of the 
basin, and the need for long-range planning of development 
strategies and their impacts, t h e r e  i s  a  growing need t o  a p p l y  
s y s t e m s  a n a l y s i s  and d e c i s i o n - m a k i n g  t e c h n i q u e s  i n  c o n t r o Z l i n g  
t h e  f u r t h e r  deve lopment  o f  t h e  T i s z a  R i v e r  b a s i n .  There are 
a number of requisites for the effective use of these techniques: 
a system for compiling data, in particular economic data; 
rational alternatives that include measurable and immeasurable 
factors; a decision-making process and the capability to adapt 
these new methods. 



Discussion 

(R. Dennis and I. Gouevsky, Rapporteurs) 

The foregoing presentations stimulated an interesting and 
fruitful discussion. 

The view was expressed that a systems analyst needs at 
least two kinds of models for decision-making: impact models 
and decision models. The main problem with a decision model is 
incorporating various objective and subjective goals. Should 
we continue to use the classical optimization approach? Is 
there any difference between multiattribute utility analysis 
and classical optimization? What are the advantages of the 
multiattribute utility function approach, and how can these be 
used in resource analysis? Does this approach give too much 
weight to subjective judgments? 

Many of the discussants were in favor of this approach. 
In their opinion, it differed from classical optimization in 
several ways. Unlike the latter, it allowed one to characterize 
the system, and is more closely related to the decision maker's 
judgments and values. Moreover, the multiattribute utility 
function can define global objectives that exist only in the 
mind of the decision maker, and so involves the system analyst 
in the decision-making process. The use of the multiattribute 
utility function thus makes it possible to include subjective 
views and wishes in the model, and is a vehicle not for pro- 
viding the decision maker with solutions but rather for getting 
him to decide on the basis of his own thinking. 

Another major problem with the decision model concerns 
selecting and specifying the objective function. If during 
implementation new objectives become important, how can we 
change our goals? How do we deal with the objectives and system 
parameters left out of the model, whether by choice or because 
they are unknown? Classical systems analysis, having mobilized 
what is known, can deal with what is left out. 

The economic, social and environmental consequences of the 
decisions made about water resource systems were the main topics 
discussed. In particular, attention focused on the impact of 
the international nature of rivers on decisions made in one of 
the countries sharing the river (multinational conflict resolu- 
tion); new technologies for water supply such as water transfer, 
desalination, and watershed management; tradeoffs between up- 
stream and downstream reservoir location and the impact of land 
use; the tremendous increase in recreational demands and facil- 
ities in flatlands (the use of pump-storage reservoirs was 



suggested as a possible compromise between land use and addition- 
al reservoirs); and the impact of water on soil. 

One discussant inquired about the impact of applied systems 
analysis of future water resources development. Have all past 
cases been fully investigated, and what lessons were learned? 

Two IIASA conferences--one on the Tennessee Valley Authority 
(TVA) in the USA, and the other on the Bratsk-Ilimsk Territorial 
Production Complex (BITPC) in the USSR--provided valuable infor- 
mation about the problems that can be encountered in large river 
basis, and also about possible future activities in water re- 
sources management. 

A general conclusion could be drawn from the discussion. 
Initially, pure engineering problems characterized man's activi- 
ties for developing water resource systems. Later, economic 
issues also became crucial. Today, as in other areas, the com- 
plexity of managing water resource systems requires an inter- 
disciplinary problem-solving approach. 

There is extensive literature on the theory and application 
of decision-making techniques. To avoid the type of problems 
mentioned above, it is essential that both the decision maker 
and the system analyst be involved in the application of the 
proposed models, and also understand the consequences of their 
application. 



HUMAN SETTLEMENTS AND SERVICES 





Introduction 

H. Swain 

The research area called Human Settlements and Services 
had its beginnings in two planning conferences in the summer 
of 1 9 7 3 ,  which led in turn to the establishment of two modest 
research projects at IIASA in 1 9 7 4 .  As time progressed the 
choices of research topics made in each group--away from purely 
medical topics and toward questions of the planning and manage- 
ment of health care systems in the old Biomedical group, and 
outwards from macro-level urbanization problems to encompass 
a variety of service management areas in the former Urban 
project--made it desirable to combine efforts. 

By way of introduction, the fundamental direction of the 
combined group is toward better tools for and understanding of 
managing social and economic development. Efforts have been 
concentrated at two crucial geographic scales, interregional 
and intra-urban, each corresponding to universal loci of 
decision-making authority, namely national and big-city 
governments. 

At the level of regional development and the interregqonal 
processes that generate it, you will hear Niles Hansen on devel- 
opment strategies and processes in urban-dominated settlement 
systems, and Andrei Rogers on one of the major problems in that 
realm, the study of the spatial aspects of population evolution. 
John Miron is working on models of the development of urban- 
oriented regions, using the language of optimization theory; 
and William Welsh, a visiting scholar at IIASA, is studying 
questions that will arise in later stages of Hansen's interna- 
tional collaborative study, namely, the spatial variation in 
the provision of public goods and services in a number of 
European countries. 

At the intra-urban scale, there are two more speakers: 
Edward Blum on the planning and management of urban emergency 
services, and Horst Strobe1 on transportation, automation, 
and urban development, an area where a workshop held in 
February, building on Strobel's work on automated traffic 
guidance, has opened some promising avenues for future work 
of broad interest across the Institute. Blum's work, insofar 
as it involves emergency medical services, provides a nice 
bridge to the presentation by Dmitrii Venedictov on the 
modeling of national health care systems. 



That, roughly, is the program. Its origins and early 
progress have been documented elsewhere,* and my colleagues 
will doubtless keep you spellbound with accounts of their 
recent accomplishments and visions of the near future. As 
an alumnus, I may perhaps be permitted the luxury of 
philosophizing a little about the place of this research 
area within the broad spectrum of IIASA concerns. 

I think our founders were right: this is the time for 
transnational and transcultural attempts to apply scientific 
methods to the problems that afflict mankind. I think 
further, given the immensity and diversity of those 
afflictions, that this young Institute supported by all 
its National Member Organizations has to take some difficult 
decisions about research priorities and the allocation of 
its slender resources. I think we have to filter the list 
of the most pressing and threatening of global problems 
through twin screens of political realism and scientific 
ripeness. The problems of choice for IIASA become acute 
as the participants wrestle with the understanding that all 
the interesting problems, all the ones that truly matter, 
are human ones, therefore value-laden, therefore likely to 
lead to various rumpled feathers. Here the canons of 
civility and scientific objectivity that have distinguished 
IIASA's first years will play the crucial role. 

Of those problems which are do-able at IIASA at all, few 
deal more directly with the values, preferences, aspirations, 
and quality of everyday life of individual human beings than 
the congeries of issues wrapped up in human settlements and 
services. The centrality of these issues, however, has only 
recently surfaced in the competition for a place in the 
scholarly sun. In June, Habitat, the first-ever United Nations 
Conference on Human Settlements, begins in Vancouver. It will 
have important consciousness-raising effects, but as with 
most one-shot efforts, its usefulness will be measured in 
the long term only by the redoubled dedication with which 
national and international communities treat the underlying 
issues. I am convinced that IIASA should play a unique and 
leading role in that follow-through, that it is a concern 
that permeates each of IIASA's research areas, and that the 
beginnings we report to yoo here constitute a hopeful start. 

* 
The I IASA P r o j e c t  on Urban and Reg iona l  S y s t e m s :  A  S t a t u s  

R e p o r t ,  SR-75-1, International Institute for Applied Systems 
Analysis, Laxenburg, Austria, 1975. 



Systems Approaches to Human Settlements 

N. Hansen 

In the past two decades governments increasingly have 
attempted to influence patterns of spatial resource allocation 
and population distrihution. These efforts usually have been 
prompted by two concerns. First, there is a widespread feeling 
in many countries that one or more of the largest cities are 
too big, in the sense that the social costs of further growth 
exceed the social benefits. It is also felt that assistance 
should be given to promote the growth of lagging regions. 
These regions are usually rural and tend to have a relatively 
high proportion of their employment in the primary sector, 
but in some instances they are old industrial areas that need 
modernization. Obviously the problems of big cities, lagging 
regions, and other parts of any given country are not independent 
of one another, because the various areas are linked by flows 
of goods and services, migration, information, etc. Regional 
and urban policies always have consequences for the whole of 
the national territory, whether or not they were intended to 
do so. Thus policy makers should have a reasonably good grasp 
of the structure of human settlement systems and of the nature 
of the processes that underlie evolving settlement patterns. 

Many traditional approaches to human settlements are being 
used despite their limitations. Examples include central place 
theory, export base theory, and input-output analysis. Despite 
elegant modifications that have been made to such schemes, 
their usefulness for human settlement policy is severely limited. 

Recent changes in human settlement patterns in a number 
of industrially advanced countries have represented dramatic 
shifts from past patterns. Cities have grown primarily because 
they have made it possible for interdependent specialists to 
interact frequently or intensively with one another. On the 
other hand, proximity also gives rise to pollution, congestion, 
and other undesirable external diseconomies that make cities 
unattractive. In addition, modern transportation and com- 
munication technologies have reduced the need for spatial con- 
centration of many kinds of economic activities and household 
amenities. 

The data in Table 1 show that, whereas in the United States 
in the 1960s the annual average growth rate in metropolitan 
areas led the corresponding nonmetropolitan rate by 1.6 percent 
to 0.4 percent, there was a reversal between 1970 and 1973 (0.9 
percent versus 1.3 percent, respectively). One in every three 
metropolitan residents now lives in a declining area. This 



Table 1. Populat ion change f o r  groups of met ropol i t an  and 
nonmetropolitan count ies ,  1960-1970 and 1970-1973. 

Prov is iona l  Annual Populat ion 
(1973) Growth Rate ( i n  %) 

Populat ion Category 
Populat ion 

(000 ' s )  1970-1973 1960-1970 

USA 209,851 1.0 1 .3  

I n s i d e  SMSAs* 
( ~ e t r o p o l i t a n )  

Outside SMSAs 
 o on metropolitan 

In  c o u n t i e s  from which: 

2 20% commute t o  SMSAs 4,099 1.9 1 .O 

10%-19% commute t o  SMSAs 9,683 1 .4  0.7 

< 10% commute t o  SMSAs 42,719 1.2 0.3 

E n t i r e l y  r u r a l  count ies  4,401 0.9 -0.4 
n o t  a d j a c e n t  t o  an SMSA** 

Source: [ l ]  , based on d a t a  given i n  [2,31. 

SMSAs def ined  a s  of December 31, 1974, except  i n  New England, where 
d e f i n i t i o n s  i n  terms of e n t i r e  count ies  have been s u b s t i t u t e d .  

** 
" E n t i r e l y  r u r a l "  means t h a t  t h e  count ies  con ta in  no town of 2,500 o r  

more i n h a b i t a n t s .  

unprecedented reversal is not simply the latest manifestation of 
urban sprawl around metropolitan areas. Referring to the data in 
Table 1 ,  a leading demographer points out that the most dramatic 
net migration changes have taken place "in those counties with 
the least commuting to metropolitan areas and in those classified 
rural nonadjacent; the more remote kinds of places--those that 
as a group used to be regarded as 'nowhere' have today become 
'somewhere' in the minds of many migrants". Regional employment- 
change data lend further support to this position. 

The nineteenth-century nodal city has given way, in varying 
degree, to the metropolitan area, the urban field, and the mega- 
region (see map for US example). Yet spatial-temporal develop- 
ment processes are still imperfectly understood. This in itself 
explains why, even though many countries feel a need for some 
form of human settlements policy, few are able to elucidate 
clearly what the problems really are. 

Any major effort to gain better understanding of spatial- 
temporal development processes should have at the outset a frame- 
work of functional economic areas. It should reflect the fact 
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that these processes are increasingly international in character. 
Also it should be sufficiently flexible to take into account dif- 
ferences in degree of development among national (and even sub- 
national) economies as well as differences in degree of national 
economic planning. 

Such a study is now being undertaken at IIASA, in 
collaboration with the University of Reading, England. The 
research, supported in part by a grant from the Ford Foundation, 
covers the USA, Canada, Japan, and most of Western and Eastern 
Europe, and involves the close collaboration of relevant 
institutions in each country. The basic units of analysis are 
urban regions, which essentially are functional labor-market 
areas corresponding to regionalizations already made in, for 
example, the USA, Sweden, and the FRG. 

The initial phase of this study is attempting to define 
the hinterlands of urban core areas and to delineate the bound- 
aries of functional urban areas. However, it may not be 
possible to make core-hinterland distinctions when dealing 
with urban fields and megaregions, though in the latter it 
may be possible to identify multiple cores, e.g., in the Ruhr 
in the FRG, and in the Atlantic Seaboard metropolitan belt of 
the USA. 

Given this context it should be possible to test the 
theory that, at least in some settings, innovation and economic 
growth have a two-fold spatial-temporal character; that is, 
they trickle down through the urban hierarchy and also spread 
from urban cores to their respective hinterlands. But the 
hierarchy may include urban fields, megaregion cores, and 
perhaps even megaregions rather than just the traditionally 
defined cities or metropolitan areas. Initially this systems 
model will be tested by means of shift-share analyses using 
fairly detailed regional employment data. 

It also should be possible to test the theory that urban 
system development is a function of contact systems and in- 
formation flows--which frequently must be viewed in an inter- 
national setting--and that economic growth and innovation 
diffusion patterns may not correspond to the predictions of the 
theory of hierarchical filtering and hinterland spread. Thus, 
for analytic purposes mappings of information flows can be 
superimposed on urban-region mappings. Several European and 
American scholars are cooperating in this phase of the research. 

In conclusion, I would like to stress that if IIASA did 
not exist it would be extremely difficult to carry out the 
research task outlined above. The conceptual framework for 
this study was developed at IIASA, but much of the work involved 
is in fact being carried out by collaborating institutions in 
the East and West, both because they feel that it is in their 
own interest and because IIASA provides an ideal coordinating 
mechanism for studying problems common to Eastern and Western 
countries. 



The results of the study may find different applications, 
depending on the country or countries in question. In planned 
economies, for example, they may help to bring about a closer 
correspondence between functional economic areas andadmin- 
istrative regions. In market-oriented settings, they should 
suggest efficient levers for altering the spatial allocation of 
resources in favor of patterns deemed more desirable than those 
that would result from market forces in the prevailing institu- 
tional setting. 
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Migration and Settlement 

A. Rogers 

INTRODUCTION 

Human settlement issues and problems are becoming the focus 
of increasing concern among national governments in many West and 
East European countries, in North America, and in parts of the 
Third World. Programs to encourage the development of economi- 
cally declining regions, to stem the growth of large urban centers, 
and to revitalize the central areas of expanding metropolises are 
parts of national agendas all over the globe. A notable example 
is the work of the US Commission on Population Growth and the 
American Future, which devoted one of its eight research reports 
entirely to the subject of population distribution policy [I]. 

Although much of the Commission's attention was directed at 
national population growth and its consequences, for its research 
report, PopuZa t ion ,  D i s t r i b u t i o n ,  and P o l i c y ,  it commissioned 
papers that directly addressed issues and problems of human settle- 
ment and internal migration (1, pp.xIv-xV]: 

Major national attention and the Commission's 
primary focus has been on national population growth. 
But national growth implies local growth as additional 
population is distributed in the rural areas, small 
towns, cities and suburbs across the country. And 
choices we make about national population growth 
cannot help but have important meaning for local 
areas. . . . 

Where people move inevitably affects the distribu- 
tion of the population and the growth of local areas. 
As a result, any n a t i o n a Z  d i s t r i b u t i o n  p o t i c y  w i l l ,  t o  
some d e g r e e ,  t r y  t o  i n t e r v e n e  i n  t h e  m i g r a t i o n  p r o c e s s  
by encouraging people to move to one place rather than 
another or not to move at all. 

Despite the general recognition that migration processes and 
settlement patterns are intimately related, one nevertheless finds 
that the dynamics of their interrelationships are not well under- 
stood. An important reason for this lack of understanding is that 
demographers have in the past accorded migration a status subser- 
vient to fertility and mortality, and have almost totally ignored 



t h e  s p a t i a l  dimension of  p o p u l a t i o n  growth.* Thus, whereas  prob-  
l e m s  o f  f e r t i l i t y  and m o r t a l i t y  long  ago  s t i m u l a t e d  a  r i c h  and 
s c h o l a r l y  l i t e r a t u r e ,  s t u d i e s  o f  m i g r a t i o n  have o n l y  r e c e n t l y  
begun t o  f l o u r i s h .  Consequent ly ,  one f i n d s  today  a  r a t h e r  l a r g e  
and growing body of s c h o l a r l y  work on m i g r a t i o n  a w a i t i n g  a  sys -  
t e m a t i c  s y n t h e s i s  ( e . g . ,  [ 2 , 3 , 4 ] ) .  The c o n t r i b u t i o n s  of soc io -  
l o g i s t s  i n  i d e n t i f y i n g  m i g r a t i o n  d i f f e r e n t i a l s  ( t h e  "who" of 
m i g r a t i o n ) ,  of geog raphe r s  i n  a n a l y z i n g  d i r e c t i o n a l  m i g r a t i o n  
s t r e a m s  ( t h e  "where" of m i g r a t i o n ) ,  and of economis t s  i n  examin- 
i n g  t h e  d e t e r m i n a n t s  and consequences  of i n t e r n a l  m i g r a t i o n  ( t h e  
"why" and " s o  what" of m i g r a t i o n )  s t i l l  have n o t  been s y s t e m a t i -  
c a l l y  s y n t h e s i z e d  i n t o  a  u n i f i e d  g e n e r a l  t h e o r y  of i n t e r n a l  m i -  
g r a t i o n .  

Out  o f  t h e  r e c e n t l y  growing l i t e r a t u r e  on m i g r a t i o n ,  w e  a t  
IIASA have i d e n t i f i e d  arid i s o l a t e d  f o u r  r e l a t e d  r e s e a r c h  s u b t a s k s  
t h a t  a r e  of p a r t i c u l a r  r e l e v a n c e  t o  o u r  long- te rm g e n e r a l  i n t e r -  
ests i n  n a t i o n a l  s e t t l e m e n t  sys tems  and s t r a t e g i e s  (see F i g u r e  1 ) .  
They a r e  : 

- The s t u d y  of s p a t i a l  p o p u l a t i o n  dynamics; 

- The d e f i n i t i o n  and e l a b o r a t i o n  o f  a  new r e s e a r c h  
a r e a  c a l l e d  demometrics and i t s  a p p l i c a t i o n  t o  
m i g r a t i o n  a n a l y s i s  and s p a t i a l  p o p u l a t i o n  
f o r e c a s t i n g ;  

- The a n a l y s i s  and d e s i g n  of m i g r a t i o n  and s e t t l e m e n t  
policy; 

- A comparative study of  n a t i o n a l  m i g r a t i o n  and s e t t l e -  
ment p a t t e r n s  and p o l i c i e s .  

SETTLEMENT 

Fiprr  I .  Migration and srttlcment study. 

* 
There  a r e ,  of c o u r s e ,  a  few n o t a b l e  e x c e p t i o n s ,  e . g . ,  t h e  

work of P e t e r  Morr ison i n  t h e  USA and t h a t  of Leroy S tone  i n  
Canada and of  V.I. Pe reveden t s ev  i n  t h e  USSR. 



THE FOUR PRINCIPAL SUBTASKS 

Dynamics 

The evolution of every spatial human population is governed 
by the interactions of births, deaths, and migration. Individu- 
als are born into a population, age with the passage of time, 
reproduce, and ultimately leave the population because of death 
or outmigration. These events and flows enter into an accounting 
relationship in which the growth of a regional population is de- 
termined by the combined effects of natural increase (births minus 
deaths) and net migration (inmigrants minus outmigrants). This 
subtask focuses on such relationships in order to identify and 
clarify some of the more fundamental spatial population dynamics 
involved. In addition to its general concern with the expansion 
of our knowledge of spatial mathematical demography, the dynamics 
subtask is also focusing on problems of model schedules and pop- 
ulations, sensitivity analysis, spatial zero population growth 
and aggregation-decomposition procedures (see Figure 2). 

SPATIAL MATHEMATICAL DEMOGRAPHY I 
MODEL SCHEDULES & POPULATIONS I 
SENSITIVITY ANALYSIS I 
SPATIAL ZERO POPULATION GROWTH I 
AGGREGATION AND DECOMPOSITION I 

The age-specific fertility, mortality, and migration sched- 
ules of most human multiregional populations exhibit remarkably 
persistent regularities (see Figure 3). The age profiles of these 
schedules seem to be repeated, with only minor differences, in 
virtually all developed and developing nations. Consequently, 
demographers have found it possible to summarize and codify such 
regularities by means of hypothetical schedules called m o d e l  
schedules. 

Model schedules have two important applications: they may 
be used to infer (or "smooth") empirical schedules of populations, 
for which the requisite data are lacking (or inaccurate); and 
they can be applied in analytical mathematical examinations of 
population dynamics. 





P
E

R
C

E
N

T
 

M
O

V
IN

G
 

5
0

 t
 

P
R

O
P

O
R

T
IO

N
 

A
T

 E
A

C
H

 A
G

E
 

R
E

S
ID

E
N

T
IA

L
 
M

O
B

IL
IT

Y
 

-
 RA

T
E

 
[I

N
C

L
U

D
IN

G
 

M
O

V
E

R
S

 
F

R
O

M
 
A

B
R

O
A

D
) 

--
--

 
W

IT
H

IN
-C

O
U

N
T

Y
 

R
A

T
E

 

\ 
I; . . \

 - -
 B

E
T

W
E

E
N

-C
O

U
N

T
Y

 
R

A
T

E
 

. - 
B

E
T

W
E

E
N

-S
T

A
T

E
 

R
A

T
E

 

M
IG

R
A

T
IO

N
 

R
EG

IO
N
 

2 

I
.

.
.

.
.

.
 

8
0

 
6

0
 

4
0

 
2

0
 

0
 

2
0

 
4

0
 

6
0

 
8

0
 

A
G

E
 

S
P

A
T

IA
L

 A
G

E
 C

O
M

P
O

S
IT

IO
N

S
 

A
G

E
 

Fi
gu

re
 3

B
. 

Sp
at

ia
l d

yn
am

ic
s.

 

So
ur

ce
s:

 [
5.

6.
7]

 



The development of model fertility and model mortality 
schedules and their use in studies of the evolution of human. 
populations have received a considerable amount of attention 
[8,9,10,11] . The construction of model migration schedules and 
their application to studies of the spatial evolution of human 
populations disaggregated by region of residence, however, have 
not. We at IIASA are addressing this latter question, and have 
been able to show how techniques that have been successfully 
applied to treat the former problem can readily be extended to 
deal with the latter. 

In the realm of spatial mathematical demography, every demo- 
graphic change may be traced back to a change in age-specific 
fertility, mortality, and migration rates. But how do changes 
in these rates affect the dynamics of the spatial demographic 
system? This question is the subject of our studies in sensi- 
tivity analysis. We have derived a set of sensitivity functions 
that relate a change in spatial demographic statistics to a cor- 
responding change in component rates. The primary purpose of 
this analysis is to contribute to the knowledge of spatial popu- 
lation dynamics by presenting a unifying technique of impact 
assessments. In single-region mathematical demography, ordinary 
differential calculus is used to perform such sensitivity analy- 
sis. In multiregional demography, where we deal with matrix and 
vector functions, the application of ordinary calculus is very 
complicated, and matrix differentiation techniques must be applied. 
We have used such mathematical tools to derive analytical. expres- 
sions that establish the impacts of changing rates on multiregion- 
a1 life table statistics, population projections, and stable popu- 
lation characteristics. These sensitivity functions reveal how 
each spatial demographic characteristic depends on age-specific 
rates and how it reacts to changes in those rates. 

Increasing concern about the sizes and growth rates of 
national populations has generated a vast literature dealing with 
the socio-economic and environmental consequences of a reduction 
of fertility to replacement levels and the consequent evolution 
of national populations to a zero-growth condition called station- 
arity. But where people choose to live in the future presents 
issues and problems that are potentially as serious as those posed 
by the number of children they choose to have. The ways in which 
stabilization of a national population is likely to affect nigra- 
tion and local growth have received very little attention and 
merit careful study. 

We have considered some of the redistributional consequences 
of an immediate reduction of fertility to bare replacement levels. 
This analysis has been carried out using the mathematical appa- 
ratus developed by demographers to analyze the evolution of 
national populations to zero growth, with an appropriate extension 
to include the spatial impact of internal migration. Such an ex- 
tension shows that stabilization of the regional populations in 
a multiregional system will alter the relative contributions of 
natural increase and migration to regional growth. Regional age 



c o m p o s i t i o n s  w i l l  a l s o  be a f f e c t e d ,  and i n  ways t h a t  a r e  s t r o n g l y  
i n f l u e n c e d  by t h e  a g e  p a t t e r n s  of m i g r a t i o n .  R e t i r e m e n t  h a v e n s ,  
f o r  example,  w i l l  r e c e i v e  p r o p o r t i o n a t e l y  h i g h e r  f l o w s  o f  inmi-  
g r a n t s  a s  a  n a t i o n a l  popul .a t ion  i n c r e a s e s  i n  a v e r a g e  a g e ,  where- 
a s  d e s t i n a t i o n s  t h a t  p r e v i o u s l y  a t t r a c t e d  m o s t l y  younger  m i g r a n t s  
w i l l  r e c e i v e  p r o p o r t i o n a t e l y  fewer  i n m i g r a n t s .  F i n a l l y ,  t h e  
r e d i s t r i b u t i o n a l  e f f e c t s  o f  s t a b i l i z a t i o n  w i l l  depend i n  a  v e r y  
d i r e c t  way on t h e  r e d i s t r i b u t i o n a l  p a t t e r n  o f  t o t a l  b i r t h s  t h a t  
is  o c c a s i o n e d  by f e r t i l i t y  r e d u c t i o n .  

During t h e  p a s t  two d e c a d e s  s o c i a l  s c i e n t i s t s  have  come t o  
model dynamic socio-economic sys tems  of  growing s i z e  and complex- 
i t y .  D e s p i t e  a  heavy r e l i a n c e  on e v e r  more s o p h i s t i c a t e d  h i g h -  
speed  d i g i t a l  compute rs ,  t h e i r  c a p a c i t y  f o r  h a n d l i n g  such  s y s t e m s  
h a s  n o t  k e p t  p a c e  w i t h  t h e  growing demands f o r  more d e t a i l e d  
i n f o r m a t i o n .  Consequent ly ,  it i s  becoming e s p e c i a l l y  i m p o r t a n t  
t o  i d e n t i f y  t h o s e  a s p e c t s  o f  a  sys tem t h a t  p e r m i t  o n e  t o  d e a l  
w i t h  p a r t s  o f  it i n d e p e n d e n t l y  from t h e  rest  o r  t o  t r e a t  r e l a t i o n -  
s h i p s  among p a r t i c u l a r  subsys tems  a s  though t h e y  were i n d e p e n d e n t  
o f  t h e  r e l a t i o n s h i p s  w i t h i n  t h o s e  subsys tems .  These  q u e s t i o n s  
a r e ,  r e s p e c t i v e l y ,  t h o s e  of decompos i t ion  and a g g r e g a t i o n ,  and 
t h e i r  a p p l i c a t i o n  toward " s h r i n k i n g "  l a r g e - s c a l e  p o p u l a t i o n  p r o -  
j e c t i o n  models  i s  one  e lement  o f  o u r  s p a t i a l  p o p u l a t i o n  dynamics  
s u b t a s k .  

Demometrics 

I n  1938, t h e  US N a t i o n a l  Resources  Committee p u b l i s h e d  a  
major  demographic  s t u d y  which,  a f t e r  a d o p t i n g  a  set  of  " r e a s o n -  
a b l e "  a s s u m p t i o n s  w i t h  r e g a r d  t o  f u t u r e  f e r t i l i t y ,  m o r t a l i t y  and 
n e t  i m m i g r a t i o n ,  p r o j e c t e d  t h e  t o t a l  US p o p u l a t i o n  i n  1980 t o  be 
158 m i l l i o n ,  a t  which t i m e  it was a l s o  t o  have r e a c h e d  a  s t a t e  
o f  e q u i l i b r i u m .  The US p o p u l a t i o n  p a s s e d  t i le  158 m i l l i o n  mark 
less t h a n  f i f t e e n  y e a r s  l a t e r  and t o d a y  e x c e e d s  210 m i l l i o n .  

I t  is  d i f f i c u l t  t o  f a u l t  such  p r o j e c t i o n s ,  f o r  it i s  v e r y  
u n l i k e l y  t h a t  any competent  demographer ,  f a c e d  w i t h  t h e  same 
s i t u a t i o n ,  would have  come up w i t h  a  r a d i c a l l y  d i f f e r e n t  se t  of 
p r o j e c t i o n s .  How t h e n ,  c a n  t h e  a c c u r a c y  of such  e x e r c i s e s  i n  
s o c i a l  p r e d i c t i o n  be improved? W e  a t  IIASA b e l i e v e  t h a t  t h e  
development  o f  a  d i s c i p l i n e  c a l l e d  demonre t r i e s  i s  a  n e c e s s a r y  
f i r s t  s t e p  (see F i g u r e  4 ) .  

MIGRATION THEORY I 
URBAN LABOR-FORCE DYNAMICS I 
URBAN-REGIONAL ECONOMETRIC MODELS 



In the field of economics a division is generally made 
between the areas of mathematicaZ economics and econometrics. 
The former deals principally with abstract mathematical descrip- 
tions of economic dynamics and economic growth; the latter treats 
statistically-estimated relationships between basic economic 
variables. Analogous distinctions are made to distinguish mathe- 
matical psychology from psychometrics, mathematical biology from 
biometrics, and mathematical sociology from sociometrics. In a 
similar vein, we at IIASA are distinguishing mathematical demog- 
raphy from demometrics, the development and elaboration of which 
forms the major focus of the second of the four principal sub- 
tasks in the migration and settlement study. 

In a broad sense, demometrics is concerned with the unified 
application of mathematical and statistical methods to the study 
of demographic phenomena. The principal aim of this discipline 
is to establish empirically quantitative relationships between 
demographic and socio-economic variables. It is important not 
to confuse this activity with mathematical demography and sta- 
tistical techniques (as does Winkler [121), or with demographic 
statistics (as does the layman). Demometrics is distinguished 
by its fusion of the deductive approach of mathematics, the 
inductive approach of statistics, and the causal approach of 
demographic theory. 

The 1938 projection by the US ~ational Resource Committee, 
like most projections today, did not link demographic variables 
with economic variables. Until very recently, this has been a 
standard practice in both disciplines. That is, demographers 
typically have given economic variables only cursory treatment 
in their models, and economists have accorded demographic vari- 
ables a similar status. In the words of Hoover [13, p.731: 

Purely demographic and purely economic models...are 
multitudinous and often highly complex. This makes even 
more striking the relatively primitive state of the art 
that prevails in the linking of demographic and economic 
variables. 

Much of our work in the demometrics subtask is directed 
toward advancing the state of the art in this fledgling activity. 
Our fundamental approach has been to couple an economic model 
with a demographic model by means of linkages through the con- 
sumption and labor sectors (see Figure 5). The former linkage 
appears in the form of a consumption function that demands the 
economy to produce a certain output for the population to consume. 
The latter linkage takes the form of a migration labor-force 
equilibrating model that views the demographic model as the 
supplier of labor and the economic model as the demander of labor. 
The two models operate recursively in developing forecasts of 
demographic and economic growth that are internally consistent. 

The consistent-forecasting framework just outlined has led 
us to consider in some detail two related areas of research: 
migration theory, and urban labor-force dynamics. 
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Figure 5. Consistent demographic-economic forecasting. 

Theory- and model-building in the field of migration 
research has both a micro- and a macro-dimension. The former is 
dominated by the economist's perspective of migration as an in- 
vestment in human capital--a perspective which holds that 
"migration may be viewed as a comparison of the present value of 
the benefits and costs of moving" [14, p.3651. The macrotheory 
of migration, on the other hand, focuses on aggregate movements 
and, like macro-economics, generally fails to relate in any 
precise manner its theories with those concerning individual 
decision-making (i.e., the microtheory). 

Although an economic model forecasts the quantity of labor 
that will be demanded, it is important to know how much of that 
labor will be supplied by the resident population and how much 
by new migrants. Inmigration, for example, implies a larger 
population, whereas a change in the labor-force participation 
rate of residents does not. Both sources of labor supply com- 
pete for the same jobs, and each introduces a different influ- 
ence on the ultimate forecast. 

A large literature on urban labor-force dynamics is avail- 
able. In the past, much of it has been concerned with proving 
or disproving the "added worker" and "discouraged worker" 
hypotheses [ I  51. Recently, attention has been directed at the 
dynamics of the job search process itself [16]. We believe that 
this body of literature will ultimately provide the connecting 
link between urban migration and labor-force dynamics; conse- 
quently, an increasing amount of our research effort is being 
directed toward establishing such a connection. 



P o l i c y  

The p o l i c y  a n a l y s i s  and d e s i g n  s u b t a s k  o f  t h e  m i g r a t i o n  and 
s e t t l e m e n t  s t u d y  i s  s u r v e y i n g  t h e  fundamental  d imens ions  o f  c u r -  
r e n t  n a t i o n a l  m i g r a t i o n  and s e t t l e m e n t  p o l i c i e s .  I n  p a r t i c u l a r ,  
it i s  examining t h e  consequences  o f  m i g r a t i o n ,  t h o s e  a f f e c t i n g  b o t h  
t h e  o r i g i n  r e g i o n  and t h e  d e s t i n a t i o n  r e g i o n .  And it is  e v a l u a t i n g  
t h e  u t i l i t y  o f  t h e  " o p t i m a l  p o l i c y "  paradigm o f  T inbergen  t h a t  re- 
c e n t l y  h a s  been u s e f u l l y  a p p l i e d  by m a t h e m a t i c a l  economic p l a n n e r s  
(see F i g u r e  6 )  . 

INDIVIDUAL CONSEQUENCES OF MIGRATION 

SOCIETAL CONSEQUENCES OF MIGRATION 

OPTIMAL POLICY MODELS 1 
Figure 6 .  Policy. 

A  wide v a r i e t y  of  c o u n t r i e s  a r e  s t r i v i n g  t o  c h a n n e l  u rban  
growth t o  c e r t a i n  r e g i o n s  and t o  d i v e r t  it from o t h e r s .  Gener- 
a l l y ,  s u c h  n a t i o n a l  u r b a n i z a t i o n  o r  human s e t t l e m e n t  p o l i c i e s  
have  been defended  on  t h e  g rounds  o f  e i t h e r  n a t i o n a l  e f f i c i e n c y  
o r  r e g i o n a l  e q u i t y .  The arguments  o f t e n  a r e  framed i n  terms o f  
a n  u n d e r l y i n g  c o n c e p t u a l  framework known a s  "growth-pole  t h e o r y "  
( e g  1 7  M i g r a t i o n  is an  i m p o r t a n t  e lement  o f  t h i s  t h e o r y  
[17,  pp. 149-1501 : 

One j u s t i f i c a t i o n  f o r  p u r s u i n g  a  g r o w t h - c e n t r e  
p o l i c y  i n  a  d e p r e s s e d  r e g i o n  r e l a t e s  t o  t h e  supposed 
a b i l i t y  of  major  u rban  c e n t r e s  t o  g e n e r a t e  and t o  
a t t r a c t  m i g r a n t s .  There  a r e  t h r e e  arguments  h e r e  .... 
These t h r e e  arguments  r e l a t e  s u c c e s s i v e l y ,  t h e n ,  t o  t h e  
g e n e r a t i o n ,  i n t e r c e p t i o n  and a t t r a c t i o n  o f  m i g r a n t s .  And 
s o  we must  l o o k  i n  t h i s  c h a p t e r  n o t  a t  t h e  e f f e c t s  o f  
m i g r a t i o n  on t h e  f o r t u n e s  o f  t h e  growth c e n t r e  o r  i t s  
h i n t e r l a n d . . . b u t  a t  t h e  c a u s e s  and n a t u r e  o f  m i g r a t i o n .  

W e  a t  IIASA a r e  f o c u s i n g  on t h e  c a u s e s  o f  m i g r a t i o n  i n  t h e  
demometr ics  s u b t a s k  and  on t h e  c o n s e q u e n c e s  o f  m i g r a t i o n  ( i . e . ,  
i t s  consequence f o r  t h e  i n d i v i d u a l  m i g r a n t )  i n  t h e  p o l i c y  a n a l y -  
sis s u b t a s k .  

S e v e r a l  s c h o l a r s  o f  i n t e r n a l  m i g r a t i o n  have conc luded  t h a t  
t h e  e x p e r i e n c e  o f  m i g r a t i o n  a f f e c t s  f a v o r a b l y  t h e  p e r s o n a l  w e l l -  
b e i n g  and s a t i s f a c t i o n  o f  t h e  m i g r a n t  ( e . g . ,  [18,19]  ) . However, 
t h e  s o c i e t a l  consequences  o f  m i g r a t i o n  o f t e n  f a l l  u n e q u a l l y  on 
d i f f e r e n t  g roups .  



Migration, as a mechanism for transferring labor from labor 
surplus areas to labor deficit areas, moves the national economy 
toward greater efficiency. But this adjustment of the national 
labor market has local consequences with regard to equity. And 
it is these negative consequences that often fall on those "left 
behind", since it is the most productive members of the labor 
force that are the ones who move away, leaving behind localities 
increasingly unattractive for industrial investment [19]. 

The various individual and societal consequences of internal 
migration have broad implications for national policies dealing 
with migration and settlement. The built-in conflict between the 
goals of national efficiency and regional equity is a fundamental 
"fact of life" in the design of such policies, one that ultimate- 
ly can be resolved only in the political arena. A potentially 
useful tool for illuminating some of the tradeoffs is offered 
by the formal theory of economic policy, first proposed in 1963 
by J.  inb berg en [20] in the field of economic planning (see Figure 
7, and [ 2 1 ,  pp.11-121): 

The theory of economic policy is concerned with 
the analysis of decision situations and policy problems, 
using that part of general economic theory which can 
be quantitatively applied to economic data in some 
operational sense. ... This analytical framework has 
been used implicitly in other contexts which are not 
economic in any conventional sense. For instance, 
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control engineers and communications systems analysts, 
in developing the theory of servomechanisms and the 
principles of automatic control of a complex physical 
system, start by describing the "laws of motion" of 
the existing physical system by a set of differential 
or difference equations involving variables which are 
controlled (inputs) and other variables which are the 
effects or outputs. Comparisons are made between 
alternative outcomes over time when the controlled vari- 
ables are completely absent from the system and when 
they are present at different assigned levels. A set 
of optimal controls is then chosen which in some 
sense provides the best possible outcome, e.g., which 
optimizes a given performance integral in a feedback 
control in the servomechanism theory. 

As the authors of the above quotation point out, "the logical 
structures of some problems of economic policy are formally analo- 
gous to problems of decision-making and stabilization or 'steer- 
ing' in other fields". We believe that spatial demography is one 
such field, and we therefore are actively exploring the utility 
of this approach for migration and settlement policy analysis 
and design. 

Comparative Study 

The comparative study of migration and settlement (Figure 8) 
has adopted the general framework of two recently published studies 
carried out in a closely related area. Specifically, the compar- 
ative analysis of human m i g r a t i o n  and r e d i s t r i b u t i o n  is being car- 
ried out in a manner that is analogous to the procedures used by 
two studies of human m o r t a l i t y - f e r t i l i t y  and r e p r o d u c t i o n ,  namely, 
the book by Keyfitz and Flieger entitled P o p u l a t i o n :  F a c t s  and 
Methods o f  Demography [22], and that edited by Berelson entitled 
P o p u l a t i o n  P o l i c y  i n  Deileloped C o u n t r i e s  [23] (see Figure 9) . 
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Figure 8. Comparative study. 
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The K e y f i t z  and F l i e g e r  book f o c u s e s  on o b s e r v e d  age-  and s e x -  
s p e c i f i c  m o r t a l i t y  and f e r t i l i t y  s c h e d u l e s ,  and p r o j e c t s  t h e  evo- 
l u t i o n  o f  t h e  p o p u l a t i o n s  exposed t o  t h e s e  s c h e d u l e s .  I n  o r d e r  t o  
examine t h e  p o p u l a t i o n  t r e n d s  of  t h e  p r e s e n t  d a y ,  t h e  a u t h o r s  c o l -  
l e c t  t o g e t h e r  a  d a t a  bank o f  p o p u l a t i o n  s t a t i s t i c s  from more t h a n  
9 0  c o u n t r i e s  and s u b j e c t  t h e s e  t o  a  s t a n d a r d i z e d  a n a l y t i c a l  
p r o c e s s .  

I f  n a t i o n a l  p o p u l a t i o n  g rowth  i s  t h e  p r i m a r y  focus of  t h e  
K e y f i t z  and F l i e g e r  s t u d y ,  i t s  p r i n c i p a l  approach f o r  examining 
s u c h  growth i s  embodied i n  a  c o l l e c t i o n  of  computer  programs t h a t  
p r o v i d e  t h e  v e h i c l e  f o r  a n a l y z i n g  p o p u l a t i o n  g rowth  i n  a  c o n s i s -  
t e n t  and un i fo rm manner.  These programs and t h e  m a t h e m a t i c a l  
models  t h a t  u n d e r l i e  them a r e  a l s o  p r e s e n t e d  i n  t h e  s t u d y  volume. 

F i n a l l y ,  t h e  major  contribution o f  t h e  K e y f i t z  and F l i e g e r  
s t u d y  i s  t h e  un i fo rm a p p l i c a t i o n  o f  a  c o n s i s t e n t  methodology t o  
a  v a s t  amount o f  d a t a  i n  o r d e r .  t o  t r a c e  p o p u l a t i o n  growth t r e n d s  
i n  a  l a r g e  number of  c o u n t r i e s .  

The f o c u s ,  approach ,  and c o n t r i b u t i o n  o f  t h e  K e y f i t z  and  
F l i e g e r  s t u d y  have much i n  common w i t h  t h o s e  o f  t h e  c o m p a r a t i v e  
s t u d y  o f  m i g r a t i o n  and s e t t l e m e n t .  The f o c u s  of  t h e  l a t t e r  a l s o  
i s  p o p u l a t i o n  g rowth ,  b u t  spatiaZ p o p u l a t i o n  g rowth .  The approach  
a l s o  re l ies  on a  un i fo rm set  o f  computer  programs,  b u t  t h e s e  
embody t h e  models o f  muttiregional m a t h e m a t i c a l  demography [ 2 4 ] .  
And t h e  e x p e c t e d  c o n t r i b u t i o n  a l s o  i s  t h a t  o f  l i n k i n g  d a t a  and 
t h e o r y ,  b u t  t h e  d a t a  and t h e o r y  t h a t  a r e  l i n k e d  a r e  spatial i n  
c h a r a c t e r .  

There  a r e  s e v e r a l  i m p o r t a n t  d i f f e r e n c e s  between t h e  two s t u d y  
f o r m a t s  : 

- A pr imary  c o n c e r n  of  t h e  K e y f i t z  and F l i e g e r  s t u d y  i s  
p o p u l a t i o n  reproduction and t h e  demographic transition 
from h i g h  t o  low b i r t h  and d e a t h  r a t e s .  An i m p o r t a n t  
f o c u s  of  t h e  c o m p a r a t i v e  m i g r a t i o n  and s e t t l e m e n t  s t u d y  
i s  p o p u l a t i o n  redistribution and  t h e  mobility transition 
[ 2 5 ]  from low t o  h i g h  m i g r a t i o n  r a t e s .  

- The K e y f i t z  and F l i e g e r  s t u d y  is t h e  p r o d u c t  of  two 
a u t h o r s ;  t h e  c o m p a r a t i v e  m i g r a t i o n  and s e t t l e m e n t  s t u d y  
r e q u i r e s  t h e  c o l l a b o r a t i v e  e f f o r t s  o f  an  i n t e r n a t i o n a l  
team o f  s c h o l a r s  r e s i d i n g  i n  v a r i o u s  member and non- 
member n a t i o n s .  

- The K e y f i t z  and F l i e g e r  s t u d y  i d e n t i f i e s  t r e n d s  and t h e  
n u m e r i c a l  consequences  o f  t h e  c o n t i n u a t i o n  of  such t r e n d s  
i n t o  t h e  f u t u r e ;  t h e  c o m p a r a t i v e  m i g r a t i o n  and s e t t l e m e n t  
s t u d y  i s ,  i n  a d d i t i o n ,  s t r i v i n g  t o  l i n k  n a t i o n a l  t r e n d s  
w i t h  e x p l a n a t o r y  v a r i a b l e s .  

- Although C h a p t e r  4 o f  t h e i r  book i s  e n t i t l e d  " P o l i c y  
Dilemmas and t h e  F u t u r e " ,  t h e  K e y f i t z  and F l i e g e r  s t u d y  
d o e s  n o t  d e a l  w i t h  n a t i o n a l  p o l i c i e s .  ( T h e i r  C h a p t e r  
4  i s  o n l y  t h r e e  pages  l o n g . )  The c o m p a r a t i v e  m i g r a t i o n  



and s e t t l e m e n t  s t u d y ,  however,  e x p l i c i t l y  c o n s i d e r s  t h e  
n a t i o n a l  m i g r a t i o n  and s e t t l e m e n t  p o l i c i e s  o f  e a c h  
c o u n t r y  r e p r e s e n t e d .  I n  t h i s  r e s p e c t ,  t h e  s t u d y  resem- 
b l e s  more t h e  s t u d y  of  p o p u l a t i o n  p o l i c i e s  c o o r d i n a t e d  
by B e r e l s o n  [23] .  

The book e d i t e d  by B e r e l s o n  is a  r e v i e w  o f  p o p u l a t i o n  p o l i -  
c i e s  i n  24 deve loped  c o u n t r i e s .  The i n d i v i d u a l  c h a p t e r s  were 
w r i t t e n  by c o l l a b o r a t i n g  s c h o l a r s  r e s i d i n g  i n  t h e  p a r t i c u l a r  
c o u n t r i e s .  Thus, f o r  example,  P r o f e s s o r  C h a r l e s  Westoff of 
P r i n c e t o n ' s  O f f i c e  of  P o p u l a t i o n  Research  w r o t e  t h e  c h a p t e r  on 
p o p u l a t i o n  p o l i c y  i n  t h e  USA, and P r o f e s s o r  D i m i t r i  V a l e n t e i  of 
Moscow S t a t e  U n i v e r s i t y ' s  P o p u l a t i o n  C e n t e r  a u t h o r e d  t h e  c h a p t e r  
on p o p u l a t i o n  p o l i c y  i n  t h e  USSR. 

According t o  B e r e l s o n ,  " t h e  c o l l a b o r a t o r s  were g i v e n  a  com- 
mon o u t l i n e  a s  a  g u i d e  t o  t h e  t o p i c s  t o  b e  a d d r e s s e d ,  b u t  e a c h  
a u t h o r  was f r e e  t o  p r e p a r e  h i s  r e p o r t  i n  h i s  own manner".  I t  i s  
t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  d i f f e r e n t  a u t h o r s  e l e c t e d  t o  empha- 
s i z e  d i f f e r e n t  a s p e c t s  o f  p o p u l a t i o n  p o l i c y ,  and drew on d i f f e r e n t  
k i n d s  o f  demographic  d a t a  t o  d e v e l o p  t h e i r  p r e s e n t a t i o n s .  Thus 
t h e  book i s  somewhat uneven i n  i t s  c o v e r a g e  and i n  t h e  d a t a  and 
i n d i c a t o r s  p u t  fo rward  by t h e  v a r i o u s  a u t h o r s .  

I n  t h e  m i g r a t i o n  and s e t t l e m e n t  s t u d y  w e  a r e  s t r i v i n g  t o  
mar ry  t h e  B e r e l s o n  approach  w i t h  t h e  K e y f i t z - F l i e g e r  approach  i n  
o r d e r  t o  c a p t u r e  t h e  b e s t  f e a t u r e s  of each .  Every n a t i o n a l  a n a l y -  
sis i n  t h e  compara t ive  s t u d y  of  m i g r a t i o n  and s e t t l e m e n t  is ,  a s  
i n  t h e  B e r e l s o n  s t u d y ,  b e i n g  c a r r i e d  o u t  i n  c o l l a b o r a t i o n  w i t h  
s c h o l a r s  r e s i d i n g  i n  t h e  c o u n t r i e s  b e i n g  s t u d i e d .  However, most  
of t h e  d a t a ,  p r o j e c t i o n s ,  and i n d i c a t o r s  t h a t  form t h e  f o u n d a t i o n  
of  t h e  a n a l y s i s  a r e  b e i n g  p r o c e s s e d ,  a s  i n  t h e  K e y f i t z - F l i e g e r  
s t u d y ,  by a  common set  of computer  programs.  These d a t a  and 
programs w i l l  b e  p u b l i s h e d .  

AN ELEMENT OF THE FIRST SUBTASK: SPATIAL ZERO POPULATION GROWTH 

World Zero P o p u l a t i o n  Growth 

Most demographers  would a g r e e  t h a t  c u r r e n t  r a t e s  o f  wor ld  
p o p u l a t i o n  growth c a n n o t  c o n t i n u e  f o r  more t h a n  a  c e n t u r y  o r  two 
w i t h o u t  p r o d u c i n g  a  c o l l a p s e  o f  t h e  p r e s e n t  wor ld  sys tem.  A much 
p u b l i c i z e d  example o f  t h e  r e c e n t  wave o f  c o n c e r n  o v e r  t h e  w o r l d ' s  
" p o p u l a t i o n  e x p l o s i o n "  i s  t h e  s t u d y  sponsored  by t h e  Club  o f  Rome 
e n t i t l e d  The L i m i t s  t o  Growth,  i n  which it  i s  a s s e r t e d  t h a t  [ 26 ,  
p.231 : 

I f  t h e  p r e s e n t  growth t r e n d s  i n  wor ld  p o p u l a t i o n ,  i n d u s -  
t r i a l i z a t i o n ,  p o l l u t i o n ,  food p r o d u c t i o n ,  and r e s o u r c e  
d e p l e t i o n  c o n t i n u e  unchanged, t h e  l i m i t s  t o  g rowth  on 
t h i s  p l a n e t  w i l l  be  r e a c h e d  sometime w i t h i n  t h e  n e x t  o n e  
hundred y e a r s .  The most p r o b a b l e  r e s u l t  w i l l  b e  a  r a t h e r  
sudden and u n c o n t r o l l a b l e  d e c l i n e  i n  b o t h  p o p u l a t i o n  and 
i n d u s t r i a l  c a p a c i t y .  



A notable effort to examine a range of alternative projections 
of world population growth is the recent book by Frejka entitled 
The Future o f  P o p u l a t i o n  Growth: A l t e r n a t i v e  Paths  t o  E q u i l i b r i u m  
[27]. In this book, the author presents several projections of 
the populations of the developed and less developed regions of the 
world and its major areas. All the projections ultimately con- 
verge to a stationary "zero growth" population and differ only in 
the paths by which this zero growth is achieved. Five major paths 
(or projections) are offered. These differ, one from another, by 
the length of the period of fertility decline to replacement level 
(0, 10, 20, 50, or 70 years). 

According to Frejka, the population of the world in 1970 was 
approximately 3.6 billion, out of which a total of 1.1 billion 
were living in the more developed countries and 2.5 billion re- 
sided in the less developed nations. The age compositions of 
these two populations were significantly different: the median 
age of the former was 31 years whereas that of the latter was 19 
years. The most important implication of this difference is 
simply that the younger population has a proportionately much 
larger stock of future childbearers and, in consequence, a much 
larger built-in "momentum" for growth. 

Figures 10 and 1 1  summarize Frejka's principal findings. 
Figure 10 contrasts the five major growth projections, demon- 
strating that [27, pp.52-541 : 

Provided the average fertility conditions changed so 
substantially that the NRR [net reproduction rate1 de- 
clined from its estimated current (1965-70) level of 1.9 
to a level of 1.0 within a few years, the present world 
population of 3.6 billion would...settle at around 5.6 
to 5.7 billion inhabitants. If, however, a world fer- 
tility decline were brought about very gradually so that 
in, say, 70 years an NRR of 1.0 were attained, then... 
world population would settle at over 15 billion. 

Figure 1 1  disaggregates the population projection of Figure 
10 by "more developed" and "less developed" regions of residence. 
The difference between the two sets of trajectories is striking 
evidence that "future world population growth will increasingly 
be determined by the nature of population growth in the less 
developed regions" [27, p.731. 

Frejka's book is part of a vast literature on the social, 
economic, and environmental impacts of a reduction of fertility 
to replacement level and the consequent evolution of populations 
to a zero growth condition. But where people  choose t o  l i v e  i n  
t h e  f u t u r e  p r e s e n t s  i s s u e s  and problems t h a t  are  p o t e n t i a l l y  a s  
s e r i o u s  a s  t h o s e  posed by t h e  number o f  c h i l d r e n  t h e y  choose t o  
have .  Yet the s p a t i a l  implications of reduced fertility have 
received relatively little attention, and consequently, we are 
ill-equipped to develop adequate responses to questions such 
as the one recently posed by the US Commission on population 



Growth and the American Future* [28, p.131: 

How would stabilization of the national population affect 
migration and local growth? 

Recognizing the importance of examining the spatial con- 
sequences of zero population growth, we at IIASA have applied 
our models of spatial population dynamics to the study of spatial 
aero popuZation growth. 
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Figure 10. Growth of world population, projections one to five 
standard set, 1970-2150 (in absolute numbers and 
in percentages). 

Source: [27] 

A notable exception is the work of Peter Morrison, who 
concludes: "...demographic processes interact in subtle and 
often complex ways, and the mechanisms by which declining 
fertility would influence population redistribution are only 
partially understood. Their elucidation can furnish a clearer 
picture of how and under what circumstances population redis- 
tribution can be influenced by public policy" [29, p.5471. 
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Figure 11.  Growth of population of more developed and less 
developed regions, projections one to five, standard 
set. 1970-2150 (1970 = LOO). 

Source: [27] 

Spatial Zero Population Growth 

Zero population growth for a nation implies an a v e r a g e  of 
zero growth for local areas. This, of course, still allows for 
the possibility of nonzero growth in particular localities. Thus 
s p a t i a Z  zero growth, like ternporaZ zero growth, may be viewed 
either as a condition that ultimately prevails uniformly, or one 
that exists only because of a fortuitous balancing of regional 
rates of positive growth, of zero growth, and of decline. Since 
no obvious advantages arise from the latter case, demographers 
quite naturally have viewed the attainment of temporal zero 
growth in the long run in terms of an indefinite continuation of 
temporal zero growth in the short run. We follow this tradition 
and view the attainment of spatial zero growth in the long run 
in terms of temporal zero growth within each region of a closed 
multiregional population system. In consequence, we confine our 
attention here to the evolution of a particular subset of sta- 
tionary populations, called s p a t i a Z  z e r o - g r o w t h  p o p u Z a t i o n s ,  i.e., 
stable multiregional populations that have a zero growth rate. 
Thus we augment the usual twin assumptions of a fixed mortality 
schedule and a fixed fertility schedule, set at replacement level, 
with the assumption of a fixed migration schedule. 



I f  age - spec i f i c  dea th  r a t e s  a r e  f i x e d  and replacement l e v e l  
b i r t h  r a t e s  remain unchanged, a  popu la t ion  t h a t  is  c losed  t o  
mig ra t ion  w i l l  u l t i m a t e l y  evolve i n t o  a  s t a t i o n a r y  popula t ion .  
The c h a r a c t e r i s t i c s  of such a  popula t ion  a r e  we l l  known. The 
number of i n d i v i d u a l s  a t  any age would remain f i x e d ,  and t h e  t o t a l  
number of  dea ths  would equal  e x a c t l y  t h e  t o t a l  number of b i r t h s .  
Because m o r t a l i t y  r i s k s  would be r e l a t i v e l y  low from j u s t  a f t e r  
b i r t h  through middle age ,  t h e  age composit ion of such a  popula t ion  
would be n e a r l y  r e c t a n g u l a r  u n t i l  ages  50 o r  60, t a p e r i n g  much 
more r a p i d l y  t h e r e a f t e r  wi th  t h e  i n c r e a s e  i n  d e a t h  r a t e s  among 
t h e  o l d e r  popula t ion .  

The maintenance of  a  s t a t i o n a r y  popu la t ion  r e q u i r e s  t h a t  
p a r e n t s  have only  a s  many c h i l d r e n  a s  a r e  needed t o  main ta in  a  
f i x e d  number of  b i r t h s  every  yea r .  This  means, f o r  example, t h a t  
a  1,000 women must on t h e  average produce a  1,000 baby g i r l s  dur-  
i n g  t h e i r  l i f e t i m e .  Moreover, s i n c e  some g i r l s  w i l l  n o t  su rv ive  
t o  become mothers ,  t h o s e  who do must have s l i g h t l y  more than 
1,000 daugh te r s  i n  o rde r  t o  compensate f o r  t hose  who d o n ' t .  
Hence t h e  g r o s s  r ep roduc t ion  r a t e  (GRR) must be g r e a t e r  than  
u n i t y  by an amount j u s t  s u f f i c i e n t  t o  main ta in  a  n e t  r ep roduc t ion  
r a t e  (NRR) of  un i ty .  For example, about  97 t o  98 pe rcen t  of 
t h e  women i n  t h e  United S t a t e s  today s u r v i v e  t o  t h e  p r i n c i p a l  
ages  of c h i l d b e a r i n g .  Consequently, t hose  who do must have 
approximately 1.027 daughters ,  on t h e  average ,  a s  they  pas s  through 
t h e  ch i ldbea r ing  ages.  I n  o t h e r  words, t h e  GRR must be 1.027 i n  
o r d e r  f o r  t h e  NRR t o  be u n i t y . *  

The Momentum of S p a t i a l  Zero Popula t ion  Growth 

Di f f e rences  between most observed popu la t ion  age composit ions 
and those  of s t a t i o n a r y  popu la t ions  make it v i r t u a l l y  imposs ib le  
t o  a t t a i n  zero  growth i n  t h e  near  f u t u r e .  A c losed  p o p u l a t i o n ' s  
b i r t h  r a t e  and growth r a t e  depend on i t s  f e r t i l i t y  schedule  and 
i t s  age composit ion.  Consequently, whether and how long a  pop- 
u l a t i o n  con t inues  t o  grow a f t e r  achieving  a  n e t  reproduct ion  
r a t e  of u n i t y  depends on t h a t  p o p u l a t i o n ' s  age composition and 
i t s  degree  of d ivergence  from t h a t  of a s t a t i o n a r y  popula t ion .  
The r a t i o  by which t h e  u l t i m a t e  s t a t i o n a r y  popu la t ion  exceeds a  
c u r r e n t  popula t ion  i s  t h e  "momentum" of t h a t  popu la t ion ,  a  quan- 
t i t y  t h a t  r e c e n t l y  has been given a n a l y t i c a l  con ten t  by Keyf i tz  
[30] who shows t h a t  t h e  momentum of a  popu la t ion  numbering K 

* 
Because t h e r e  a r e  u s u a l l y  about  105 baby boys born f o r  

every  100 baby g i r l s ,  mothers i n  a  s t a t i o n a r y  popu la t ion  of 
males and females would need t o  have a  t o t a l  r a t e  of r ep roduc t ion  
about  t h r e e  pe rcen t  more than twice  1.027. I n  t h i s  way we o b t a i n  
t h e  t o t a l  f e r t i l i t y  r a t e  of  2 . 1 1  used,  f o r  example, i n  t h e  U S  
Census Bureau p r o j e c t i o n s  [31] . 



individuals, with an age composition close to stable, may be 
approximated by the expression 

where b is the birth rate, r is the rate of growth, e(0) is the 
expectation of life, and R(0) is the net reproduction rate--all 
measured before the drop in fertility--and p is the mean age of 
childbearing afterward. Observe that equation (1) also may be 
expressed as 

where 

is the number of births in the (ultimately) stationary population. 
Note that since the derivation assumes the population to be ap- 
proximately stable before the decline in fertility, b and r are 
intrinsic stable rates of the initial (nonstationary) regime of 
growth. 

Straightforward population projection calculations may be 
used to obtain the future population that evolves from any par- 
ticular observed or hypothetical regime of growth. Therefore 
equation (1) is not needed to obtain a numerical estimate of an 
ultimate stationary population. However, Keyfitz's simple mo- 
mentum formula gives us an understanding of the population 
dynamics that are hidden in the arithmetical computations of a 
population projection. It identifies in an unambiguous way the 
five parameters of a current population that determine the size 
of the ultimate stationary population. 

We at IIASA have developed a spatial generalization of 
Keyfitz's momentum formula. We beginnby estimating the ultimate 
size of the total stationary births, Q, by means of equation ( 1 ) ;  
next, we distribute that total among the various regions accord- 
ing to the allocation defined by the characteristic vector as- 
sociate+ with the unit root of the "reduced" net reproduction 
matrix R(0); then premultiplying the resulting vector by the 
matrix 6f expectations of life at birsh e ( O ) ,  we find the vector 
of regional zero-growth populations ( Y ) ,  i.e., 



where 19) i s  s c a l e d  t o  sum t o  6 ,  t h e  l a t t e r  coming from ~ e y f i t z ' s  
s i n g l e - r e g i o n  fo rmula .  

E q u a t i o n  ( 2 )  may b e  used  t o  d r a m a t i c a l l y  u n d e r s c o r e  o u r  
e a r l i e r  a s s e r t i o n  t h a t  where  p e o p l e  c h o o s e  t o  l i v e  i n  t h e  f u t u r e  
p r e s e n t s  i s s u e s  and  p r o b l e m s  t h a t  a r e  p o t e n t i a l l y  a s  s e r i o u s  a s  
t h o s e  posed  b y  t h e  number  o f  c h i l d r e n  t h e y  c h o o s e  t o  h a v e .  Con- 
s i d e r ,  f o r  example,  t h e  p r o j e c t i o n  t o  z e r o  g rowth  o f  I n d i a ' s  
p o p u l a t i o n  t h a t  was r e c e n t l y  c a r r i e d  o u t  by Ryder on  t h e  b a s i s  
o f  t h e  f o l l o w i n g  a s s u m p t i o n s  [32,  p.61 : 

To s i m p l i f y  t h e  t a s k  o f  p r o j e c t i n g  t h e  p o p u l a t i o n  
o f  I n d i a ,  we make t h e  f o l l o w i n g  assumpt ions :  it i s  a  
s t a b l e  p o p u l a t i o n  w i t h  a  growth r a t e  r = +0.025 and 
s u r v i v a l  f u n c t i o n s  c o r r e s p o n d i n g  t o  t h o s e  l a b e l l e d  
"West,  l e v e l  13" ( f o r  which t h e  f e m a l e  and male  ex- 
p e c t a t i o n s  o f  l i f e  a t  b i r t h  a r e  50 and  47.114, re- 
s p e c t i v e l y )  i n  t h e  Coale/Demeny c o l l e c t i o n ;  t h e  mean 
a g e  o f  ( g r o s s )  m a t e r n i t y  m = 29; t h e  r a t i o  o f  male  
t o  f e m a l e  b i r t h s  k  = 1.05;  and  t h e  c u r r e n t  p o p u l a t i o n  
s i z e  i s  600 m i l l i o n .  

From t h e s e  assumpt ions  it f o l l o w s  t h a t  t h e  i n i t i a l  number o f  
f e m a l e  b i r t h s  p e r  annum B ( t )  e q u a l s  12.156 m i l l i o n ,  R ( 0 )  e q u a l s  
2.019, apd p e q u a l s  28.672 y e a r s .  Applying e q u a t i o n  ( 1 1 ,  Ryder 
f i n d s  a  Q o f  8.558 m i l l i o n  and a  z e r o  g rowth  p o p u l a t i o n  o f  851 
m i l l i o n .  H e  t h e n  shows t h a t  i f  I n d i a ' s  s u r v i v a l  l e v e l  rises t o  
e ( 0 )  e q u a l s  70 y e a r s  f o r  f e m a l e s  and e ( 0 )  e q u a l s  66.023 y e a r s  
f o r  m a l e s ,  and  

... i f  r ep lacement  l e v e l  f e r t i l i t y  t a k e s  40 y e a r s  
t o  a c h i e v e  and t h e  mean age o f  g r o s s  r e p r o d u c t i o n  
d e c l i n e s  from 29 t o  27, t h e  u l t i m a t e  female  b i r t h  
c o h o r t  s i z e  w i l l  b e  ... 15.029 m i l l i o n .  Given t h a t  
v a l u e ,  ... t h e  c o n s e q u e n t  u l t i m a t e  p o p u l a t i o n  s i z e  
i s  2.094 b i l l i o n  [32,  p.71. 

Ryder c o n c l u d e s  t h a t  " t h e  t h o u g h t  of  a  p o p u l a t i o n  o f  2.1 b i l l i o n  
f o r  I n d i a  i s  s t a g g e r i n g " ,  and g o e s  on  t o  examine i n  what r e s p e c t s  
t h e  components o f  h i s  p r o j e c t i o n  may b e  m o d i f i a b l e .  

T h e r e  i s  no  q u e s t i o n  b u t  t h a t  a  2.1 b i l l i o n  p o p u l a t i o n  f o r  
I n d i a  i s  s t a g g e r i n g .  What i s  even more mind-boggl ing,  however,  
i s  t h a t  a p p r o x i m a t e l y  70 t o  80 p e r c e n t  o f  t h i s  t o t a l  i s  l i k e l y  
t o  b e  found i n  t h a t  n a t i o n ' s  a l r e a d y  teeming  and o v e r  c o n g e s t e d  
u r b a n  a r e a s  ( t h e  c u r r e n t  f i g u r e  i s  20 p e r c e n t ) .  To show t h i s ,  
we need  o n l y  i n t r o d u c e  a  few a d d i t i o n a l  assumpt ions  and t h e n  
a p p l y  e q u a t i o n  ( 2 ) .  S p e c i f i c a l l y ,  assume t h a t  l i f e  e x p e c t a n c y  
i s  55 y e a r s  i n  u rban  a r e a s  and 45 i n  r u r a l  a r e a s ,  w i t h  t h e  m i -  
g r a t i o n  p a t t e r n  b e i n g  s u c h  t h a t  



Assume, further, that the spatial pattern of net reproduction 
after the drop to replacement fertility is given by 

Then, 

and 

Thus, under our assumptions, a fertility reduction that allows 
a woman one baby girl puts roughly 80 percent of India's ulti- 
mate zero-growth population into urban areas (Alternative A in 
Figure 12). A similar calculation using an alternative scheme of 
fertility reduction (i.e., proportional fertility reduction) gives 
about 72 percent for the same figure (Alternative B in Figure 12). 

Figure 12 summarizes the above results. Note that the 
"momentum" for urban areas varies from 500 to 1400 percent, 
depending on the time that it takes for the fertility decline to 
occur and on the spatial pattern of that fertility reduction. 

CONCLUSION 

Internal migration and human settlement patterns are in- 
creasingly becoming subjects of governmental concern, both in 
developed countries and in the developing nations of the Third 
World. Whether the problem is that of ensuring an adequate 
supply of labor in Siberia or one of stemming the vast flood 
of migrants from the farms and villages of Latin America to its 
overcrowded major cities, the need for a well-developed under- 
standing of the relationships between spatial population dynam- 
ics and socio-economic development is clear. A stark reminder 
of this need recently appeared on the editoral page of the Inter- 
national Herald Tribune [in 33, p.41 : 

Bombay - The doors of the jumbo jet swing open and 
the night air rushes in. The warm stench of indus- 
trial wastc a n d  human excrement overpowers the smell 



Figure 12. Growth of India's population to  zero population growth (ZPG). 

Source: [34] 

of jet exhaust. This is Bombay--city of six million, 
industrial giant, metropolis of the western seaboard, 
ringed by forests of chemical plants, textile mills 
and engineering factories. Inside are the people, 
crushed together, man on man, woman on woman, child 
on child. Squeezed between humanity run the open 
sewers, full of the putrid outpourings of an over- 
wrought civilization. 

Bombay at the end of the 17th century had only 10,000 
inhabitants. By 1872 it was 644,000. Today, the 
density of population is higher than Manhattan's and 
growing steadily. Only economic recession keeps the 
numbers down. For once the wheels of industrial 
society move, the people come in their hordes leaving 
the economic insecurity of the villages for this city 
where they think there must be hope. 

Dr. A. Mehta, chief economic adviser of Tata Indus- 
tries...estimates the number of under-employed as 
about 20 million, or 10 percent of the labor force. 
By AD 2000, he argues, India will have to find jobs 
for an additional 200 million people .... He concludes 
that the urban-industrial world is not the answer to 
this problem ... [He] believes this great nation...will 
have to turn its back on its old developmental ideas ... of escaping poverty through industrialization. It 
will have to begin taking its agriculture seriously 
and hold its people on the land and in the villages. 
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Regional Development and Land-Use Models 

J.R. Miron 

INTRODUCTION 

In the brief history of IIASA's involvement in urban re- 
search, first in the Urban project and now in the Human Settle- 
ments research area, emphasis has been placed on mathematical 
models of urban growth and public policy in a national settle- 
ment system (see Figure 1). Commonly, in this kind of research, 
each city or settlement is treated as a point in a network of 
urban centers linked by transportation and communication facil- 
ities or by some organizational connection. Certain useful 
kinds of behavioral and policy theorems can be derived from 
elementary models based on such an abstract conceptualization. 

There are, however, a whole class of urban growth processes 
that operate either in the immediate vicinity of an urban center 
or in that small subset of the national settlement system repre- 
senting neighboring cities and towns. The urban network approach 
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NATIONAL SETTLEMENT 

PUBLIC GOODS AND SERVICES 
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Figure 1. Urban and regional research at IIASA. 
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used at the national level is not satisfactory at the regional 
level. Instead of treating cities as abstract points in space, 
one must put emphasis on the continuity of space. Regional land- 
use models are preferable because of their specific emphasis on 
land areas and spatial patterns of land use. 

It is toward an examination of these regional growth pro- 
cesses, their controllability and their optimality that the 
present research has recently been started. The purpose of this 
short-term project is to undertake a review of the use of mathe- 
matical models in analyzing such growth issues. This research 
is serving to outline some potential research issues to which the 
Human Settlements and Services area might contribute, within the 
Integrated Regional Development (IRD) program. In addition to 
this in-house purpose, the research will contribute to IIASA's 
clearinghouse role by reviewing recent major advances in these 
topics. 

TOPICS AND LINKAGES 

The purpose of this research is to analyze the processes 
underlying the spatial pattern of regional development. Two 
topics of research have been identified (see Figure 2). The 

Figure 2. Main research questions in RDLUM. 
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f i r s t  i s  concerned wi th  t h e  problem of  d e s i g n i n g  a  s p a t i a l  
arrangement  of l and  u s e s  which, i n  some s e n s e ,  "opt imizes t '  r e -  
g i o n a l  development from s o c i e t y ' s  p o i n t  of  view. I n  p rev ious  
r e s e a r c h ,  t h e  des ign  problem has  v i r t u a l l y  always been t r e a t e d  
a b s t r a c t l y .  There has been no a t t e n t i o n  p a i d  t o  t h e  q u e s t i o n s  
of  how t h i s  development i s  t o  be managed o r  how it i s  t o  be  i n -  
t e g r a t e d  w i t h i n  t h e  market s e c t o r  o f  s o c i e t y ,  where t h i s  e x i s t s .  
The d e s i g n  problem has  been t o  de te rmine  where f a c i l i t i e s  o r  
land  u s e s  should  be  p l aced ,  and how much o f  them t h e r e  should  be 
t o  opt imize  some o b j e c t i v e  func t ion .  

The a b s t r a c t  n a t u r e  of  t h i s  des ign  problem makes it a p p l i -  
c a b l e  t o  many k inds  of s o c i e t i e s ,  bo th  E a s t  and West. However, 
every  s o c i e t y  o p e r a t e s  w i t h i n  a  p a r t i c u l a r  i n s t i t u t i o n a l  s t r u c -  
t u r e  and i t s  own d i v i s i o n  between c e n t r a l  p lanning  and d e c e n t r a l -  
i z e d  o r  market decision-making. Given t h a t  some n o t i o n  of  an  
"opt imal"  s p a t i a l  p a t t e r n  of  r e g i o n a l  development can be  found, 
most governments a r e  faced  wi th  e i t h e r  of t h e  fo l lowing  problems: 
they  a r e  n o t  a b l e  t o  manage t h e  proposed development, o r  t h e  mar- 
k e t  s e c t o r  behaves s o  a s  t o  t hwar t  t h e  opt imal  p l an .  To c o u n t e r  
t h e s e  problems, t h e  government t y p i c a l l y  has  t o  f i n d  p o l i c y  t o o l s  
and s t r a t e g i e s  t o  s h i f t  t h e  r e g i o n a l  development p r o c e s s  toward 
t h e  op t ima l  s o l u t i o n .  Th i s  c o n s t i t u t e s  a  second t o p i c  of  re- 
s e a r c h ,  one t h a t  has  been v i r t u a l l y  ignored  i n  p rev ious  r e sea rch .  

Th i s  r e s e a r c h  has many p o t e n t i a l  l i n k a g e s  w i t h  o t h e r  a r e a s  
and programs a t  I I A S A  ( s e e  F igu re  3 ) .  The o u t p u t s  of  t h i s  work 
can be i ncopora t ed  i n t o  t h e  I R D  program. The i n p u t s  could  come 
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from several sources. The Resources and Environment (Ecology) 
area could, for instance, contribute to an integration of land- 
use design and air quality management models. The System and 
Decision Sciences area could contribute toward the research on 
optimization models. Finally, the current activities of the 
Management and Technology area could be integrated directly into 
the development management topic. 

To give some detail and flavor to this discussion, let us 
consider briefly the work that has been done on optimal land-use 
design models at IIASA. 

OPTIMAL LAND-USE DESIGN MODELS 

In research to date, progress in the development of optimal 
land-use design models has been evaluated. In particular, the 
ways that design problems have been cast previously as mathe- 
matical programming models have been studied (see Figure 4). 
This involves looking at how the instrument variables in such 
models are designated, what kinds of constraints are allowed 
for, and how the objective function is formulated. 

As an example, Dickey and Najafi* have described an appli- 
cation of their TOPAZ design model to the New Valley Planning 
~istrict of Virginia in the USA, an area of approximately 120,000 
hectares. Thls region was subdivided into 40 zones. The 200 
instrument variables in the TOPAZ model are the assignments of 
aggregate new development (over the next 20 years) in five dif- 
ferent categories of land use (including residential, commercial, 
industrial, public, and park land uses) among each of the 40 
zones. The objective function of the TOPAZ model to be minimized 
is the sum of the establishment costs (including land purchase 
and preparation, facility provision, and building construction) 
for each land use allocated to each site, and the capitalized 
value of the anticipated resulting transportation flows among 
zones. In the model, there are constraints which assert that, 
for each of the 40 zones, the amount of land allocated to each 
use does not exceed the amount of developable land in that zone. 
In addition, there are five other constraints. Each asserts 
that, for a given land-use type, there is a minimum total amount 
of land which must be allocated among the 40 zones. Although 
this is only one specific case, the TOPAZ model has several 
features in common with virtually all other design models: a 
gross-scale representation of the region as a finite set of 
homogeneous zones, an orientation toward development cost mini- 
mization, a fixed-planning horizon for new development, and 

* 
J.W. Dickey and F.T. Najafi, Regional Land Use Schemes 

Generated by TOPAZ, Regional Studies, 2 (1 973) , 373-386. 



Figure 4. Research approach to optimal land-use patterns. 

constraints ensuring that no zone's capacity for development is 
exceeded and no land use's aggregate demand for space goes unmet. 

MATHEMATICAL PROGRAMMING APPROACH: 
A TYPICAL LAND-USE DESIGN HODEL 

Minimize: 

Z = f(~ll,~l? ,.", Xln.X2 I , . . . ,  X ) mn 

subject to: 

m 
1 x.. < S. j = 1.2 .  .... n 
i=l 1 3  - 3 

n 

1 xij 2 Di i - 1 , ~ .  ..., m 
j=I 

gi(x11,xl2.. . . ,xin,x21,. . . ,xm) 2 ci i = 1 , 2 , .  . . ,k 
x.. 2 0; 

1 3  

vhere: 

n = zones. 

m = land uses. 

k = design standard constraints, 

Z = discounted stream of development costs, 

S. = supply of developable land in zone j. 
J 

D. = aggregate land requirement of use i, 

xij = real assignment of land use i to zone j .  

- 

In the brief research to date, several major nethodological 
issues have been raised concerning the theoretical foundations 
of such models and the transition from a theoretical to an ap- 
plied planning tool. These issues should form the basis of a 
next stage of research. They include the following questions. 
To what extent can the objective function of such models be 
expanded to include criteria other than cost minimization? To 
what degree can uncertainty about future social conditions be 
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incorporated to yield a more "robust" or resilient optimum? 
Can the concept of a fixed planning horizon be replaced by a 
more dynamic and open-ended design model? Finally, how can 
the interdependencies among land uses, as for example, those 
created by air pollution, be incorporated in these models? 
A main concrusion of the research at IIASA at this stage is 
that we are a substantial way off from realistic empirical 
applications of these models. However, research on the above 
questions can move us considerably closer to that goal. 

CONCLUSIONS 

The emphasis in this research is on the processes that 
affect the development of human settlements at the regional 
level, the extent to which such processes are controllable, and 
the extent to which an optimal spatial pattern of development 
can be delineated. Our approach is to use mathematical models 
to look at these issues. Thus, commitment to a theoretical 
framework, with a concurrent emphasis on the ultimate empirical 
applicability of the research, is in keeping with IIASA's 
potential role in integrated regional development. 



I n t e r r e g i o n a l  V a r i a t i o n s  i n  P u b l i c  - 
Goods and S e r v i c e s  

W.A. Welsh 

T h i s  r e s e a r c h  on i n t e r r e g i o n a l  v a r i a t i o n s  i n  p u b l i c  goods 
and s e r v i c e s  i s  r e l a t e d  t o  b o t h  o f  t h e  programs t h a t  c o n s t i t u t e  
t h e  Human S e t t l e m e n t s  and S e r v i c e s  a r e a  a t  IIASA: t h e  Urban and 
Regiona l  Systems p r o j e c t ,  and t h e  Biomedical  p r o j e c t .  However, 
t h e  s t a t u s  o f  my s t udy  d i f f e r s  somewhat from t h a t  o f  t h e s e  
programs.  I am a  g u e s t  s c h o l a r  a t  IIASA, suppo r t ed  l a r g e l y  by 
o u t s i d e  funding- - in  t h i s  c a s e ,  from t h e  Ford Founda t ion ,  w i t h  
supp l emen ta l  s u p p o r t  from t h e  L i l l y  Endowment and from IIASA. 

My s t a t u s  h e r e  i l l u s t r a t e s  t h e  impor tance  o f  what I b e l i e v e  
i s  one o f  I IASAts p o t e n t i a l l y  most s i g n i f i c a n t  f u n c t i o n s - - i t s  
" o u t r e a c h "  f u n c t i o n .  My work i n v o l v e s  c l o s e  c o l l a b o r a t i o n  w i t h  
s c h o l a r s  i n  b o t h  E a s t e r n  and Western Europe.  I IASA's  un ique  
c a p a b i l i t y  t o  f a c i l i t a t e  c o l l a b o r a t i v e  East-West r e s e a r c h  is  o f  
c r i t i c a l  impor tance  t o  t h e  s u c c e s s  o f  t h i s  work. I b e l i e v e  t h a t  
I IASAts c e n t r a l  r o l e  i n  East-West r e s e a r c h  c a n  be  f u r t h e r  enhanced 
by i t s  a b i l i t y  t o  p rov ide  a n  i n s t i t u t i o n a l  home f o r  such  r e s e a r c h  
t h a t  a l r e a d y  r e c e i v e s  o u t s i d e  funding .  

FOCUS OF THE STUDY 

The b a s i c  q u e s t i o n  d e a l t  w i t h  i n  t h i s  r e s e a r c h  is:  what are  
t h e  s o u r c e s  o f  v a r i a t i o n s  among l o c a l i t i e s  i n  t h e  l e v e l s  and 
q u a l i t y  o f  p u b l i c  goods and s e r v i c e s  made a v a i l a b l e  t o  c i t i z e n s ?  
The s t u d y  f o c u s e s  on s e r v i c e  a r e a s  a s ,  f o r  example, t h e  p r o v i s i o n  
of  h e a l t h  c a r e ,  e d u c a t i o n a l  s e r v i c e s ,  b a s i c  communal s e r v i c e s  
such  a s  s a n i t a t i o n  and e l e c t r i f i c a t i o n ,  and p u b l i c  hous ing .  W e  
know t h a t  man l i v e s  i n  d i f f e r i n g  d e g r e e s  o f  p h y s i c a l  and psycho- 
l o g i c a l  comfor t .  Some o f  t h e  d i f f e r e n c e s  i n  l i v i n g  c o n d i t i o n s  
can be t r a c e d  t o  i n e q u a l i t i e s  i n  a c c e s s  t o  economic and o t h e r  
r e s o u r c e s .  Some of  t h e s e  d i f f e r e n c e s  a r e  due t o  t h e  weigh t  o f  
t r a d i t i o n  o r  t o  t h e  c a p r i c i o u s  impact  o f  h i s t o r i c a l  c i r cums t ances .  
I t  i s  a l s o  r e a s o n a b l e  t o  assume t h a t  some of  t h e  v a r i a t i o n s  i n  
t h e s e  c o n d i t i o n s  can  be  accounted  f o r  by d i f f e r e n c e s  i n  r e c e n t  
and c u r r e n t  government p o l i c i e s .  F u r t h e r ,  it i s  wide ly  supposed 
t h a t  e f f e c t i v e  government a c t i o n  can  i n c r e a s e  t h e  e x t e n t  t o  which 
human communit ies  can  de t e rmine  t h e i r  own c o n d i t i o n s .  

T h i s  r e s e a r c h  i s  be ing  conduc ted  by t h r e e  American s o c i a l  
s c i e n t i s t s ,  w i t h  t h e  a c t i v e  c o l l a b o r a t i o n  of  s c h o l a r s  i n  t b e  
f i r s t  f o u r  c o u n t r i e s  be ing  s t u d i e d :  B u l g a r i a ,  Hungary, Po land ,  



and Yugos lav ia .  The c h o i c e  o f  t h e s e  c o u n t r i e s  f o r  t h e  i n i t i a l  
segments  o f  t h e  r e s e a r c h  f o l l o w s  t h e  i n t e r e s t s  o f  t h e  Ford  
F o u n d a t i o n ;  f u n d i n g  i s  t h r o u g h  t h e i r  program o f  E a s t  European 
s t u d i e s .  W e  hope and e x p e c t  i n  t h e  n e x t  two y e a r s  t o  e x t e n d  
t h i s  r e s e a r c h  t o  a  s i m i l a r  number o f  Western European c o u n t r i e s ,  
and we a r e  a l r e a d y  c o n s u l t i n g  w i t h  s c h o l a r s  i n  Western Europe ,  
e s p e c i a l l y  i n  t h e  F e d e r a l  R e p u b l i c  o f  Germany. 

Almost a l l  p r e v i o u s  c r o s s - n a t i o n a l  c o m p a r a t i v e  s t u d i e s  o f  
p u b l i c  goods  and s e r v i c e s  have f o c u s e d  a t  t h e  n a t i o n a l  l e v e l ;  
t h a t  i s ,  t h e y  have  compared s u c h  t h i n g s  a s  p u b l i c  consumpt ion  
e x p e n d i t u r e s ,  s o c i a l  p rograms ,  and measures  o f  p o p u l a t i o n  w e l l -  
b e i n g  f o r  n a t i o n - s t a t e s  a s  a  whole ,  i g n o r i n g  i n t e r r e g i o n a l  
v a r i a t i o n s  w i t h i n  t h o s e  n a t i o n s .  ( T h i s  s t r a t e g y  i s  r e p r e s e n t e d  
by box R i n  F i g u r e  1 . )  R e s e a r c h  o n  w i t h i n - n a t i o n  v a r i a t i o n s  h a s  
a l m o s t  a lways  d e a l t  w i t h  a  s i n g l e  c o u n t r y  (box B i n  F i g u r e  1 ) .  
W e  b e l i e v e  t h a t  t h e s e  p a s t  r e s e a r c h  emphases a r e  u n f o r t u n a t e ;  
a  b a s i c  p r e m i s e  u n d e r l y i n g  o u r  r e s e a r c h  i s  t h a t  v a r i a t i o n s  i n  
l e v e l s  o f  p u b l i c  goods and s e r v i c e s  p r o v i d e d  t o  c i t i z e n s  f r e -  
q u e n t l y  a r e  g r e a t e r  w i t h i n  s o c i e t i e s  t h a n  between s o c i e t i e s - -  
e s p e c i a l l y  f o r  s o c i e t i e s  t h a t  . a re  a t  r o u g h l y  s i m i l a r  l e v e l s  o f  
economic deve lopment .  C o n s e q u e n t l y ,  o u r  r e s e a r c h  s t r a t e g y  i s  
t o  examine b o t h  w i t h i n - n a t i o n  v a r i a t i o n s  and be tween-na t ion  
v a r i a t i o n s  (box C i n  F i g u r e  1 )  by l o o k i n g  a t  a  p o o l e d  sample  o f  
s u b n a t i o n a l  a d m i n i s t r a t i v e  u n i t s  from s e v e r a l  c o u n t r i e s .  

L - 
A 

COUNTRY X COUNTRY Y  COUNTRY Z 

I I I 

A :  U s u a l  d e s i g n  f o r  cross-national c o m p a r a t i v e  s t u d l e s  

8 :  U s u a l  d e s i g n  f o r  s t u d y  o f  within-nation v a r i a t i o n s  

C :  D e s i g n  f o r  cross-national c o m p a r i s o n  o f  within-nation 
v a r i a t i o n s  

Figure 1. Strategies for examining variance in comparative policy research. 



W e  a r e  n o t  s u g g e s t i n g  t h a t  t h e r e  a r e  no i n t e r - s o c i e t a l  
d i f f e r e n c e s  o r  t h a t  t h e y  s h o u l d  n o t  be  s t u d i e d ;  o u r  r e s e a r c h  w i l l  
examine s u c h  d i f f e r e n c e s ,  a s  w e l l .  But we b e l i e v e  s t r o n g l y  t h a t  
more a t t e n t i o n  s h o u l d  be  g i v e n  t o  i n t e r r e g i o n a l  v a r i a t i o n s  w i t h i n  
c o u n t r i e s ,  s t u d i e d  i n  a  c r o s s - n a t i o n a l  c o m p a r a t i v e  c o n t e x t .  

RESEARCH ORIENTATION AND BASIC HYPOTHESES 

Because t h i s  s t u d y  began o n l y  i n  J a n u a r y  o f  t h i s  y e a r ,  it 
i s  s t i l l  e a r l y  i n  t h e  d a t a - g a t h e r i n g  p r o c e s s ;  t h u s  t h i s  r e p o r t  
w i l l  d e a l  p r i m a r i l y  w i t h  t h e  o r i e n t a t i o n  and d e s i g n  o f  t h e  
r e s e a r c h ,  r a t h e r  t h a n  w i t h  any  d e f i n i t i v e  f i n d i n g s .  N e v e r t h e l e s s ,  
we have  done some p r e l i m i n a r y  d a t a  a n a l y s i s ,  which I s h a l l  ment ion  
f o r  i l l u s t r a t i v e  p u r p o s e s .  

G e n e r a l l y  s p e a k i n g ,  we a r e  i n t e r e s t e d  i n  f i v e  s e t s  o f  v a r i -  
a b l e s .  These s e t s  o f  v a r i a b l e s  and t h e i r  b a s i c  i n t e r r e l a t i o n s  
a r e  shown i n  F i g u r e  2 .  The v a r i a b l e s  a r e :  

- Economic  c h a r a c t e r i s t i c s  o f  s u b n a t i o n a l  u n i t s  o f  
government ;  

- Demographic  p r o c e s s e s  c h a r a c t e r i z i n g  and a f f e c t i n g  
t h e s e  u n i t s ;  

- The e x p e n d i t u r e  o f  f unds  ( b o t h  c u r r e n t  o p e r a t i n g  
f u n d s  and c a p i t a l  i n v e s t m e n t s )  made by  t h e s e  u n i t s  
f o r  b a s i c  p u b l i c  goods and s e r v i c e s ;  

- I n d i c a t o r s  o f  t h e  i n t e r m e d i a t e  o u t p u t s  o f  government  
( i . e . ,  measures  o f  p u b l i c  goods  and s e r v i c e s  a c t u a l l y  
p r o v i d e d )  ; 

- Measures  o f  t h e  i m p a c t s  of  t h e s e  p o l i c y  a c t i v i t i e s  
( i . e . ,  measures  o f  p o p u l a t i o n  w e l l - b e i n g  i n  a r e a s  
of r e l e v a n c e  t o  government s e r v i c e  p r o g r a m s ) .  

F o r  example ,  i n  l o o k i n g  a t  t h e  a r e a  o f  p u b l i c  h e a l t h ,  we 
a r e  i n t e r e s t e d  i n  n o t  o n l y  t h e  r e s o u r c e s  a v a i l a b l e  t o  l o c a l  
d e c i s i o n  makers ,  t h e  demographic  s t r u c t u r e  of t h e  p o p u l a t i o n ,  
t h e  e x p e n d i t u r e s  made f o r  h e a l t h  c a r e  s e r v i c e s ,  and  t h e  n a t u r e  
o f  a v a i l a b l e  medica l  f a c i l i t i e s ,  b u t  a l s o  t h e  measures  o f  popu la -  
t i o n  c o n d i t i o n s  such  a s  t h e  i n c i d e n c e  o f  v a r i o u s  k i n d s  o f  d i s e a s e ,  
t h e  i n f a n t  m o r t a l i t y  r a t e ,  and t h e  number o f  workdays l o s t  a s  a 
r e s u l t  o f  i l l n e s s .  

The d a t a  a r e  b e i n g  a n a l y z e d  i n i t i a l l y  t h r o u g h  t h e  u s c  o f  
m u l t i p l e  r e g r e s s i o n  t e c h n i q u e s .  F i r s t ,  economic and demoqraphic  
v a r i a b l e s  a r e  u s e d  t o  p r e d i c t  v a r i a t i o n s  i n  e x p e n d i t u r e  1 c v c . l ~ .  
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Figure 2. Model for studying the policy process. 

Expenditure levels, in turn, are examined as predictors of the 
intermediate outputs of government (e.g., in hospital beds, 
health or child-care facilities). Finally, each of these sets 
of variables is related to measures of population well-being 
that constitute the variables we ultimately wish to explain. 

As a picture of social causation, such a model represents 
a significant oversimplication. In point of fact, it reflects 
conventional assumptions as much as our own predispositions and 
expectations. Our analysis will move in the direction of testing 
a more complex model, the outline of which is suggested by 
Figure 3. In this model, we acknowledge that there are other 
social and political factors that may affect the provision of 
basic public goods and services. Similarly, we recognize the 
complexity of the planning and expenditure processes themselves. 

While considering data analysis, I should mention briefly 
that we will go beyond the use of regression models. For reasons 
that mathematical systems analysts have recognized for a long 
time--but that most social scientists are only now beginning to 
acknowledge--regression techniques have real limitations as bases 
for identifying patterns of causation. In particular: a) regres- 
sion assumes that the form of causation is proportiona2 trans- 
formation, which is only one of numerous forms that social rela- 
tionships can exhibit; and b) regression is based inherently on 
measures of covariance and thus cannot describe relationships 
where constancy in one measure leads to variation in another. 
Mathematical process models can overcome both of these short- 
comings of regression techniques. 



ECONOMIC "VITALITY" 

RESOURCE 
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Figure 3. Some possible categories and relationships for the comparative study 
o f  public policy. 

There  a r e  t h r e e  b a s i c  h y p o t h e s e s  t h a t  g u i d e  o u r  r e s e a r c h .  

1 .  I n t e r r e g i o n a l  d i s p a r i t i e s  i n  s o c i a l  s e r v i c e s  o f t e n  
t e n d  t o  r e m a i n ,  and i n  some c a s e s  t o  grow, e v e n  i n  
modern  s o c i e t i e s  where  t h e r e  a r e  n a t i o n a l l y  u n i f o r m  
norms and s t a n d a r d s  f o r  s u c h  s e r v i c e s .  

These  s o c i a l  s e r v i c e  i n e q u a l i t i e s  p e r s i s t ,  whereas  i n  t h e  same 
s o c i e t i e s ,  i n t e r r e g i o n a l  d i f f e r e n c e s  i n  economic growth seem t o  
b e  d e c l i n i n g .  

For  example,  T a b l e s  1  and 2 d e p i c t  t h e  s i t u a t i o n  i n  one  o f  
t h e  c o u n t r i e s  b e i n g  s t u d i e d .  T a b l e  1  shows ( f o r  1969) t h e  e x t e n t  
o f  v a r i a t i o n  among s u b n a t i o n a l  u n i t s  i n  f o u r  measures  r e l a t e d  t o  
~ u b l i c  h e a l t h :  h o s p i t a l  b e d s  p e r  10,000 p o p u l a t i o n ,  c h i l d - c a r e  
f a c i l i t i e s  i n  towns and i n  r u r a l  s e t t l e m e n t s  ( b o t h  a d j u s t e d  f o r  
p o p u l a t i o n  s i z e  o f  t h e  a d m i n i s t r a t i v e  u n i t ) ,  and r u r a l  s a n i t a t i o n  
(i. e . ,  c e n t r a l  w a t e r  s u p p l y  s y s t e m s  o n l y )  . F o r  a  r e l a t i v e l y  
s m a l l ,  r e l a t i v e l y  homogeneous c o u n t r y ,  t h e  d i f f e r e n c e s  seem 
d r a m a t i c .  

T a b l e  2 shows t h e  change ,  s i n c e  t h e  e a r l y  1960s,  i n  t h e  
e x t e n t  o f  v a r i a t i o n  i n  measures  o f  p u b l i c  e x p e n d i t u r e s  and ser- 
v i c e s ,  and i n  measures  of  economic growth and v i t a l i t y .  As a  
measure  o f  v a r i a t i o n ,  we used  t h e  s t a n d a r d  d e v i a t i o n ;  o t h e r  
measures  o f  d i s p e r s i o n  showed t h e  same p a t t e r n .  W e  found t h a t  
t h e  s t a n d a r d  d e v i a t i o n s  f o r  e x p e n d i t u r e s  and s e r v i c e  a c t i v i t i e s  
t e n d e d  upward, even though  t h e  s t a n d a r d  d e v i a t i o n s  f o r  economic 
measures  remained e s s e n t i a l l y  s t e a d y ,  o r  i n c r e a s e d  o n l y  m o d e s t l y .  



T a b l e  1. V a r i a t i o n  among  s u b n a t i o n a l  u n i t s  i n  
h e a l t h - r e l a t e d  m e a s u r e s ,  1 9 6 9 . *  

The r a n g e  o f  v a l u e s  i s  shown by t h e  c i r c l e d  numbers 
t h a t  i n d i c a t e  t h e  h i g h e s t  and lowes t  v a l u e s  i n  e a c h  o f  
t h e  columns. 

H o s p i t a l  
Beds p e r  

10,000 Pop. 

Understanding the sources of these continued variations among 
localities within a given country seems critical to subsequent 
efforts to eliminate such differences. A fundamental tenet of 
essentially every contemporary society is that each citizen is 
entitled to uniform levels of public goods and services regard- 
less of where he lives. The elimination of interregional in- 
equalities in the provision of basic public goods and services 
to citizens must be considered one of society's most fundamental 
social challenges. 
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Table 2. Changes in standard deviations for economic measures and measures 
of expenditures and services, 1962-1972. 

Change in 
Economic Measures Standard Deviation 

(in percentage) 

Profitability of enterprises 0 
Industrial wage level + 25 
Income generated in retail 

trade + 50 
Trade turnover + 50 

Expenditure Measures 

Investment in housing + 1,200 
Investment in communal 

economy + 900 
Investment in education + 570 
Investment in health + 420 

Service Measures 

Housing construction + 180 
Hospital beds + 40 

2 .  V a r i a t i o n s  i n  t h e  l e v e l s  o f  p u b l i c  goods and s e r v i c e s  
p r o v i d e d  t o  c i t i z e n s  f r e q u e n t l y  do n o t  c o r r e s p o n d  t o  
t h o s e  e n v i r o n m e n t a l  f a c t o r s  t h a t  c o n v e n t i o n a l  wisdom 
t e n d s  t o  a s s o c i a t e  w i t h  l o c a t i o n a t  i n e q u a l i t i e s  i n  
p o p u l a t i o n  w e l l - b e i n g .  

I n  p a r t i c u l a r ,  t h e  u s u a l  assumpt ion  t h a t  economic development  
and demographic  f a c t o r s  e x p l a i n  a  g r e a t  d e a l  o f  t h e  v a r i a n c e  i n  
government  a c t i o n  on b e h a l f  o f  c i t i z e n s  i s ,  i n  o u r  o p i n i o n ,  
d u b i o u s  and d e s e r v e s  c r i t i c a l  a t t e n t i o n .  I n  t h e  r e s e a r c h  t o  
d a t e ,  we have  found t h a t  economic and demographic  v a r i a b l e s  
e x p l a i n  s u b s t a n t i a l l y  l e s s  t h a n  one  h a l f  o f  t h e  v a r i a n c e  i n  
many measures  o f  government s e r v i c e s ,  and  less t h a n  one h a l f  
o f  t h e  v a r i a n c e  i n  many i n d i c a t o r s  o f  p o p u l a t i o n  w e l l - b e i n g .  

More s p e c i f i c a l l y ,  w e  b e l i e v e  t h a t  s o c i a l  and economic 
measures  a r e ,  t o  some e x t e n t ,  r e l a t e d  t o  government  e x p e n d i t u r e s  
and  s e r v i c e s  o n l y  f o r  t h o s e  p o l i c y  a r e a s  where p h y s i c a l  c o n s t r u c -  
t i o n  a c t i v i t y  consumes a  l a r g e  p r o p o r t i o n  o f  t o t a l  i n v e s t m e n t .  
T h i s  i s  b e c a u s e  a c c e s s  t o  b a s i c  f i n a n c i a l  r e s o u r c e s  c a n  be t r a n s -  
l a t e d  w i t h  r e l a t i v e  e f f e c t i v e n e s s  i n t o  p h y s i c a l  p l a n t  c o n s t r u c -  
t i o n .  But f o r  t h o s e  p o l i c y  a r e a s  where  a  h i g h e r  p r o p o r t i o n  o f  
t o t a l  i n v e s t m e n t  g o e s  t o  s a l a r i e s ,  s e r v i c e  p rograms ,  and t h e  
t r a i n i n g  o f  s k i l l e d  p e r s o n n e l - - i n  a r e a s  where human r e s o u r c e s  
a r e  more c r i t i c a l - - s o c i a l  and economic measures  a r e  r e l a t e d  o n l y  
i n  a  more l i m i t e d  way t o  l e v e l s  of  government e x p e n d i t u r e s  and 
s e r v i c e s .  



Table 3 illustrates this point. It summarizes the results 
of a time-series regression analysis of data for one of our 
subject countries over an 11-year period (1962-1972). A regres- 
sion model including eight measures of economic and social con- 
text was used to predict levels of investment in certain basic 
goods and services. The R~'s--indicating the amount of variance 
explained--are not particularly high in any case; they are 
especially low for investments in health and education, where 
a much higher proportion of total investment in this country 
goes to human resources development. 

Clearly, in addition to economic and demographic factors, 
there are other factors that operate to create these interregional 
differences. Identifying these factors is the principal purpose 
of this research. 

3 .  One o f  t h e  s o u r c e s  o f  t h e s e  i n t e r r e g i o n a l  v a r i a t i o n s  
i n  p u b l i c  goods  and s e r v i c e s  i s  t h e  d i f f e r e n c e  i n  
b a s i c  b u d g e t a r y  and f i s c a l  r e l a t i o n s  b e t w e e n  t h e  
c e n t r a l  governmen t  and t h e  s u b n a t i o n a l  u n i t s  o f  t h e  
g o v e r n m e n t .  

Table 3. Relevance of measures of social and economic context* 
to subnational expenditures, 1962-1972. 

R~ (Amount 
Dependent Variable of Variance Explained) 

Capital investment, housing .59 

Operating funds, housing .50 

Capital investment, 
communal economy .58 

Operating funds, 
communal economy .49 

Capital investment, education .29 

Operating funds, education .18 

Capital investment, health .31 

Operating funds, health .32 

Predictor variables used: population density; industrial wage level; 
industrial workers as % of work force; workers in government administration 
as % of work force; number of "specialists" (specialized training in higher 
technical schools) per capita; index of industrial production; % of popula- 
tion living in towns and cities, "urbanization"; trade turnover per capita. 

We do n o t  believe, as has been commonly assumed, that most of 
the variance in such relationships can be attributed to decisions 
made at the center. Rather, we believe that budgetary relations 



among l e v e l s  o f  government--even i n  r e l a t i v e l y  c e n t r a l i z e d  
s o c i e t i e s - - h a v e  deve loped  i n  a  much more complex way t h a n  h a s  
been commonly assumed, and a  good d e a l  o f  t h i s  c o m p l e x i t y  can  
b e  t r a c e d  t o  i n s t i t u t i o n a l i z e d  b u d g e t a r y  s t r a t e g i e s  b e i n g  pursued  
by s u b n a t i o n a l  government u n i t s .  

To u n d e r s t a n d  s u c h  phenomena, we a r e  d e v e l o p i n g  m a t h e m a t i c a l  
models o f  b u d g e t a r y  p r o c e s s e s  a t  s u b n a t i o n a l  l e v e l s ,  and i n c o r -  
p o r a t i n g  e l e m e n t s  o f  c e n t r a l - s u b n a t i o n a l  r e l a t i o n s  i n t o  t h e s e  
models .  T a b l e  4 summarizes t h e  c o n c e p t u a l  n o t i o n s  o f  f o u r  o f  
t h e  models  b e i n g  deve loped .  These models  s u g g e s t  a  g r e a t  v a r i a -  
t i o n  i n  t h e  e x t e n t  t o  which l o c a l  f a c t o r s  d e t e r m i n e  t h e  n a t u r e  
o f  programs o f  b a s i c  p u b l i c  goods and s e r v i c e s  p r o v i d e d  t o  
c i t i z e n s  by s u b n a t i o n a l  u n i t s .  These v a r i a t i o n s  i n  b a s i c  budge t -  
a r y  s t r a t e g i e s  may b e  o f  g r e a t  i m p o r t a n c e  i n  e x p l a i n i n g  i n t e r -  
r e g i o n a l  i n e q u a l i t i e s  i n  c i t i z e n  a c c e s s  t o  b a s i c  p u b l i c  s e r v i c e s .  

F i n a l l y ,  a n  i m p o r t a n t  a s p e c t  o f  o u r  work i s  t h e  c a t a l o g i n g  
o f  m e t h o d o l o g i c a l  problems i n v o l v e d  i n  c o m p a r a t i v e  s t u d i e s  o f  
p u b l i c  p o l i c y .  Much work h a s  been done  i n  t h i s  a r e a  and a  d r a f t  
o f  a  book- leng th  monograph d e s c r i b i n g  some o f  t h e s e  problems 
h a s  been comple ted .  U l t i m a t e l y ,  we hope t o  recommend a p p r o a c h e s  
and t e c h n i q u e s  t h a t  r e s e a r c h e r s  c a n  u s e  t o  compare p u b l i c  p o l i c y  
a c t i v i t i e s  a c r o s s  s o c i e t i e s  w i t h  d i f f e r e n t  fo rms  of  s o c i a l ,  
economic and p o l i t i c a l  o r g a n i z a t i o n s .  

Table 4. Conceptualization of four inductive budgetary/expenditure models. 

The "Compensatory" Model 

Equilibrium-seeking 
Negative correlations between first-order differences in central expen- 
ditures and first-order differences in subnational expenditures 
Subnational units use marginal funds to compensate for fluctuations in 
central government expenditures and subsidies 

The "Planometric" Model 

Norm-seeking 
Both central and subnational expenditures show consistently positive 
correlations with plan norms 

The "Monitoring" Model 

Per formance-seeking 
Changes in public expenditure levels in subnational units are best pre- 
dicted from measures of policy performance 
Expenditure levels are determined primarily by perceptions of the 
adequacy or inadequacy of current levels of services 

The "Initiative" Model 

Flexibility-seeking 
Little relationship between central expenditure changes and subnational 
expenditure changes; or, between subnational expenditures and national 
plans; or, between subnational expenditures and national performance 
indicators 
Expenditure levels respond substantially to locally-defined needs 





T r a n s p o r t a t i o n ,  Automation and Urban Development 

Th i s  paper  p r e s e n t s  a  b r i e f  overview of t h e  o b j e c t i v e s ,  
a c t i v i t i e s ,  r e s u l t s  and f u t u r e  p l a n s  of t h e  t r a n s p o r t a t i o n -  
o r i e n t e d  r e s e a r c h  developed wi th  modest in-house r e s o u r c e s  a t  
IIASA ove r  t h e  l a s t  two y e a r s  [ 1 , 2 ] .  

Almost a l l  c o u n t r i e s  of  IIASA's Na t iona l  Member Organ iza t ions  
a r e  f aced  w i t h  s e r i o u s ,  s u , f f i c i e n t l y  well-known urban t r a f f i c  
problems [3,4,5] : 

- A l a r g e  number of f a t a l i t i e s  from t r a f f i c  acc idents - -  
i n  1970, f o r  example, about  56,000 i n  t h e  USA, 19,000 
i n  t h e  FRG, and 2,000 i n  t h e  GDR; 

- Congest ion caus ing  n o t  on ly  l o s s  of  t ime b u t  a l s o  
i n c r e a s e d  l e v e l s  of  f u e l  consumption and a i r  po l lu t i on - -  
f o r  example, t h e s e  l o s s e s ,  measured i n  economic te rms  
f o r  Tokyo's 268 main i n t e r s e c t i o n s ,  amount t o  about  
$200 m i l l i o n  annua l ly ;  

- Endangered urban environment:  t h e  severance  of  t h e  
c i t y  r e s u l t i n g  from more and b igge r  s t r e e t s ,  v i b r a t i o n  
of  b u i l d i n g s ,  t r a f f i c  n o i s e  and a i r  p o l l u t i o n - - f o r  
example, i n  US c i t i e s ,  au tomobi les  cause  about  50 p e r c e n t  
of a l l  man-made a i r  p o l l u t i o n ;  

- Cor rup t ion  of  r e s o u r c e s ,  i . e . ,  energy and land--for  
example, i n  t h e  USA, about  26 p e r c e n t  o f  a l l  petroleum 
consumed i s  used f o r  motor c a r s ,  and 28 pe rcen t  of c i t y  
a r e a s  i s  r e se rved  f o r  pa rk ing  and d r i v i n g  (which is  
s t i l l  i n s u f f i c i e n t  i n  many c a s e s ) .  

I n  t h e  USSR and i n  E a s t  European c o u n t r i e s ,  such s e r i o u s  
s i t u a t i o n s  do n o t  e x i s t  a t  p r e s e n t .  However, t h e  r a p i d l y  
i n c r e a s i n g  number of motor c a r s  i n  t h e s e  c o u n t r i e s  may cause-- 
w i th  a  c e r t a i n  de l ay - - s imi l a r  d i f f i c u l t i e s  i f  f u t u r e  developments 
t h e r e  a r e  n o t  ana lyzed  and c o n t r o l l e d  c a r e f u l l y .  The re fo re ,  a  
systems a n a l y s i s  approach i s  needed t o  a s s i s t  d e c i s i o n  makers 
i n  urban and n a t i o n a l  governments i n  c r e a t i n g  t r a n s p o r t a t i o n  and 
urban development p o l i c i e s  t h a t  t a k e  i n t o  account  t h e  complex 
i n t e r r e l a t i o n s h i p  ( s e e  F igu re  1  and [ 6 ] )  between t h e  c o n t r o l  o f :  

- Transpor t a t i on  demand, by changing i t s  s p a t i a l  d i s t r i b u -  
t i o n ,  d e c r e a s i n g  i t s  volume and changing i t s  time- 
d i s t r i b u t i o n ;  and 



- T r a n s p o r t a t i o n  s u p p l y ,  by changing  t h e  s y s t e m ' s  s t r u c t u r e ,  
i n c r e a s i n g  i t s  p h y s i c a l  c a p a c i t y ,  and improving t h e  
o p e r a t i o n  o f  e x i s t i n g  t r a n s p o r t a t i o n  sys tems .  

OXFROL OF SUPPLY CCNTFQL OF DEMAND I 

mm 

t 
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Figure 1. Long- and short -term transportation supply and demand policies (cf. [6 ]  ). 
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T h i s  p a p e r  restricts i t s e l f  t o  t h e  r o l e  t h a t  new t e c h n o l o g i e s  
and  modern management t e c h n i q u e s  p l a y  i n  s u c h  a  sys tems  a n a l y s i s  
approach .  I n  t h e  p a s t ,  new t e c h n o l o g i e s  such  a s  t h e  s team e n g i n e  
c r e a t e d  b r e a k t h r o u g h s  t o  e n t i r e l y  new modes o f  t r a n s p o r t a t i o n ,  
r e s u l t i n g  i n  well-known changes  i n  t h e  s t r u c t u r e  of  c i t i e s  and 
t h e  q u a l i t y  o f  u rban  l i v i n g .  

CHAN(;E THE SPATIAL 
DISTRIBUTION OF DENAND 

DECREASE THE VOLUME 
OF DEMAND 
(e.g., controlling 
autambile  ownership 
ard use) 

CHANGE T H E  TIME 
DISTRIBUTION OF DEMAND 

I t  seems r e a s o n a b l e  t o  a s k  whe ther  t h e  fundamental  new 
t e c h n o l o g y  of  o u r  age--modern a u t o m a t i o n  and computer t echn iques - -  
c o u l d  c o n t r i b u t e  t o  a  new b r e a k t h r o u g h  i n  u rban  t r a n s p o r t a t i o n .  
P a s t  deve lopments  o f  t r a n s p o r t a t i o n  sys tems  have  been  a c h i e v e d  
by b r u t e  force--more and l a r g e r  t r a f f i c  a r e a s  u s i n g  more c o n c r e t e ,  
s t r o n g e r  e n g i n e s ,  more and more v e h i c l e s - - a t  h i g h e r  c o s t  (see 
F i g u r e  2 and [7]). The d i g i t a l  computer  and t h e  r e l a t e d  automa- 
t i o n  t e c h n o l o g y  p r o v i d e ,  f o r  t h e  f i r s t  t i m e ,  a  p r o m i s i n g  a l t e r -  
n a t i v e .  The e x t e n s i v e  u s e  of a u t o m a t i o n  i n  u rban  t r a n s p o r t a t i o n  
c o u l d  l e a d  t o  an  e n t i r e l y  new and improved l e v e l  o f  t r a n s p o r t a -  
t i o n  s e r v i c e s ,  t o  an i n c r e a s e  i n  c a p a c i t y  and a  d e c r e a s e  i n  
o p e r a t i n g  c o s t s ,  and t o  new s a f e t y  s t a n d a r d s .  

T h i s  new sys tems  t e c h n o l o g y  c o u l d  g i v e  an  impulse  t o  b e t t e r  
u rban  t r a n s p o r t a t i o n  s i m i l a r  t o  t h a t  g i v e n  by t h e  m a g n e t i c  compass 
t o  t h e  e x t e n s i o n  of  s e a  t r a n s p o r t  from t h e  l o c a l  t o  t h e  g l o b a l  
a r e n a ,  and by t h e  t e l e g r a p h  and t e l e p h o n e  t o  t h e  development  o f  
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Figure 2. New technologies that have or probably will create breakthroughs 
to new modes of transportation resulting in essential changes in 
urban structure and the quality of urban living (cf. [7 ]  ). 



nationwide railway dispatching systems. Therefore, the following 
two questions have been chosen as the subject of our research: 

- What benefits can a city expect by implementing 
computerized control systems for existing modes of 
urban transportation? 

- During the next ten years or so, will it be possible 
to create entirely new and highly automated urban 
transportation systems characterized by demand-oriented, 
safe, pollution-free and resource-conserving operation? 

The first question concerns the extensive use of computers 
for urban street and freeway traffic control--for example, 
optimal route guidance systems for freeway corridors and large 
urban street networks; traffic flow control by traffic light 
coordination, ramp metering, and merging control; distance 
control in a string of moving vehicles so as to increase lane 
capacity and safety [1,2,3,8,9,10]. Moreover, the contribution 
of automation and computer control to an increase in the 
attractiveness of public transport and a decrease in its personnel 
and operating costs fall within this topic. 

Concerning the creation of new modes of urban transportation, 
we must distinguish between operational and total-systems innova- 
tions. An example of an operational innovation is the DIAL-A-RIDE 
system that supposedly covers a wide variety of transport needs, 
and broadly fills the gap between the conventional scheduled and 
routed bus service, and the taxi or private car [Ill. Here a 
powerful computing and communication system is needed for real- 
time routing and scheduling of the operation of a bus fleet (see 
Figure 3). The proposals for total-systems innovations concern 
mainly Automated Guideway Transit (AGT) systems characterized by 
driverless vehicles operated along fixed guideways [12,13]. The 
simplest version of the AGT systems is a Shuttle-Loop Transit (SLT) 
system that may be considered the horizontal equivalent of an auto- 
matic elevator. At the other end of the scale of the AGT systems 
is the Personal-Rapid Transit (PRT) system, characterized by a com- 
plex guideway network and small vehicles carrying one person or 
groups of up to six persons. The well-known AIRTRANS system at 
the Dallas/Fort Worth airport as well as the Morgantown system 
belong to the category of Group Rapid Transit (GRT) systems that 
use larger vehicles and headways and have less complex network 
structures than the PRT systems [13]. The efficiency of the GRT 
systems, and especially of PRT systems, is highly dependent on the 
efficiency of a multi-computer control system consisting of a net- 
work-, a guideway-, a station- and a vehicle-control level. 

There are fairly large demonstration projects of the PRT 
systems in Japan, the FRG, and France, and advocates of these 
systems believe that they will create the breakthrough to better 
urban transportation needed for solving the urban traffic prob- 
lems mentioned above 1131. The research work outlined here 
will be discussed in a volume on Computerized Urban Traffic 
Control and Guidance Systems in the IIASA State-of-the-Art Series. 
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Figure 3. DIAL-A-RIDE in the public transportation spectrum (cf. [ I l l ) .  

I n  a d d i t i o n  t o  g iv ing  a  comparative a n a l y s i s  of t h e  concepts ,  
methods, and exper iences  of t h e s e  systems i n  use  i n  Japan,  
North America, and Eas t  and West Europe, t h e  volume w i l l  c0ntai .n 
ca se  d e s c r i p t i o n s  prepared  by e x p e r t s  from advanced systems i n  
o p e r a t i o n  i n  t h e s e  c o u n t r i e s .  Moreover, f i r s t  s t e p s  i n  c r e a t i n g  
a  network f o r  e x t e r n a l  coopera t ion  between IIASA and advanced 
t r a n s p o r t a t i o n  r e sea rch  c e n t e r s  have been made a s  a  r e s u l t  of  
t h e  IIASA Planning Workshop on Transpor t a t ion  Systems Analys is  
he ld  i n  February of  t h i s  year  [ 1 4 ] .  The Workshop made s e v e r a l  
p roposa l s  f o r  f u t u r e  t r a n s p o r t a t i o n  r e s e a r c h  work. For example, 
it recommended t h a t  IIASA con t inue  i t s  work on computerized 
u r b a n - t r a f f i c  c o n t r o l  systems w i t h i n  t h e  broader  con tex t  of 
environment- and resource-conseru ing  urban/regionaZ t r a n s p o r t a -  
t i o n  systems t h a t  should  d e a l  wi th  t h e  complex i n t e r r e l a t i o n s h i p  
between urban development p o l i c i e s  i n  g e n e r a l ,  and urban t r a n s -  
p o r t a t i o n  management methods and techniques .  The o b j e c t i v e s  
should  be t o  

- I d e n t i f y  t h e  most advanced t echno log ie s  f o r  urban/ 
r e g i o n a l  t r a n s p o r t  s imu la t ion ,  planning and c o n t r o l ;  
and 

- Analyze these  t echno log ie s  by means of comparat ive c a s e  
s t u d i e s  done mainly on an e x t e r n a l  base .  



It is expected that such activities will contribute to 
IIASA's clearinghouse function for solving the earlier mentioned 
urban traffic problems in both the East and the West, thus 
representing a truly universal IIASA problem. 
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Urban Emergency S e r v i c e s  

E . H .  Blum 

I n  t h e  l a s t  twenty  y e a r s ,  l o c a l  p u b l i c  s e r v i c e s  have  grown 
r a p i d l y  i n  n e a r l y  a l l  i n d u s t r i a l  n a t i o n s .  As s o  o f t e n  happens ,  
s t a n d a r d s  and  demands f o r  s u c h  s e r v i c e s  have  k e p t  p a c e ,  a d d i n g  
p r e s s u r e  f o r  e x p a n s i o n s  and improvements w h i l e  c o s t s  o f  p r o v i d -  
i n g  even c u r r e n t  l e v e l s  have r i s e n .  C o n c u r r e n t l y ,  i n t e r e s t  h a s  
grown i n  t r e a t i n g  r e l e v a n t  f e a t u r e s  o f  key s e r v i c e s  a s  i n t e g r a t e d  
sys tems .  These p a r a l l e l  t r e n d s  have g e n e r a t e d  s t r o n g  i n t e r e s t  
i n  many c o u n t r i e s  f o r  s y s t e m s - a n a l y t i c  a p p r o a c h e s  t o  s e r v i c e  
p l a n n i n g  and management. 

IIASA h a s  chosen  t o  f o c u s  on urban  emergency s e r v i c e s - -  
e s p e c i a l l y  emergency m e d i c a l  s e r v i c e s  (EMS), f i r e  p r o t e c t i o n ,  
and e l e m e n t s  o f  p o l i c e  and d i s a s t e r  p r o t e c t i o n .  The work h a s  
begun w i t h  an  e x t e n s i v e ,  i n - d e p t h  s y n t h e s i s  and rev iew t o  be 
p u b l i s h e d  (Modern S e r v i c e  Management: P l a n n i n g ,  A n a l y s i s  and 
Management o f  Emergency S e r v i c e s )  i n  IIASA's S t a t e - o f - t h e - A r t  
S e r i e s .  These  s e r v i c e s  a r e  a  n a t u r a l  c h o i c e :  i m p o r t a n t ,  even 
c r i t i c a l  t o  many c i t i z e n s '  s u r v i v a l  and s e c u r i t y ;  amenable  t o  
r e l a t i v e l y  r a p i d  changes  t h a t  can  a l m o s t  immedia te ly  s a v e  l i v e s ;  
r emarkab ly  s i m i l a r  from c o u n t r y  t o  c o u n t r y ;  and  a  domain o f  r e c e n t  
s i g n i f i c a n t  advances  t h a t  have y e t  t o  b e  u n i f i e d ,  i n t e g r a t e d ,  o r  
even documented i n  ways t h a t  would open t h e n  t o  widespread  under -  
s t a n d i n g  and  u s e .  

Rough e s t i m a t e s  i n d i c a t e ,  f o r  example,  t h a t  improv ing  
emergency s e r v i c e s  i n  t h e 2 5  most advanced c o u n t r i e s  o f  t h e  wor ld  
c o u l d  s a v e  a s  many a s  350,000 l i v e s  p e r  y e a r  o v e r a l l  and r e d u c e  
l o s s e s  f rom i n j u r i e s  and p r o p e r t y  damage by a s  much a s  

$10" p e r  y e a r .  The g a i n s  a c h i e v e d  t h u s  f a r  f rom s y s t e m a t i c  
improvement a r e  o b v i o u s l y  more modest ,  b u t  s i g n i f i c a n t  and 
i l l u s t r a t i v e .  

F o r  example,  i n  N e w  York C i t y ,  t h e  r e s e a r c h  from which o u r  
IIASA p r o j e c t  s t e m s  d e v e l o p e d  new management methods,  deployment  
p o l i c i e s ,  and  t e c h n o l o g i e s  f o r  f i r e  p r o t e c t i o n .  These have  been 
c r e d i t e d  w i t h  e n a b l i n g  t h e  c i t y  t o  m a i n t a i n  i t s  h i g h  l e v e l  o f  
p r o t e c t i o n  i n  s p i t e  o f  f i r e  d e p a r t m e n t  budge t  r e d u c t i o n s  amount- 
i n g  c u m u l a t i v e l y  t o  n e a r l y  15 p e r c e n t ,  o r  $50 m i l l i o n  p e r  y e a r .  
S e a t t l e ,  a  c i t y  o f  h a l f  a m i l l i o n  p e o p l e ,  h a s  s y s t e m a t i c a l l y  
deve loped  a n  emergency m e d i c a l  sys tem t h a t  i n c l u d e s  e x t e n s i v e  
t r a i n i n g  o f  t h e  p u b l i c  i n  cardio-pulmonary r e s u s c i t a t i o n .  
Dur ing  t h e  p a s t  s i x  y e a r s ,  a p p r o x i m a t e l y  80,000 p e r s o n s  have been  
t r a i n e d .  C a r e f u l  e v a l u a t i o n  o v e r  t h i s  p e r i o d  shows t h a t  t h e  new 
s y s t e m  h a s  saved  o v e r  100 l i v e s  p e r  y e a r ,  o f  which 30 p e r c e n t  



are attributed to public participation. Numerous other cities 
have begun to adopt similar approaches. 

At the same time in the USSR, Moscow has increased its 
level of ambulance service threefold in less than ten years. 
This increase has been supported by numerous analyses--of call 
patterns, service requirements, dispatching priority assignment 
(telephone triage), computer-aided management control, etc. 
The fire services in Hamburg, Munich, and Frankfurt have 
installed or are installing computer-assisted dispatching systems. 
Fire and ambulance service in Great Britain is developing new 
sets of service standards based on detailed, sophisticated 
analyses; the Metropolitan Toronto (Canada) Emergency Medical 
Service has chosen the sites for nearly a 1 0 0  percent increase 
in stations, using models our group has developed; and so forth. 

In the synthesis of this state of the art, the major steps 
are now complete. A ten-nation network of research institutes, 
government agencies, and corporations has been developed to 
advise and work with IIASA and provide hitherto unavailable 
information. Participants include contributors to planning, 
analytic, and management methods, leaders in the application of 
modern techniques, and service agencies with particularly notable 
practices. Important materials totalling over 1 , 3 0 0  items in 
six languages have been uncovered, collected and digested, 
including many usually available only in local or fugitive 
literature and some not otherwise likely to have become accessible. 

This part of the work could have been accomplished only at 
a place such as IIASA, with access to officials and scholars in 
key nations of the East and West, and with both the credibility 
and the capability to undertake comparative synthesis and 
analysis. Table 1  shows the case studies we have thus compiled. 

Table 1. Emergency services case studies. 

Country EMS Fire Police Catastrophe 

Australia 
* * J 

Austria 
Canada 4 * 
Denmark 4 / 
F RG 4 J * 
France * * 
Great Britain J 4 J * 
Hungary J 
Japan * * 
Netherlands 4 4 
USA J 4 4 4 
USSR -- J 

J Detailed case study or application example. 

* Information about systems and applications. 



Bui ld ing  on t h i s  base ,  t h e  p r o j e c t  ha s  i d e n t i f i e d  key 
weaknesses i n  t h e  s t a t e  of  t h e  a r t  and r e c t i f i e d  them. Analyses 
have been conducted t o  sharpen  and c l a r i f y  t h e  complex p l ann ing  
and management methods and t o  r e v e a l  t h e  common foundat ion  
shared  by p r a c t i c e s  developed i n  d i f f e r e n t  c o u n t r i e s  f o r  
d i f f e r e n t  emergency s e r v i c e s .  The c e n t r a l  p o l i c y  q u e s t i o n s  
t r e a t e d  a r e  shown below. 

Modern System Design and Management 
- C r i t e r i a  
- P r i n c i p l e s  
- I n t e r n a t i o n a l  Comparative Experience.  

System Improvements 
- Needs 
- Methods 
- Tools  
- Eva lua t ion .  

P o l i c y  Formulat ion 
- S t r a t e g i c  ( long-range)  
- T a c t i c a l  ( sho r t - r ange )  - preven t ion  and Response. 

Implementat ion.  

Such work, f o r  example, ha s  he lped  t o  u n i f y  d i f f e r e n t  
approaches t o  t h e  b a s i c  problem o f  t e l ephone  t r i a g e  and d i s p a t c h  
r e c e n t l y  developed f o r  s e v e r a l  s e r v i c e s  i n  t h e  USA and t h e  USSR. 
Its r e s u l t s  a l s o  h e l p  t o  s t r u c t u r e  and s e t  p r i o r i t i e s  f o r  d a t a  
a n a l y s i s  and t h e  des ign  of computer-aided d i s p a t c h  systems.  
Other  work has  c r i t i c i z e d  t h e  v a s t  f a c i l i t y - l o c a t i o n  and s i t e -  
s e l e c t i o n  l i t e r a t u r e ,  based on bo th  c a s e  s t u d i e s  and r e c e n t  
expe r i ence  i n  apply ing  advanced techniques .  And work d i r e c t e d  
toward t o p  management has  syn thes i zed  a  l a r g e  number o f  a n a l y t -  
i c a l l y  based p r i n c i p l e s  o f  s e r v i c e  management, d i s t i l l i n g  and 
g e n e r a l i z i n g  them i n t o  a p p l i c a b l e ,  a lmost  i n t u i t i v e  " r u l e s  o f  
thumb" t h a t  show how t o  improve most p u b l i c  s e r v i c e s .  

For example, i n  examining p o t e n t i a l  improvements, it i s  
u s e f u l  t o  c l a s s i f y  urban s e r v i c e s  by t h e i r  "product ion  func t ions" .  
We d i s t i n g u i s h  f o u r  component t y p e s  o f  s e r v i c e  t h a t  t o g e t h e r  
c o n s t i t u t e  emergency s e r v i c e s :  

- Technologica l ,  

- P e r s o n a l ,  

- Economic, 

- Admin i s t r a t i ve  and r e g u l a t o r y .  

Of t h e s e ,  g e n e r a l l y  t h e  most impor tan t  and a l s o  t h e  most d i f -  
f i c u l t  t o  improve i s  t h e  pe r sona l  component: emergency s e r v i c e s  



r e q u i r e  t h a t  s k i l l e d  p e o p l e  be  p h y s i c a l l y  p r e s e n t  a t  t h e  s e r v i c e  
s i t e  f o r  t h e  t i m e  t h e  s e r v i c e  i s  b e i n g  r e n d e r e d .  

D i s t i l l i n g  t h e  a n a l y t i c a l  r e s u l t s  y i e l d s  t h r e e  b a s i c  ways 
o f  improv ing  t h i s  p e r s o n a l  component:  r e d u c i n g  o r  r e s h a p i n g  
t h e  demands f o r  t h e  s e r v i c e s ;  improv ing  t h e  s e r v i c e s  p roduced  
d u r i n g  e a c h  man-hour; and  a l l o c a t i n g  men and equipment  t o  b e s t  
m e e t  p r i o r i t i e s  and demands. Programs t o  r e a l i z e  t h e s e  
improvements  i n c l u d e :  

S t r a t e g i c  ( long- range)  programs 
- S e r v i c e  l e v e l s  ( q u a l i t y  and q u a n t i t y ) ,  
- L o c a t i o n s ,  
- S c h e d u l i n g .  

T a c t i c a l  ( s h o r t - r a n g e )  programs 
- D i s p a t c h i n g ,  
- R e l o c a t i o n ,  
- Manning, 
- Computer-a ided management and c o n t r o l .  

These  programs a r e  a n a l y z e d  f o r  i m p o r t a n c e  and  p o t e n t i a l  
i m p l e m e n t a t i o n  i n  t e r m s  o f  p o t e n t i a l  i m p a c t ,  t i m e  r e q u i r e d  t o  
a c h i e v e  t h e  i m p a c t ,  and c o s t  ( T I C ) ,  a s  F i g u r e  1 d e p i c t s .  

I PREVENTION 
I 

PUBLIC CPRlFA TRAIN1 NG 

TIME 

Figure 1. TIC analysis of emergency service strategies. 



Figure 2 shows a representative sample of the comparative 
data we have obtained, illustrating the distributions of 
emergency medical response times in five cities and selected 
non-urban areas. 

CUMULA'I'IVE "I. 

1 = SEATTLE (USA) 
2 = MIAMI (USA) 
3 = HAMBURG ( FRG I 
4 = CLEVELAND ( USA) 
5 = FRG,NATIONAL AVERAGE 
6 = FRG,SUBURBAN AND 

RURAL ( AVERAGE I 
7 = BELFAST (UKI 

5 10 15 20 
RESPONSE TIME ( MIN I 

Figure 2. Comparison of EMS response time distribution. 

Figures 3 and 4 display representative patterns for calls 
requesting emergency medical services, showing how they vary by 
time of day. The large differences in numbers of calls at 
different times, and concomitant variations in the probability 
that initially non-specific calls will prove serious, create 
the need for sophisticated scheduling and dispatching techniques. 

We have also developed new approaches to basic questions of 
objectives and criteria, for example, risk, robustness and 
resilience, service productivity, and equity (distributional 
fairness) . 

Questions of risk are fundamental, even critical, to the 
emergency services as to the design of broader societal systems. 
This work, and that on resilience, thus has benefited from the 
cross-fertilization of concepts among research areas that an 
institution such as IIASA can provide. 

Some more basic research has led to analyses of combustion 
type processes, applying the new topological methods of cata- 
strophe theory to give insight into and to simplify otherwise 
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Figure 3. Time pattern of EMS calls (ERG). 
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Figure 4. Time pattern of calls for cardiological EMS (Gorky, USSR). 
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complex  phenomena.  T h i s  work i l l u s t r a t e s  a  p o t e n t i a l l y  impor-  
t a n t  m e t h o d o l o g y ,  a n d  p r o v i d e s  a  b a s i s  f o r  r e s u l t s  o f  v a l u e  t o  
f i r e  p r o t e c t i o n  p o l i c y  and  p e r h a p s  t o  e n e r g y  p r o c e s s  a n a l y s i s  
a n d  m a t e r i a l s  d e s i g n  a s  w e l l .  

I n  a d d i t i o n ,  new r e s u i t s  h a v e  b e e n  o b t a i n e d  o n  b r o a d e r  
i s s u e s  i n c l u d i n g  t h e  v a l u e  o f  s a f e t y  a n d  r e l a t e d  a t t r i b u t e s ,  
d i s t r i b u t i o n a l  e q u i t y ,  d e t e r m i n i n g  d e s i r a b l e  l e v e l s  o f  
p r o t e c t i o n ,  a n d  t h e  u s e  o f  r e l a t i v e l y  new p l a n n i n g  c r i t e r i a  
s u c h  a s  r o b u s t n e s s  a n d  r e s i l i e n c e ,  a n d  d o c u m e n t a t i o n  i s  w e l l  
advanced .  

R e f e r e n c e s  

[ I ]  Bonn, H.P., D o k u m e n t a t i o n s s t u d i e :  R e t t u n g s d i e n s t  und 
K r a n k e n t r a n s p o r t ,  V o l s .  1 and  2 ,  I n s t i t u t  f u r  
R e t t u n g s d i e n s t  und K r a n k e n t r a n s p o r t ,  Bonn, 1975.  

[21 Arbakov ,  A . I . ,  Sou. Zdravookhr . ,  32, 8 ( 1 9 7 3 ) .  





Modeling of Health Care Systems 

D. D . Venedictov 

I would like to discuss the development of the former Bio- 
medical project at IIASA, and to say some words about its present 
and future activities on the topic of modeling national health 
care systems. 

The history of the project is short. During the three-year 
period in which it existed, the project held three conferences, 
organized several workshops, and published a book [I] as well as 
reports on various problems of medicine and health care. 

Experts from various countries have worked with the project: 
A. Afifi, P. Fleissner, N. Glass, A. Kiselev, A. Klementiev, 
G. Majone, J. Miller, J. Page, M. Thompson, and others. At the 
end of 1974, I assumed the general leadership of the project. 

The IIASA Executive Committee decided that biology and 
medicine were priority areas that should be included in the IIASA 
Research Plan. This decision was influenced by a number of fac- 
tors outlined below. 

The need for a comprehensive (systems) approach to analyzing 
complex processes was recognized initially by scientists working 
in the fields of biology and medicine. It was believed that the 
application of the systems approach would yield new and important 
information in all spheres of applied systems analysis, including 
the analysis and control of ecological, social, industrial and 
other systems. 

In medicine, there are tightly interwoven biological and 
social processes that influence people's health--e.g., by increas- 
ing or decreasing their health status, by increasing or decreasing 
their access to health care facilities (Figure 1 ) .  To solve these 
problems requires more financial resources, more sophisticated 
measures, and more responsible decisions on the part of politicians 
and managers. These problems become urgent at the local, national, 
and international levels. 

Recently, in many countries there has been increasing 
criticism of the unsatisfactory work methods of physicians, the 
insufficient provision of medical services, and the inefficient 
organization of health services, in spite of the constant increase 
in funds for health care, and the increase in the manufacture of 
drugs and in the number of physicians, nurses and hospital beds. 



Figure 1. Factors influencing health of man. 

Over t h e  p a s t  2 5  y e a r s ,  t h e r e  h a s  been r a p i d  development  o f  
b road  i n t e r n a t i o n a l  c o o p e r a t i o n  i n  t h e  f i e l d  o f  medic ine .  H e a l t h  
c a r e  problems a r e  b e i n g  examined on  t h e  l o c a l ,  n a t i o n a l ,  i n t e r -  
n a t i o n a l ,  r e g i o n a l ,  u n i v e r s a l  and  g l o b a l  l e v e l s .  Thus, h e a l t h  
c a r e  and  m e d i c a l  s c i e n c e  a r e  i m p o r t a n t  f i e l d s  o f  s o c i a l  a c t i v i t y  
and i n t e r n a t i o n a l  c o o p e r a t i o n  t h a t  r e q u i r e  t h e  a p p l i c a t i o n  o f  
s y s t e m s  a n a l y s i s  a t  t h e  h i g h e s t  l e v e l .  

The development  o f  t h e  Biomedica l  p r o j e c t  began by q u e s t i o n -  
i n g  whe ther  s y s t e m s  a n a l y s i s  s h o u l d  b e  a p p l i e d  t o  t h e  whole  med- 
i c a l  and  b i o l o g i c a l  s c i e n c e s  o r  o n l y  t o  i n d i v i d u a l  p rob lems ,  e . g . ,  
c u r e s  f o r  c e r t a i n  d i s e a s e s ,  h e a l t h  c a r e  s y s t e m s ,  o r  i n d i v i d u a l  
m e d i c a l  s e r v i c e s .  I n  August 1973, IIASA h e l d  i ts  f i r s t  c o n f e r -  
e n c e  on b i o l o g i c a l  and m e d i c a l  sys tems .  The p a r t i c i p a n t s  sug- 
g e s t e d  p o s s i b l e  r e s e a r c h  d i r e c t i o n s ,  r a n g i n g  from t h e  problems 
o f  long- te rm h e a l t h  c a r e  p l a n n i n g  t o  s t u d i e s  o f  v a r i o u s  d i s e a s e s .  
Such s t u d i e s  began i n  1973 and  c o n t i n u e d  u n t i l  t h e  midd le  of  
1975. The s u b j e c t  o f  t h e  r e s e a r c h  v a r i e d ,  and  t h e  work was done  



using mathematical techniques of systems analysis. The partici- 
pants at the conference did not recommend activities other than 
those that are already being carried out by experienced health 
care organizers. 

At the second IIASA biomedical conference, held at Baden in 
August 1974 [I], the majority of the participants believed that 
the efforts of the project should focus on the following major 
problems: systems analysis and modeling of health care; and 
systems analysis and coordination of medical and biological re- 
search. Research should be directed to modeling of health care 
and its services, based mainly on data from the World Health 
Organization (WHO) and national organizations. 

In response to these suggestions, IIASA undertook the dif- 
ficult task of defining a health care system, since future 
research would depend on this. The "health care system" is that 
set of measures taken by society to preserve and improve ~ublic 
health. 

The complexity of medicine has long been recognized and 
documented: physicians and scientists have stressed the depen- 
dence of health on living and working conditions and proper 
nutrition, and also noted that medical science is closely con- 
nected with the prophylaxis and treatment of disease. Recently 
WHO has defined terms and established categories connected with 
the health care system and its place in society. These were 
clarified at the general and technical meetings of WHO, in the 
organizational research of its Executive Board, in reports by 
the Director General of WHO, in program papers of WHO, and 
especially in the Sixth General  Program o f  WHO f o r  1 9 7 8 - 1 9 8 3  
~ n c l u s i v e ,  adopted by the 29th World Health Assembly on May 6, 
1975 121. 

Defining the general concepts of the health care system is 
not sufficient. The functions of the health care system and 
their characteristics should be expressed mathematically. WHO 
has been active in this area. However, for a number of reasons 
including the scope of the programs, complex mathematical models, 
of health care systems have not yet been created. This task, in 
our opinion, should be part of IIASA8s activities. 

WHO'S interest in the early activities of IIASA was not im- 
mediate. While it has vital organizational, social and medical 
data, it appears that WHO'S experience in this area may be some- 
what disappointing. It may be their belief that systemologists 
and mathematicians are not able to provide more than pure theo- 
retical equations of simple and evident recommendations. I think 
that this reservation could be overcome. 

Also, as a result of the second IIASA biomedical conference, 
it became evident that the project's work should represent the 
efforts of not only a small group of scientists working at IIASA, 
but also those of scientists in research institutes and depart- 
ments of health care in IIASA1s National Member Organizations 



(NMOS) and in member States of WHO. It is in the interest of 
WHO, IIASA, and many national organizations to combine their 
efforts for systems analysis and modeling of health care systems. 
Currently, exchanges of information and collaboration on solving 
some important medical and social problems take place among 
ministries and departments of health in many countries with 
different political, social, and economic systems. 

Early in 1975, with the view toward international collab- 
oration, two groups of specialists in the fields of medicine, 
health care organization, international relations, engineering, 
mathematics and control theory were established in Moscow, with 
the goal of developing a methodology for modeling health care 
activities. Among the leading Soviet scientific research insti- 
tutes that participated in this work were the Semashko Institute 
of Social Hygiene and Health Care Organization, the Institute for 
Clinical and Experimental Oncology, the Research Institute of the 
Medical Industry, and the Institute for Control Sciences of the 
Academy of Sciences of the USSR. The work was enthusiastically 
carried out and fully supported by the National Committee on 
Systems Analysis of the USSR. 

Alexander Kiselev, who joined IIASA as deputy leader of the 
Biomedical project, has experience in modeling psychiatric care 
systems. He established valuable contacts with several national 
health care organizations that have helped in identifying special- 
ists in health care modeling. 

In December 1975, the third IIASA biomedical conference was 
held in Moscow and in Laxenburg. The conference was co-sponsored 
by IIASA, WHO, and the Academy of Medical Sciences of the USSR. 
More than 80 specialists from many countries participated. The 
participants' reports--in particular two papers by Soviet experts 
[3,4]--formed the basis of the discussion. The participants 
expressed their satisfaction with the two models presented, and 
acknowledged the need to continue, at the international level, 
the work on modeling health care systems and medical science. 

I would like to comment further on 131. The cancer research 
information exchange model was developed on the basis not of tra- 
ditional (retrospective) information, but rather of future scien- 
tific developments, with emphasis on the most probable directions 
of the scientific research in this field. The proposed model of 
the international long-term cancer program provides for the elab- 
oration of the research priority list, voluntary participation 
of all national organizations and scientists, unification of 
models for codification and information exchange, etc. Because 
of financial constraints, it was decided not to include this 
research program in IIASA's Research Plan for 1976. Under pre- 
sent circumstances, this is understandable; however, we believe 
that time and experience will prove the need for--and benefits 
of--the united efforts of WHO, the International Agency for 
Research on Cancer (IARC), IIASA, and large national organiza- 
tions concerned with health care. 



Now allow me to proceed to the health care simulation model. 
I am pleased to report on this model on behalf of the specialists 
who participated in its development, and primarily on behalf of 
Alexander Kiselev and Alexander Klementiev who, over the past 
months at IIASA, have improved the model. The model's character- 
istics are outlined below. 

The model was defined as a set of measures for protecting 
and improving public health. It is oriented toward a population 
of a specific area, and takes into account the interconnections 
of the health care system and the natural and socio-economic en- 
vironment (Figure 2). The model's development proceeds from an 
understanding of general criteria to the investigation of partic- 
ular phenomena and processes. Thus, the universal model of a 
health care system could be used in the future to analyze the 
basic processes of health care management at various levels, from 
local to national and international. 

There are still those who doubt that a universal model of a 
health care system can be established, because of major variations 
in morbidity and mortality of populations of different countries, 
differences in medical traditions, types of institutions and 
staff, etc. One may state that there are as many different health 
care systems as the number of existing States, and perhaps even 
more. However, in spite of all the variation among certain na- 
tional systems and health care services, there are many common 
aspects that can serve as a basis for a universal model describing 
these phenomena and processes. 

/ ( POPULATION ) \ 

Figure 2. Health care system's interconnections. 



The health care system simulation model takes into account 
the specific administrative territory, the major functions of the 
system, and the human, capital, and technological resources needed 
to carry out these functions. Such a system should optimally 
integrate the activities of central and local management (Figure 3). 

ADMINISTRATIVE 

Figure 3. Health care system functions. 

Even where local "non-systems" of health care services exist, 
as is the case in certain countries, we can observe the same pro- 
cesses and structural units, with one difference--their inter- 
connections are not orderly and obvious (Figure 4). However, in 
practice, most territories have several types of medical and 
health care institutions that, while different in name, do 



P
E

R
S

O
N

 F
A

M
IL

Y
 

P
O

P
U

LA
TI

O
N

 

A
D

M
IN

IS
T

R
A

T
IV

E
 

T
E

R
R

IT
O

R
Y

 

Fi
gu

re
 4

. 
"N

on
-s

ys
te

m
" 

of
 p

ub
lic

 h
ea

lth
. 



implement common functions in different proportions and with 
different degrees of centralization, depending on the country's 
social, economic, and geographic conditions and its traditions. 
Experience shows that functions such as planning and coordinating 
scientific research, meeting the demands for trained medical 
personnel, setting up pharmaceutical standards, organizing sani- 
tary and epidemiological services, determining the direction and 
the development of health care services are best conducted at the 
nat ionaZ  level. Activities that are best carried out at the Local 
level include the direct practical management of medical estab- 
lishments, administration of medical staff, flexible and rational 
use of local resources, and provision of accessible medical ser- 
vices. 

In the process of developing the health care system simula- 
tion model, we have drawn up a table that provides details about 
the major elements of the public health system mentioned earlier. 

Elements of a  publ ic  h e a l t h  system. 

Evaluating prob- 
lems 6 needs in 
theoretical 
practical medicine 

Planning biomedi- 
cal research 

Conducting biomedi- 
c.1 research 

Evaluating research 
resulte: new re- 
cornendations 

Analyzing factor- 
unfavorable to 
h v m M  health 

Providing pre- 
ventive health 
oeasurss/epide- 
mologival Bur- 
veillance 

Undertaking 
current health/ 
epidemiologicsl 
surveillance 

Prwiding health 
protection of 
vulnerable popu- 
lation groupe 

Providing health 
education 

Analyzing health Evaluating 
Status of wp- personnel neede 
lation 

Lneurinq poplation Training all 
access to p r i w y  health personnel 
curative/prev~tive 
care 

Undertaking Oqanizing 
preventive screen- public health 
in9 ard early teams 
care 

Providing spe- Prwiding 
cialired medical advanced train- 
6 rehabilitative ing/uplrading 
out-patient/ln- for all staff 
patient care 

Preventing 
dioease relapses: 
special follw-up 
of chronically 
ill 

Analyzing needs Analyzing health 
for facilitiee, status of population 
equipment, drugs 6 available resources 

Allocating finan- Interrelating 
cia1 resources public health with 

other socio-econmic 
systems 

Producing/supply- Allocating personnel 
ing oelical in- 6 resources within 
strumentslequip- health systems 
ment 

Producinq/supply- Controlling publlc 
ing drvqe 6 bio- health establish- 
preparatione to ments and evaluating 
medical eetabliah- efficacy 
mente d populations 

Adopting and execut- 
ing management 
decislons 

We have mapped these functions in the master flow-chart (Figure 5) 
that shows in detail the above-menti~ned scheme. Then we have 
studied both ther interconnections of the main blocks within the 
model (Figure 6) and the main directions of the information flows. 

A preliminary approach has been made to mathematically 
describe these processes, and when this is finalized, we will 
check it against the available data on health care in different 
countries. The model could become workable if national organiza- 
tions would collaborate actively, and if the model could be linked 
with global or regional models. 





-LIFE STANDARD 

Figure 6. General structure of interconnections in health care system model. 

The most urgent task is to review and classify the various 
health care system models, and to describe (in similar terms) the 
health care structures of different countries, with a view to 
finding common features in their development. The work on model- 
ing health care systems being carried out in some countries and 
by international organizations (especially by WHO) makes the ful- 
fillment of this task easier. It would be desirable if in late 
1976 or in the beginning of 1977, IIASA and WHO could jointly 
hold a workshop. Its tasks would be to review the work already 
completed, introduce some possible changes into the main blocks 
of the model that reflect the main ideas of WHO concerning health 
care system management, and mutually develop the model by making 
it more adaptable to conditions in different countries and to the 
task of solving health care problems. 

While working on the model, we kept in mind the model user 
and, in particular, the decision makers concerned with develop- 
ing health care systems--i.e., politicians, economists, health 
care organizers and other specialists (Figure 7). The broad 
use of health care system models is needed at this stage as 
well as at future stages of health care development at the na- 
tional and international levels. Health care organizers, phy- 
sicians, engineers and mathematicians of various countries 
should work together to identify problems and seek solutions. 

Among the major uses of models of health care systems are 
the following: specifying and measuring the individual and 
public health status; analyzing health care links with socio- 
economic factors; analyzing the role of health care factors in 
determining the health status of the individual and the community; 
establishing criteria for measuring the effectiveness of health 
care systems; setting up a health care systems information sup- 
port; forecasting and planning for the development of health care 
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Figure 7. Simulation model of a public health care system. 



services; fitting together the micro-models of a health care sys- 
tem; and expanding international cooperation in the health care 
field for the purpose of solving health care problems. 

While I am not an expert in the techniques of applied sys- 
tems analysis and mathematics, I am ultimately a user of the 
health care system model, i.e., a decision maker. My interest 
in the dynamic model of the health care system stems from my 
belief that present health care problems cannot be solved at the 
national and international levels without the use of systems 
analysis and simulation modeling. 

At a national level, for example in the USSR, we have a 
health care system that employs 5.5 million workers, including 
more than 830,000 physicians and 2.5 million trained medical 
assistants. There are more than 30,000 various medical insti- 
tutions, almost 90 higher medical schools, and more than 400 
research institutes and laboratories. The programs and activities 
of the health care system are effective. However, we are now 
faced with the problem of full-scale management optimization ofthe 
health care system, as a result of the socio-economic aspects of 
the worldwide developments in medicine and technology. 

Thus, we are directly interested in developing health care 
models, elaborating various alternatives of managerial decisions, 
and analyzing various socio-medical problems. We wish to under- 
stand and learn from the experiences of other countries in this 
field, and to adapt their positive elements to our system. We 
hope that other countries share our desire for this mutual learn- 
ing experience, and will adapt from our system those elements 
that can be useful within the framework of their economic and 
social systems. 

In addition to national and universal health care problems, 
there are similar problems of a regional and global nature, 
for example, problems of environmental protection and sanitation 
that exist in both industrialized countries and those emerging 
countries that are developing irrigation and energy systems; and 
epidemics of such diseases as onchocerciasis, and schistosmiasis. 
Moreover, there are global problems whose solutions require world- 
wide coordinated efforts, as for example, international coordina- 
tion of biomedical research; global epidemiological surveillance 
and control of epidemics; study, prevention and control of cardio- 
vascular, oncological and other widespread diseases; protection 
and improvement of the biosphere; monitoring and control of qual- 
ity, efficacy, side effects and use of drugs; assistance to 
developing countries in training medical personnel, developing 
national health care systems etc; and population dynamics and 
nutrition. 
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Discussion 

(J. R. Miron and A.A. Klementiev, Rapporteurs) 

Discussion centered on three research topics: inter-urban 
systems, intra-urban systems, and health care systems. 

A number of discussants reacted to the emphasis on demo- 
graphic models in the presentation on inter-urban systems 
research. They questioned the need for constructing more com- 
prehensive, multidisciplinary models of urban growth. One dis- 
cussant commented that an example based on the future rural-urban 
population split in India was too simplistic, because it ignored 
the different kinds of urban areas to which rural migrants might 
move. Another discussant stressed the need for more investigation 
of the theoretical principles (or laws of motion) in urban and 
regional development. 

One discussant presented several ideas on the concept of a 
unified settlement system that should underlie inter-urban systems 
research. A number of public policy goals in settlement system 
design were mentioned including an adequate provision for growth 
capacity, a resilience under changing economic conditions, and 
an efficient spatial structure for economic production and social 
development. Further, issues related to the manageability of an 
inter-urban system--its efficiency and unity--were discussed. 

Several comments were made about the need for IIASA to work 
more closely with national research institutes. Specific research 
already undertaken in the USSR on world population growth and 
distribution was given as an example of the type of information 
that could be provided to IIASA. 

On health care systems research, a comment was made that 
IIASA should promote comparative studies of national health care 
systems. Also, an emphasis should be placed at IIASA on the 
detailed application of systems analysis to health care problems. 
Finally, it was felt that there should be more coordination 
between IIASA and the World Health Organization. 





MANAGEMENT AND TECHNOLOGY 





Introduction 

H. Knop 

This volume contains three presentations by members of the 
IIASA Management and Technology area that deal with*the manage- 
rial aspects touched upon in my first presentation. The first, 
An Organizational Approach to Integrated Regional Development 
by C. Davies, is based on the research done over the past eight 
months by a small working group of full-time staff members of the 
Management and Technology 'area: C. Davies, A. Demb, R. Espejo, 
and R. Ostrowski. In addition, several visiting scientists con- 
tributed to the case studies of the Tennessee Valley Authority 
(TVA) in the USA and the Bratsk-Ilimsk Territorial Production 
Complex (BITPC) in the USSR: A. Agani, J.L. Evenko, B. Milner, 
J. Tomb, and R. Tomlinson. 

By way of introduction, I will use a simplified scheme of 
managerial activities and their interaction (Figure 1): analy- 
sis, forecasting and planning, modeling, and implementation. 
Davies' presentation concentrates mainly on the organizational 
problems (Figure 2) related to those managerial activities shown 
in Figure 1. Besides the TVA and the BITPC cases mentioned 
earlier, this working group studied the organizational approach 
and experience of three other regional development programs, 
namely, the Regional Development Program of Guyana and the 
Scottish development program. 

The second presentation, Models and Decision-Making in 
Integrated Regional Development, was authored by J. Owsinski and 
D. v. Winterfeldt, both members of the Management and Technology 
area. While at IIASA, A. Straszak and V. Takhadze also took 
part in analyzing the TVA and the BITPC case studies. This pre- 
sentation is concerned mainly with the present stage of our re- 
search on these two case studies. In terms of the interaction 
of managerial activity, it deals with the planning and decision 
processes, based on an analysis of the state and trends of de- 
velopment (see Figure 3). 

The third presentation, The Steel Case: Conceptual Frame- 
work and Hierarchical Control Approach, is by I. Lefkowitz who, 
together with the late Professor Cheliustkin, was co-project 
leader of the former Integrated Industrial Systems project. 
Professor Cheliustkin left IIASA in January of this year, having 

* 
Volume 1. 
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been at the Institute for two years. He was a person of high 
scientific repute, with tremendous practical experience and a 
high degree of dedication to his work. Other members who con- 
tributed to this study were D. Kelley, B. Maze1 and G. Surguchev 
Lefkowitz's presentation outlines some of the major results 
achieved by the project during the last two years. This activ- 
ity is being continued as part of the work of the Management 
and Technology area, under the research task entitled Computer 
Based Management Systems. The main emphasis of this study is on 
the interaction of model calculations and managerial decisions, 
mainly in the light of operational management, with strong em- 
phasis on data-base mangement (Figure 4). 

PLANNERS 

MANAGERS 

ANALYSIS L--? 

t OPERATIONAL 

M A N A G E M E N T  

Figure 4. Interaction of model calculations 
and managerial decisions. 





An Organizational Approach to Integrated Regional Development 

C. Davies, A. Demb, R. Espejo, and R. Ostrowski 

INTRODUCTION 

This paper presents a broad overview of a research program 
directed at the organizational aspects of integrated regional 
development. The program of research includes five cases of re- 
gional development. Two of the cases--the Tennessee Valley in 
the USA and the Bratsk-Ilimsk Territorial Production Complex 
(BITPC) in the USSR--formed the basis of the comprehensive man- 
agement and technology studies described by Hans Knop in his 
presentation.* 

The other three case studies are more limited in scope. 
The Polish case is concerned with the development of coal re- 
serves in the Lublin region of Poland (Figure 1). The reserves, 
which are a major national resource, are situated in an area that 
currently supports only agricultural activity. The development 
scheme is at a very early stage. 

The second case concerns development related to the explora- 
tion and exploitation of oil fields off the northeast coast of 
Scotland. Exploration started about six years ago, and oil is 
now beginning to flow to the mainland. The major impact of the 
development is concentrated in three areas of Scotland and is 
reflected in particular in the demands on infrastructure (Figure 2). 

The third case is the Guyana region of Venezuela (Figure 3 ) .  
Here development, which began about 20 years ago, took place in 
an almost virgin region. It features hydropower generation, 
urban development and somewhat diversified industrial development. 

Later in this paper we shall present some early observations 
on the organization in each of the cases, but first let us exam- 
ine the main purpose of the research program. 

The research program aims at providing support for policy 
decisions made about the organization of regional development 
programs. In none of the five cases does it seem possible to 
effectively manage mature development through the organizational 
mechanisms that ordinarily exist in the setting. Thus in all 
cases there is need for such decisions about organizational 
change. We should like to mention some issues that need to be 
resolved. 

- - 

* 
See Volume 1. 
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Figure 3. Guyana region, Venezuela. 

I n  t h e  P o l i s h  c a s e ,  t h e  development  program i s  a t  a  ve ry  
e a r l y  s t a g e .  A t  p r e s e n t ,  t h e  main a c t i v i t i e s  a r e  concerned  w i t h  
c o n s t r u c t i o n  o f  p i l o t  mines and s u r f a c e  s t r u c t u r e s .  A t  t h i s  
s t a g e ,  it i s  proving  p o s s i b l e  t o  manage t h e  a c t i v i t i e s  t h rough  
t h e  M i n i s t r y  o f  Mining. However, i n  a d d i t i o n  t o  min ing ,  t h e  
f i n a l  s t a g e  c a l l s  f o r  t h e  c o n s t r u c t i o n  o f  a  town f o r  1 2 5 , 0 0 0  
peop l e ,  w i t h  p r o v i s i o n s  f o r  t h e i r  r e c r e a t i o n a l  and o t h e r  needs ,  
and env i ronmen ta l  management. I t  is  q u e s t i o n a b l e  whether  a t  
t h i s  f i n a l  s t a g e ,  t h e  M i n i s t r y  o f  Mining w i l l  b e  an  adequa t e  
i n t e g r a t i n g  body f o r  a l l  t h e s e  a c t i v i t i e s .  The q u e s t i o n  how 
t o  manage t h e  whole program most e f f e c t i v e l y  i s  c u r r e n t l y  be ing  
d i s c u s s e d  i n  Poland. 

Moreover,  w e  cannot  assume t h a t  d e c i s i o n s  made about  o r -  
g a n i z a t i o n  w i l l  remain e f f e c t i v e  i n d e f i n i t e l y .  For  example, t h e  
development  program o f  t h e  BITPC h a s  been s u c c e s s f u l l y  ongoing f o r  
many y e a r s ;  however, t h e  a c t i v i t i e s  have  become s o  complex t h a t  
p o l i c y  makers i n  t h e  S o v i e t  Union a r e  now c o n s i d e r i n g  whether  
a  new comprehensive management body is  r e q u i r e d .  

I n  t h e  c a s e  o f  S c o t l a n d ,  r a p i d  p h y s i c a l  development prompted 
by n a t i o n a l  energy  needs  h a s  sometimes moved ahead o f  t h e  o rgan i -  
z a t i o n a l  r e s p o n s e s  t o  t h i s  development.  To t h e  e x t e n t  t h a t  t h i s  
h a s  happened, it i s  p o s s i b l e  t o  d e t e c t  development  problems,  f o r  
example, t h e  imbalance between t h e  supp ly  o f  i n f r a s t r u c t u r e  and 
t h e  new demands f o r  it.  



In all the above illustrations, there are common features 
that arise from the special characteristics of regional develop- 
ment. 

All the problems involve more than a single organization~l 
unit--they are problems of multi-organization. All involve an exam- 
ination of the linkages between the  un i t s  of the regional system, and 
linkages between the regional organizations and the  national system. Further- 
more, they all are concerned with managing a process of organization- 
a l  change, sometimes in the face of rapid change in the activities 
of the region. 

RESEARCH DESIGN 

We believe that organizational sciences can support policy 
makers in facing these problems, and can support the transfer of 
experience gained in one setting to the benefit of different 
settings. However, while theory and application experience exist 
in organizational sciences, theory has not been applied to the 
regional development context. Moving from existing theory and 
application to support for policy-making in regional development 
is a multi-stage process. 

The first stage involves translating existing theory into 
a form applicable to regional development--that is, establishing 
a new framework. This framework has to be applicable to cases 
drawn from different settings. Much of our recent work has been 
devoted to constructing such a framework, the main features of 
which will be discussed below. 

The second stage--at which we are at present--is the appli- 
cation of this framework to the five cases. The result of this 
stage is the production of a consistent set of regional develop- 
ment case descriptions from the organizational viewpoint. These 
descriptions should provide a valuable addition to the case 
literature of regional development. While many case descriptions 
exist, we have found few that focus on organization and manage- 
ment features. The case descriptions will also provide the data 
for the third stage of our research program. 

In the third stage, we will apply three different models of 
organization and change processes to each of the five cases [ 1 , 2 ,  
3,41. This will involve the advanced and novel application of 
these approaches, and will provide an assessment of the value of 
studying regional development from the organizational perspective. 
To the extent that the approach is valuable, support for policy 
decisions will result. 

Let us now go back to the first stage, and discuss the 
approach we have developed. 

We are conscious that the scientific benefit from a multi- 
case approach depends upon the application of a consistent frame- 
work across cases. This framework must meet two primary require- 
ment s. 



First, the language used to describe the cases must be 
universal--it must not contain elements or concepts that depend 
on a particular case. Language that is based on organizational 
forms does not satisfy this requirement--any one of the cases 
may contain forms that have no apparent parallel in the other 
cases. 

We must go beyond form and examine function to find our 
universal language. We are using models that postulate that all 
organizational forms and mechanisms are concerned with one or 
more of the five following functions only. These are policy- 
making, planning and information gathering, control of system 
activities, coordination of the activities, and operational 
implementation of the activities. 

Since these functions are universal, they can be used 
consistently to describe each of the cases. They provide our 
language. 

The second requirement is that the case be placed concep- 
tually within a larger system. Our systemic approach recognizes 
three system levels: the national system in which the regional 
system is embedded, the regional system, and the subsystems that are 
embedded in the regional system. The focus of our attention is 
the regional system. To define and under this system, we need 
to look outward at the national system and inward at the sub- 
systems. 

The concept of system embedding is illustrated in Figure 4. 
It is more accurately conveyed as shown on the left of the figure; 
however, to present observations on particular cases, we will use 
the diagram on the right. In particular cases, the relative sizes 
of the circles representing the regional and the national systems 
suggest the influence each has on the subsystems. 

Our definition of system is not a simple one based on the 
geographic location of an organization unit within the regional 
boundaries. Rather, it is based on the nature of the decisions 
or the tradeoffs made by the unit. 

Organizations in the national system make tradeoffs invol- 
ving regional interests with interests outside the region. In 
the regional system, the organizations make tradeoffs only be- 
tween the regional interests. The regional system embeds the 
subsystems that make tradeoffs only within one area of the re- 
gional activities. Whereas subsystems are always located in 
geographic regions, any part of the regional system may or may 
not be located in these regions. 

CASE OBSERVATIONS 

Using the concepts of system embedding and viewing regional 
development as a change process, we shall discuss some of the 
early observations on each of the five cases. Naturally, these 
observations may be subject to revision as our information on 
the cases increases. 
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L e t  u s  l o o k  f i r s t  a t  t h e  BITPC case. Accord ing  t o  o u r  
i n f o r m a t i o n ,  t h e r e  a r e  s e v e r a l  d i f f e r e n t  deve lopment  p h a s e s  
( F i g u r e  5 ) .  The f i r s t  phase  i n v o l v e d  t h e  r a p i d  c o n s t r u c t i o n  o f  
p r o d u c t i v e  p o t e n t i a l - - i . e . ,  t h e  c r e a t i o n  o f  hydropower dams and 
e n e r g y - i n t e n s i v e  i n d u s t r i e s .  I n i t i a l l y ,  t h e  a c t i v i t i e s  were 
n o t  complex,  and c o u l d  b e  managed t h r o u g h  t h e  u s e  o f  t h e  h i g h l y  
d e v e l o p e d  n a t i o n a l  s y s t e m  o f  s e c t o r i a l  management. T h e r e f o r e ,  
t h e  p r o d u c t i o n  complex moved toward d i v e r s i f y i n g  i t s  a c t i v i t i e s .  
The i n c r e a s e d  c o m p l e x i t y  o f  t h e  a c t i v i t i e s  l e d  t o  a  b r o a d e n i n g  
o f  t h e  l i n k a g e s  between t h e  n a t i o n a l  sys tem and  t h e  s u b s y s t e m s ,  
and a l s o  l e d  t o  t h e  c r e a t i o n  o f  new mechanisms a t  t h e  r e g i o n a l  
l e v e l .  W e  have  r e a d  o f  t h e  i n c r e a s e d  powers  o f  t h e  t e r r i t o r i a l  
b o d i e s  v i s - a - v i s  t h e  s e c t o r a l  o n e s  i n  t h e  USSR, and i n  t h e  c a s e  
o f  t h e  BITPC, a Board of  D i r e c t o r s  h a s  been c r e a t e d .  

The BITPC h a s  c o n t i n u e d  t o  grow i n  c o m p l e x i t y ;  a t  p r e s e n t ,  
i t  i s  a h i g h l y  deve loped  s o c i a l  and p r o d u c t i o n  sys tem.  C u r r e n t l y ,  
t h e r e  a r e  d i s c u s s i o n s  o f  p o s s i b l e  new o r g a n i z a t i o n a l  s o l u t i o n s ,  
a s  f o r  example ,  c r e a t i n g  a  new body f o r  managing t h e  complex.  
The BITPC's d i v e r s i t y  may b e  becoming t o o  g r e a t  t o  manage even  
f o r  t h e  h i g h l y  d e v e l o p e d  n a t i o n a l  sys tem.  I f  a new body is  
c r e a t e d  a t  t h e  r e g i o n a l  l e v e l ,  t h e n  t h e r e  i s  a n  accompanying need 
t o  modify  t h e  i n f l u e n c e  o f  t h e  n a t i o n a l  sys tem.  

I n  t h e  Tennessee  V a l l e y  c a s e  we f i n d  a  c o n t r a s t i n g  s i t u a t i o n  
( F i g u r e  6 ) .  I n  t h e  USA t h e r e  was no r e a d i l y  e x i s t i n g  c a p a c i t y  a t  
t h e  n a t i o n a l  l e v e l  t o  manaqe t h e  deve lopment  o f  t h e  r e g i o n .  We 
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know that there were some federal agencies for development activ- 
ities (e.g., agriculture), bu: our information at present is 
limited. 

The essence of the development plan was to harness under- 
utilized and, indeed, destructive water resources for navigation 
and power generation. Agriculture would benefit from the improved 
flood control, and industry would be attracted through cheap 
electric power. The Tennessee Valley Authority (TVA) was created 
to implement this. 

The legal act creating the TVA did not, however, give details 
on the scope of its activities or the nature of the relationships 
with other units (private, state or federal) operating in the 
region. How these relationships and boundaries were established 
is an interesting feature of this case. The early period was far 
from conflict-free. The TVA had to find some accommodation with 
these other units, which involved reducing the scope of its initial 
activities. At times the heat of the issues was such that the 
survival of the TVA was in doubt. While this episode now belongs 
to history, it does illustrate the importance of the issues we 
are discussing. 

The Scottish case represents development in a setting that 
was already sophisticated, both industrially and organizationally 
(Figure 7). The existing regional system consisted of many 
separate units concerned primarily with infrastructure development 
as well as with general industrial development. Established 
patterns of authority and influence existed to deal with the 
integration and coordination of these activities. 

Oil, the major driving force of the development being con- 
sidered, is, however, controlled at the national level. Thus, 
the region was forced to respond to something it could not con- 
trol. While some adjustments have taken place within the regional 
system, the main obstacles to overall integration arise because 
of the different centers of control. 

The Venezuela case represents, by contrast, development in 
almost virgin territory (Figure 8). Of the five cases, it is the 
one clear case where development did not proceed along the lines 
envisaged, and organizational solutions had to be changed as a 
result. 

It was originally intended that many of the development 
activities would be carried out with private capital. A new 
organization, Corporaci6n Venezolana de Guayana (CVG), was set 
up to promote the region to private developers and to coordinate 
their activities, having implementing powers only for hydropower 
development. 

However, no means existed in the setting for effectively 
pushing private capital in the desired direction. The result is 
that public corporations now represent the bulk of the investment 
in the region. CVG plays a more powerful role vis-a-vis the 
region to set up these corporations and manage their activities. 
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We move f i n a l l y  t o  t h e  P o l i s h  c a s e ,  which b r i n g s  u s  back 
t o  o u r  s t a r t i n g  p o i n t  (F igu re  9 ) .  A c t i v i t i e s  i n  t h e  r e g i o n  a r e  
a t  a  low leve l - - they  a r e  p r i m a r i l y  r e l a t e d  t o  c o a l  mining. Here 
management of t h e  a c t i v i t i e s  th rough t h e  M i n i s t r y  of  Mining is  a n  
obvious s o l u t i o n .  

But we a r e  only  a t  t h e  beginning  of  t h e  s t o r y .  The type  
o f  r e g i o n a l  o r g a n i z a t i o n s  and t h e i r  l i n k a g e s  t h a t  a r e  e f f e c t i v e  
f o r  managing t h e  complex a c t i v i t i e s  t h a t  d o  n o t  fo l l ow s e c t o r a l  
bounda r i e s ,  and t h a t  a r e  a p p r o p r i a t e  t o  P o l i s h  c o n d i t i o n s ,  s t i l l  
have t o  be  de f ined .  

S c i e n t i f i c  r e s e a r c h  can  never  b e  a  s u b s t i t u t e  f o r  p o l i c y  
d e c i s i o n s  i n  t h e  f i e l d  of  complex o r g a n i z a t i o n s ,  b u t  it can 
suppor t  p o l i c y  makers. Poland today ,  o r  i n  t h e  nea r  f u t u r e ,  
must make such p o l i c y  d e c i s i o n s .  The t ime s c a l e  he re  may indeed 
p rec lude  ou r  c o n t r i b u t i o n .  However, we a r e  c e r t a i n  t h a t  t h e  
f i n a l  judgment on r e s e a r c h  such  a s  we have o u t l i n e d  h e r e  must 
r e s t  on t h e  a b i l i t y  of  t h e  r e s e a r c h  t o  p rov ide  t h e  neces sa ry  
suppor t .  

PRESENT 

IJigurt. 0. I'olish rasc. 
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Models and Decision-Making in Integrated 

Regional Development 

J. Owsinski and D. v. Winterfeldt 

RESEARCH GOALS AND CONCEPTS 

One of our research interests in the Management and Technol- 
ogy area is the use of models in planning and decision-making 
of large organizations. Within IIASA's research program of Inte- 
grated Regional Development, we focused our research on the use 
of models in integrated regional development programs based on 
an accumulation of experiences from the retrospective case studies 
of the Tennessee Valley Authority (TVA) in the USA, and the Bratsk- 
Ilimsk Territorial Production Complex (BITPC) in the USSR. Our 
objectives were to describe the role that models have played in 
planning and decision-making for these two important development 
programs, and to assess the possibilities and needs for further 
integration of modeling and decision-making. 

Our research was motivated by two problems: first, the need 
for models to overcome the difficulties of intuitive decision- 
making in large organizations, and second, the often inefficient 
use of existing models in decision-making. Many studies of be- 
havioral decision theory have demonstrated that man has diffi- 
culties in handling even relatively simple information-processing, 
evaluation, and decision-making problems when left to his own 
intuition (e.g., [1,2]). Thus, it is understandable that de- 
cision-making tasks as complex as regional strategy selection or 
regional planning need support from models to ensure rational 
decision-making. 

Such models exist, of course, ranging from direct formal- 
izations of the information processing and decision-making (e-g., 
decision analysis, probabilistic information-processing systems) 
to models of the decision object (e.g., simulation and forecast- 
ing models). Those models that are based on simple and well- 
known techniques or model systems [3,4] are used frequently and 
effectively in the decision-making process. Other, more refined 
and comprehensive models of, say, urban and regional systems 
(e.g.1 [5,6,71) are not efficiently used--if at all--in plan- 
ning and decision-making. Different types of models are usually 
badly linked, often ill understood, and seldom well adapted to 
actual decision-making. 

The main problem is therefore one of integration: integrat- 
ing various types of models that support decision-making, and 
integrating models into the decision process. This problem of 
integration has been widely recognized, and research institutes 



in many countries are making extensive efforts to solve it. Our 
research focused not so much on the various attempts to formalize 
the process as such and to draw mathematical modeling conclu- 
sions [ E l  or to design man-computer interfaces [ 9 ] .  Rather, our 
goal was to contribute to integrative methodologies by analyzing 
the actual use of models in real-world decision-making cases. 

To describe our approaches to analyzing the use of models 
in decision-making, we needed to clarify some concepts. What do 
we mean by models, decision-making, and the need for integration? 

The two basic elements of any decision process are the 
decision unit (decision maker), and the decision object (region, 
regional subsystem) (see Figure 1). The purpose of decision- 
making is to select alternative courses of action that produce a 
desired behavior on the part of the decision object. Models to 
support decision-making are, on the one hand, models of the decision 
object. When we talk about such models, we do not mean mere con- 
cepts, but rather precise and operational abstract (physical or 
mathematical) representations of the decision object and its 
possible action-dependent futures. Examples of this type of mod- 
el are econometric forecasting models, regional simulation models, 
and balance or optimization models [lo]. On the other hand, mod- 
els to support decision-making are decision theoretic models of 
the decision maker's tradeoffs, time preferences, and risk pref- 
erences, that is, formal representations of the decision maker's 
opinions and values. Examples of such models are multiattribute 
utility models, discounting models, and expected utility models 
[11,121. 

I uecis ion Maker I 

Decision Object 
; lonal  1 - 

) Decision Object 

Figure 1.  Basic elements o f  a decision process. 

The need for integration arises at several points: 

- Integration of the various models of the decision object 
and its behavior; 

- Integration of models of the decision object 
with decision-making; 



- Integration of models of the decision object w i t h  models  
o f  t h e  d e c i s i o n  m a k e r ' s  v a l u e s  and o p i n i o n s .  

Reflecting our different research interests, we analyzed, 
along two different lines, the use of models in regional decision- 
making and the possible need for integration in the TVA and the 
BITPC cases. The first line of research made the decision pro- 
cess in regional development an object of study itself. It fo- 
cused on the elements d e c i s i o n  maker,  d e c i s i o n  t h e o r e t i c  models ,  
and d e c i s i o n  o b j e c t  (Figure 1 ) .  Using elements of decision analy- 
sis, we studied the actual decision processes in the TVA and 
the BITPC to learn how models of the process itself could be used 
in decision-making to determine the appropriate application of 
models describing or optimizing the system. The second line of 
research was a study of such existing descriptive or optimization 
models, their interconnections and embedding in regional deci- 
sion-making in the TVA and the BITPC. This analysis focused on 
the elements d e c i s i o n  maker, d e c i s i o n  o b j e c t ,  and models  o f  t h e  
d e c i s i o n  o b j e c t .  Thus we were able to describe the kinds of 
models used in both cases, to assess different attempts at inte- 
gration, and to identify the gaps between models and those be- 
tween models and decision-making. 

DECISION ANALYSIS OF REGIONAL DECISION-MAKING 

Decision Analytic Approach 

Decision analysis is a formal method for improving decision- 
making in complex situations that are characterized by multiple 
objectives, uncertainty, time variability, and group conflicts 
[11,12]. Decision analysis is a rational approach for structur- 
ing decision problems, assessing the consequences of alternative 
actions, and evaluating them with a mathematical model of the de- 
cision maker's preferences. To perform these tasks, decision 
analysis poses four classes of questions to the decision maker 
(Figure 2). What are the problems and opportunities? What are 
the goals and objectives? What are the alternative courses of 
action, possible events and consequences? What are the tradeoffs 
that characterize the decision maker's priorities among multiple 
objectives, his risk attitudes, his time preferences, etc.? 

The formalized answers to the first three questions are 
given in the form of trees: 

- A problem (or opportunity) tree that establishes the 
hierarchical relationships among major problems (or op- 
portunities), subproblems (or subopportunities), and 
specific causes; 

- A goal  tree that shows the logical relationships among 
general supergoals, subgoals, main objectives, and lowest- 
level targets and indicators; 



- A decision tree that maps out alternative initial 
actions, possible subsequent events, follow-up actions, 
and final consequences. 

F i e  2. Decision analytic approach. 

Question 

Problems and Opportunities? 

Goals and Objectives? 

Decision Alternatives and 
Events? 

Preference Characteristics 
of Decision-Making Bodies? 

The formal answers to the fourth question are numerical param- 
eters that are to be incorporated in the decision theoretic 
model of the decision maker's preferences. Such parameters 
are utility functions, importance weights, risk measures, and 
discount rates. With these elements, the decision analysis 
constructs a mathematical model of the decision maker's prefer- 
ences (e.g., a multiattribute expected utility model) with 
which alternative courses of action in the decision tree can 
be evaluated against the decision maker's objectives in accor- 
dance with his tradeoffs. 

Formalized Answers from 
Case Material 

Problem or Opportunity Tree 

Goal Tree 

Decision Tree 

- Importance Weights 
- Utility Functions 
- Risk Measures 
- Discount Rates 

In our retrospective analyses of the decision processes in 
the TVA and the BITPC, we split up the processes along these de- 
cision analytic steps. We analyzed strategic decision-making 
and power production planning in the TVA, and began to look into 
strategic decision-making in the BITPC. Through this analysis, 
we could identify where, in such a formalized process, explicit 
or implicit models of decision-making and models of the decision 
object were used, where they could be used, and the possibilities 
and problems of integration. 

Problems and O~~ortunities 

Our analyses could usually identify a clear picture of prob- 
lems and opportunities that the decision makers and experts had 
in mind. Several devices for identifying problems and opportu- 
nities were used in the case of the TVA. In the TVA's power 



production, for example, future problems were mainly identified 
through an assessment of demands and supplies. Capacity and 
demand forecasting models play a very important part in this 
process. On the strategic decision-making level, the task of 
structuring problems and opportunities is more conceptual, and 
models are used more to make problem definitions precise than to 
actually generate them. For more general problem definition 
tasks of this type, the TVA has implemented a reporting system 
called "situation assessment" that guides the top management in 
its problem identification task. 

Goals and Objectives 

Our attempts to structure goal trees retrospectively were 
not as successful as we had hoped, reflecting a possible need 
for further elaboration and specification of goals and objectives 
in regional decision-making. In the TVA's power production 
planning, we found at various places the following sets of ob- 
jectives (Figure 3): power system improvement; engineering qual- 
ity; economics (cost minimization); environmental impact minimi- 
zation; and social objectives. 

Minimizat ion 

Thermal Radio- A e s t h e t i c s  
a c t i v i t y  e t c .  

Engi- 
n e e r i n g  
q u a l i t y  

Objec t ives  I I 

Income b p l o y -  Educa t ion  rfi; 
Figure 3. Segment of goal tree for power production planning, W A .  

The integration of these goals into the general supergoal 
structure for the regional development remained somewhat unclear. 
At the other end, several subgoals and subobjectives remained ill 
defined and lacking in operational definition. This was partic- 
ularly true of the environmental and social objectives, such 
as aesthetics, and quality of health and education. As far as 



strategic decision-making was concerned, we could identify in 
both the BITPC and the TVA cases a well-structured set of goals 
based on the supergoals of "improving the national economy" 
(BITPC) , and "improving the regional economy" (TVA). But we 
failed to uncover any specific translations of these supergoals 
and their subobjectives into targets against which specific alter- 
native actions could be measured. Thus, it appears that speci- 
fication, logical relation, and integration of goals and objec- 
tives in regional decision-making could be improved. Important 
also is the operational definition and the quantification of ob- 
jectives that are more complex and subjective in nature. 

Alternatives and Decision Trees 

In our attempts to map out alternative courses of action 
(strategies, sites) in the form of decision trees, we usually 
found a reduced set of explicitly considered alternatives, often 
highly prescreened on the basis of a few initial criteria. The 
TVA's power production planning seemed at first glance to be 
an exception. The decision tree that the planners had in mind 
(Figure 4) represents a complete picture of the TVA's energy al- 
ternatives in 1970. However, only the coal and nuclear options 
were considered at any level of detail, and their respective 

Energy Alternatives 

Add Capacity r - 5  

Design and S i t e  Alternatives  

\\ 
Consequences 

Figure 4. Power strategies, TVA. 



evaluation was done almost purely on economic grounds. The re- 
maining alternatives--sites and design alternatives (for nuclear 
plants)--were studied more thoroughly. Models were used in this 
process to assess some of the consequences of certain alterna- 
tives, e-g., economic models and environmental assessment models. 
It is possible that use of models could substantially improve the 
decision process here, by enabling the decision makers and plan- 
ners to search more thoroughly through alternatives and their 
consequences than had been done in the case of the TVA. 

A step in this direction is the way models are used in the 
BITPC strategic making. Many of the strategic aspects of the 
BITPC decision-making have to do with the alternatives to the 
chosen complexity strategy of territorial production complexes, 
e.g., an export strategy. In the BITPC case, an integrated 
model system was applied to analyze and assess such strategic 
variants (Figure 5). 

Tradeoffs and Evaluation 

To evaluate alternatives in the decision tree against the 
decision maker's goals and objectives, the decision maker has 
to lay open his tradeoffs. In our analysis we found little, if 
any, explicit consideration of such tradeoffs. In the TVA's 
power production planning, the more formal analysis was restricted 
to economic considerations (e.g., cost-benefit analysis), but 
when it came to tradeoffs between environmental and cost consider- 
ations, no attempt was made to assess any priorities. In the 
more complex strategic decision-making problems, tradeoffs were 
at best spelled out verbally. In some cases, uncertainties 
were discussed in terms of extremely small probabilities (e.g., 
a nuclear plant disaster), but there was no attempt to weigh 
these uncertainties against their consequences. For an effective 
evaluation, one would need not only impact models that predict 
the consequences of the actions, but also models that evaluate 
these consequences taking into account the decision maker's trade- 
offs. 

USE OF MODELS IN THE MANAGEMENT OF INTEGRATED REGIONAL 
DEVELOPMENT 

Our second approach was meant to provide answers to the 
questions: how, in the two cases studied, did models help in prac- 
tice in choosing the development strategies, and what was their 
role in the analysis of alternative decisions at different levels 
of the planning process? The existing or projected models studied 
can be characterized as mainly descriptiue and optimizing process 
models. 

Of course, the role of models in decision-making depends 
not only on model availability and model-building capacity, but 
also on the general policy toward model development and use. 
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Figure 5. Elements of a decision trec, BITPC. 



Therefore, we analyzed the general attitude toward the creation 
of models assisting decision makers, and the general character- 
istics of model use, rather than analyzing the individual models 
in depth [ I  31 . Our approach consisted of three stages that can 
also be regarded as levels of analysis. The analysis started 
at the level of elements, i.e., individual models and their 
homogeneous groupings, then considered the model system as a 
whole, and finally mapped this system into the decision process. 

Elaboration of the Table of Models 

Figure 6 gives rough characteristics of individual models. 
For each model, we identified purpose, methods used, dimensions 
of tasks solved, use (e.g., analytic, forecasting, planning, oper- 
ational or engineering), stage of development, and connections 
with other models. The sample of models considered consisted 
of those models that are significant in the planning and manage- 
ment of the regional program. In the TVA case, the sample com- 
prised 65 models out of several hundred that exist in the 
brganization; in the case of the BITPC, the sample contained de- 
scriptions of 37 preliminary models, a number that is very likely 

Figure 6. Characteristics of individual models. 
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I s o l a t e d  Operat ional  
Models 
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Models I Models 
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37 Models 
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System Concept 
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Implementat ion  
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Management 

Regional 
20 

Models 

Power 
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Models 

Pre-Plan 
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S e c t o r a l  
Planning 

and 
Operat ive 
Manage- 

ment 



t o  i n c r e a s e  i n  f u r t h e r  s t u d i e s .  Our r e s e a r c h  on t h e  u s e  o f  
models  i n  t h e  BITPC h a s  mere ly  begun, and we s h a l l  have t o  l e a r n  
more a b o u t  t h i s  c a s e  t o  be a b l e  t o  draw f i n a l  c o n c l u s i o n s .  

A n a l y s i s  o f  t h e  System o f  Models 

On t h e  second  l e v e l  o f  a n a l y s i s ,  t h e  set  o f  models  shown 
i n  F i g u r e  6 ,  a l o n g  w i t h  t h e i r  i n t e r c o n n e c t i o n s ,  was c o n s i d e r e d  a s  
a  sys tem.  The s t r u c t u r e  o f  t h i s  sys tem and i t s  dynamics were  
a n a l y z e d .  Our aim was t o  a s s e s s  t h e  d i r e c t i o n s  o f  t h e  deve lop-  
ment of  t h e  s y s t e m  o f  models and  i t s  s y s t e m i c  p r o p e r t i e s  s u c h  a s  
c o n n e c t i v i t y  and  o r g a n i z a t i o n .  T h i s  gave  u s  an i m p o r t a n t  i n -  
s i g h t  i n t o  t h e  p h i l o s o p h y  o f  t h e  t r e a t m e n t  o f  models  i n  a  g i v e n  
s e t t i n g  and on an a g g r e g a t e  l e v e l .  

I n  t h e  c a s e  o f  t h e  TVA, we were d e a l i n g  w i t h  a  number of  
r e l a t i v e l y  i s o l a t e d  s u b s y s t e m s ,  o r  even  s e p a r a t e  a p p l i c a t i o n s  
( F i g u r e  6 ) .  The c o n n e c t i v i t y  r a t i o  was low, a n d  t h e  d i r e c t i o n  
o f  development  ranged  from i s o l a t e d  models  and  computer a p p l i -  
c a t i o n s  t o  subsys tems;  we a r e  c u r r e n t l y  w i t n e s s i n g  e f f o r t s  t o  
i n t e r c o n n e c t  s e v e r a l  subsys tems .  The main subsys tems  o f  i n t e r -  
e s t  h e r e  were t h e  r e g i o n a l  socio-economic and t h e  power/water  
subsys tems .  During t h e  IIASA Conference  on t h e  BITPC e x p e r i e n c e  
[ 1 4 ] ,  we were p r e s e n t e d  w i t h  t h e  i d e a ,  a l r e a d y  t o  a  l a r g e  e x t e n t  
implemented,  o f  c r e a t i n g  a  c o n s i s t e n t  model sys tem i n  t h e  domain 
o f  g e n e r a l  socio-economic r e g i o n a l  p l a n n i n g .  O t h e r  models  rele- 
v a n t  t o  t h e  r e g i o n a l  program, though  n o t  y e t  i n t e r c o n n e c t e d ,  were  
a l l  r e l a t e d  t o  t h e  problem o f  power p r o d u c t i o n  and  r i v e r  c o n t r o l ,  
j u s t  a s  i n  t h e  c a s e  o f  t h e  TVA. 

Embedding i n  t h e  D e c i s i o n  P r o c e s s  

W e  began t h i s  s t a g e  o f  a n a l y s i s  by mapping t h e  g e n e r a l  
s t r u c t u r e  o f  t h e  model s y s t e m  a g a i n s t  t h e  r e a l  s t r u c t u r e  o f  t h e  
p l a n n i n g  p r o c e d u r e  and  t h e  r e a l i t y  o f  t h e  d e c i s i o n  o b j e c t .  I t  
i s  a t  t h i s  s t a g e  t h a t  we o b t a i n e d  t h e  s i m p l e  d i a g r a m s  t h a t  re- 
f l e c t  t o  some e x t e n t  t h e  p l a n n i n g  r a t i o n a l e  b e h i n d  t h e  s y s t e m ' s  
c r e a t i o n  ( F i g u r e s  7 and 8 ) .  These d iagrams  show t h e  main mod- 
u l e s  o f  t h e  s y s t e m  o f  models and t h e i r  c o n n e c t i o n  w i t h  n a t i o n a l -  
s c a l e  c o n s i d e r a t i o n s ,  and t h e  most i m p o r t a n t  r e g i o n a l  problems 
and  subsys tems .  These modules a r e  more o r  l e s s  c o h e r e n t  g roups  
o f  models .  I n t e r c o n n e c t i o n s  between modules show t h e  main e x i s t -  
i n g  o r  p o t e n t i a l  i n f o r m a t i o n  f l o w s ,  and a t  t h e  same t i m e  t h e  
p o i n t s  where t h e  major  d e c i s i o n s  a r e  made. 

Al though  t h e  s e t  o f  modules and t h e  o u t l o o k  o f  t h e  s y s t e m s '  
s t r u c t u r e s  i n  b o t h  c a s e s  a r e  s i m i l a r  and r e f l e c t  t h e  o b j e c t i v e  
r e a l i t y  o f  any r e g i o n a l  socio-economic sys tem,  t h e  r o l e  and 
f u n c t i o n s  o f  models  i n  t h e  TVA and t h e  BITPC d i f f e r .  

I n  t h e  c a s e  o f  t h e  TVA, t h e  r e g i o n - o r i e n t e d  model subsys tem 
had p r e d i c t i v e  p u r p o s e s  f o r  p r o c e s s e s  a b o u t  which t h e  model spon- 
s o r s  had l i t t l e  o r  no  g o v e r n i n g  power; i n  t h e  case o f  t h e  BITPC, 
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the analogous system was much bigger in scope, and was meant to 
provide optimal planning alternatives to be implemented through 
the use of adequate measures. On the other hand, the TVA model 
system extended down to the operational level as a result of the 
operational nature of the TVAfs activities; this was not the case 
with the BITPC, which was exclusively the object of planning. 

Differences between the contents of seemingly similar 
structures of model systems can be illustrated by the example of 
a "Needs-Demands" module. In the case of the TVA, the demand 
for various commodities is projected on the basis of costs and 
prices forecasted by national econometric models, and on the ba- 
sis of social-regional forecasts. In the BITPC system, the mod- 
ule is broken down into two parts. In the first part, the pat- 
tern of so-called industries or regional specialization is deter- 
mined, i.e., the quota of production in branches selected on 
the basis of national importance. In the second part, the pre- 
vious requirements are summed up with those resulting from 
social infrastructure formation needs and from other industries 
in the region. The information flow in the BITPC case has, then, 
a fully normative character. 

The next step in embedding the model system in the decision 
process consisted in identifying the managerial inputs to the 
models and the use of their results. Assumptions made prior to 
activating any model, and the decisions based on its results, are 
not yet formalized (or may not be formalizable) human actions. 
By interconnecting these actions (decisions) of management with 
model calculations, we formed the "system of decisions and cal- 
culations"--i.e., the tool for assessing management/model inter- 
relations. 

The Role of Model Systems in the TVA and the BITPC 

The use of models should be related to the requirements of 
the planning process. In our decision-analytic studies of the 
TVA and the BITPC, we identified the hierarchies of goals and the 
opportunities and decisions in the development of both regions; 
Figure 5 is one example. In the Bratsk-Ilimsk case, a consistent 
system of models was created that enabled us to analyze regio~l 
strategy alternatives and identify optimal plans at various 
levels of aggregation. This regional planning system is, in 
fact, a part of a greater concept of a national model system for 
planning at all levels and for all time horizons (Figure 7). 
At present, the regional system is operated in relative separa- 
tion from the national-level modules. It is used for pre-plan 
studies of long-range planning of territorial entities of the 
territorial production complex type. The model runs are re- 
quested by the planning bodies at various levels, and serve main- 
ly for elaborating so-called "general schemes of allocation of 
productive forces"--i.e., the main guideline for planning the 
spatial dimension of economic development. The system's oper- 
ation is divided into stages that elaborate the plans with in- 
creasing detail. The stages correspond to iterations of proce- 
dure that are formed by closed loops of modules in the model 
system structure (Figure 7). 



This system is not regarded as a main tool for long-range 
planning, but is capable of giving clear-cut recommendations for 
siting and determining the amount of different production and 
infrastructure activities. It has been run for data on various 
territorial units within and in the vicinity of the BITPC, and 
in several cases the proposed planning alternatives differed 
from those obtained by using traditional methods. 

In the BITPC, the regional planning system has been imple- 
mented and thoroughly tested. However, in the TVA, the need for 
an analogous system has appeared only recently, and the system, 
having only forecasting and not planning purposes, is now being 
created. 

In both regional cases, the leading sector of the regional 
economy is the power production. Thus, it is of paramount im- 
portance to be able to choose properly the direction of the de- 
velopment for this sector; and, in fact, in recent years the TVA 
management was bound to make substantial decisions concerning 
the development of its power capacity. This problem has been 
discussed earlier in this report (Figure 4). In this particular 
process of power generation strategy choice, some individual 
models were used--for forecasting of power demand, assessing 
future generating capacity, siting, etc.--in order to assess the 
consequences of alternative courses of action. But the need to 
create the consistent, comprehensive system of models for power 
planning purposes was realized only after the decision had been 
made. This system will be closely connected in its "upper-level" 
part with the regional forecasting system mentioned earlier. 
"Below" the planning system for power there is an operational 
system that has existed for several years, for power generation 
and water control scheduling and operations for time horizons 
ranging from one year to one half-hour or less. This system 
has never been designed as a whole; moreover, its elements 
operate by two different organizational units within the TVA: 
the Office of Power, and the Division of Water Management. How- 
ever, well-defined embedding of individual models that constitute 
the system in the planning process allows one to view this system 
as a coherent whole within the decisions and computations frame- 
work. The question of the future is, how will this consistent 
operational system be linked up with longer-term power planning 
systems? 

CONCLUSION 

We began by stating our research goals: to describe the 
role of models in planning and decision-making in the TVA and the 
BITPC, and to assess possibilities and needs for further inte- 
grating modeling and decision-making. To summarize, our main 
conclusions are as follows: 

The roZe of modeZs in the TVA and the BITPC. In spite of 
the apparent similarities of the TVA and the BITPC model systems, 
as for example, the general structure and the existence of two 



major subsystems (such as the region as a whole and the leading 
power sector), the role of models and hence of the methodologies 
used for their development differ substantially, mainly due to 
differences in the socio-economic and organizational setting 
(Figure 6). In the TVA, the regional socio-economic subsystem 
has only forecasting purposes, while in the BITPC, it has def- 
inite planning and optimization aims. In the BITPC, there is 
a consistent, comprehensive system for detailed, pre-planned 
studies of long-range planning without, however, evident linkages 
with shorter-term models in, say, the power sector. In the case 
of the TVA, such linkages were created mainly as a result of the 
operational nature of the system. 

O p p o r t u n i t i e s  f o r  i n t e g r a t i o n .  Some of the opportunities 
for integration have already been realized in the BITPC and the 
TVA. The BITPC system appears to be well fitted into the struc- 
ture of long-range planning in the USSR, although the system 
was created to operate outside the planning procedure. In the 
TVA, the integration is best realized at the lower level of man- 
agement, where the models were operational for some time. 

Need f o r  f u r t h e r  i n t e g r a t i o n .  It would be advantageous if 
the BITPC system could be linked with, or extended to include, 
the shorter-term and operational considerations, and indeed such 
efforts are being made on a somewhat limited scale. In the TVA, 
the trend is to build bigger interlinked systems for managerial 
purposes, but integrating these systems into the managerial de- 
cision-making process requires much work. 

It is our general point of view that in both cases--as in 
many others--there exists a substantial need for linking descrip- 
tive or optimizing models and model systems more strongly to the 
decision process. Such integration could possibly be achieved 
by modeling the decision process through decision theoretic 
models of the decision maker's values and opinions, along the 
lines of decision analysis. The formal representation of the 
decision process would then allow one to fit models of the deci- 
sion object more tightly into decision-making, either as impact 
models (that describe or forecast the behavior of the decision 
object in terms relevant to the decision maker), or as optimiz- 
ing models (that use the inputs of decision analysis for struc- 
turing and parameterization purposes). 
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Discussion 

(R. Ostrowski, Rapporteur) 

The discussion centered on integrated regional development 
(IRD), organizational analysis, and model application in the 
decision-making process. The presentation on th'e study of 
organizational aspects of regional development programs gave 
preliminary findings from five cases. The study was evaluated 
as an important attempt to apply organizational theory to re- 
gional projects. Further research on this subject could pro- 
vide valuable results for policy makers. 

The question arose whether the five cases were representa- 
tive of actual and future regional development programs, espe- 
cially those implemented in highly developed countries. The 
suggestion was made that future studies consider more explicitly 
the role of different socio-economic systems in the organization 
process of IRD programs. This is important especially for the 
transfer of experience from case to case where there are dif- 
ferences in the degree of participation of local and regional 
groups in the planning and decision-making processes, and in the 
capability of existing organizational units to use the experience. 

One important point was made about the framework of organi- 
zational studies. The type of organizations needed for imple- 
menting an IRD program should relate to the content of the plan- 
ning process. The analysis of organizational structures should 
take into account the goals, policies, strategies, and instru- 
ments of the various regional projects. 

Two suggestions were made for further studies of the organi- 
zational structure of IRD programs. The effectiveness of organi- 
zational forms of IRD programs in terms of goal achievement should 
be evaluated. It is essential to be able to predict the next 
stage of program development, as defined by goal evaluation on the 
basis of the previous stage. The second suggestion concerned 
investigating time lags between changes in the planning process 
and changes in organizational structure, taking into account the 
legal and institutional systems and other characteristics of the 
national setting. 

Another issue discussed was the role of program designers, 
management interpreters and researchers who create ideas within 
the management development process. Understanding the behavior 
and motivations of these "social engineers" is important for 
investigating the organizational dimension. The relationship 



of these social engineers and the organizational controllers 
who provide guidelines for their work should be studied. The 
research should determine the positive factors in these rela- 
tionships. 

Several comments were made about the role of mathematical 
models and computer applications in the decision-making process 
of IRD programs. The two regional programs discussed in the 
foregoing presentations have achieved valuable results, due in 
part to the application of formal methods and computational 
techniques. This occurred even though the development of the 
models started later than the development of the programs, and 
the application of the models in the two cases differed greatly. 

Support was expressed for the IIASA clearinghouse function 
with respect to models and systems in planning and management. 
These activities might ultimately lead to the elaboration of 
appropriately generalized planning tools for IRD purposes. 

The discussion then focused on the role of people in the 
planning and managerial processes. The first point raised con- 
cerned incorporating various social interests in the modeling 
of the decision object. The interaction between the formal and 
informal, technical and human aspects of the decision-making 
process was considered, along with the problem of including in 
the process those individuals and groups affected by it. The 
second point dealt with the interlinking of models within the 
system, and the need for considering possible human interactions 
with the models. Interlinkages within model systems and ways of 
integrating submodels differ from case to case. Nevertheless, 
there should always be provisions for possible human interven- 
tion and end-user interpretation of variables and results of 
various subunits, i.e., creating man-based rather than automatic 
linkages. 

Another question concerned the appropriate choice of re- 
search objects, based on joint considerations of model systems 
and decision theoretic approaches. The proposal was made to 
consider large industrial undertakings as better structured and 
more readily quantifiable than IRD programs. This problem was 
thoroughly discussed during the second part of the session on 
the steel case. 

The discussants then turned their attention to the third 
issue--approaches to the study of integrated regional develop- 
ment. IRD programs deal with highly complex socio-economic 
systems, and include various problems concerning the development 
of industry, agriculture, technical and social infrastructure, 
human resources, and other economic and social factors. 

An interdisciplinary approach is needed for studying manage- 
ment problems connected with IRD programs. This can provide 
valuable results for many countries. The selection of the large- 
scale planning projects for investigation at IIASA was generally 



supported during the discussion. Suggestions were made con- 
cerning the content of these studies and the possibilities for 
transferring the experience gained. 

IRD programs differ from programs for the physical develop- 
ment of subareas within countries. Criteria for evaluating 
these programs after they have been designed and implemented 
should be established. These criteria should cover such factors 
as regional articulation of national (or international) exogenous 
factors, intersectoral relations, development of coordinating 
mechanisms, and relations between the program's boundaries and 
the existing administrative structure. 

The major emphasis of the cases in the foregoing presenta- 
tions was on developing natural resources. This is typical 
for rather underdeveloped regions. The question arose whether 
the approach used in these cases and the experience obtained 
could be transferred to regional programs in highly developed 
areas. Projects in the latter areas are characterized by changes 
in the structure of already developed or settled regions, ex- 
pressed by the transfer from the primary to the secondary struc- 
ture, or by the shift from industry to service activities--all 
of which is greatly influenced by the existing population. 

The selection of the two main cases--the Tennessee Valley 
Authority (TVA), and the Bratsk-Ilimsk Territorial Production 
Complex (BITPC) was in part restricted by IIASA commitments. 
However, taking into account the comprehensive approach used 
in both cases and the results obtained, this experience is highly 
relevant to other projects. 

Another point was raised in connection with the approach 
for studying the various cases. A comprehensive approach in- 
volves mainly organizing field studies and analyzing both formal 
and informal records set up on the basis of broad communication 
with various managerial bodies, units involved in the program, 
organizations and agencies outside the program, and the public. 





The S t e e l  Case: 

Conceptual  Framework and H i e r a r c h i c a l  C o n t r o l  Approach 

I .  Lefkowitz 

I would l i k e  t o  summarize some of  t h e  s a l i e n t  f e a t u r e s  o f  
t h e  I n t e g r a t e d  I n d u s t r i a l  Systems (11s) p r o j e c t - - i t s  g o a l s ,  
o r i e n t a t i o n ,  conceptua l  approach and accomplishments. 

F i r s t ,  I want t o  pay my r e s p e c t s  t o  t h e  l a t e  P r o f e s s o r  
C h e l i u s t k i n ,  who shared  w i t h  me t h e  l e a d e r s h i p  o f  t h e  p r o j e c t  
and who passed away a  few months ago. C h e l i u s t k i n  brought  t o  
t h e  p r o j e c t  many y e a r s  of  expe r i ence  i n  t h e  a r e a  o f  systems 
c o n t r o l ,  w i t h  s p e c i f i c  e x p e r t i s e  i n  i t s  a p p l i c a t i o n  t o  t h e  s t e e l  
i n d u s t r y .  H e  was e n t h u s i a s t i c a l l y  committed t o  t h e  g o a l s  of  t h e  
r e s e a r c h  program, and devoted c o n s i d e r a b l e  energy and e f f o r t  t o  
t h e i r  f u l f i l l m e n t .  He exempl i f ied  t h a t  s p i r i t  o f  i n t e r n a t i o n a l  
s c i e n t i f i c  c o o p e r a t i o n - - p a r t i c u l a r l y  East-West--that Howard R a i f f a  
r e f e r r e d  t o  i n  h i s  remarks.* A s  a  r e s u l t ,  we developed a  good 
working r e l a t i o n s h i p  a s  p r o j e c t  co - l eade r s ,  and a  warm p e r s o n a l  
r e l a t i o n s h i p  nour i shed  by mutua l  r e s p e c t  f o r  o u r  commonali t ies  
a s  w e l l  a s  o u r  d i f f e r e n c e s .  

A s  Hans Knop mentioned i n  h i s  i n t r o d u c t i o n ,  I w i l l  r e s t r i c t  
my d i s c u s s i o n  t o  t h e  main a c t i v i t y  o f  t h e  I I S  p r o j e c t  i n  t h e  
pe r iod  1974-1975, d u r i n g  which I was d i r e c t l y  involved  i n  t h e  
p r o j e c t .  

The p r o j e c t  began t o  be  formal ized  a s  a  r e s u l t  of a  p lan-  
n ing  con fe rence  h e l d  i n  October  1973. The p a r t i c i p a n t s  g e n e r a l l y  
agreed  t h a t  r e s e a r c h  on i n t e g r a t e d  c o n t r o l  of i n d u s t r i a l  systems 
was a n  impor tan t  a c t i v i t y  a r e a  f o r  IIASA: they  a l s o  f e l t  t h a t  t h e  
p r o j e c t  should  focus  on a  s p e c i f i c  i n d u s t r y  i n  i t s  i n i t i a l  e f f o r t  
s o  t h a t  t h e  a p p l i e d  a s p e c t s  o f  t h e  systems a n a l y s i s  would be both  
a p p r o p r i a t e  and r e a l i s t i c .  S p e c i f i c a l l y ,  t h e  s t e e l  i n d u s t r y  was 
proposed a s  a  f i r s t  c and ida t e  f o r  s tudy  by t h e  IIASA group.  

The I I S  p r o j e c t  pe rce ived  a s  i t s  o v e r a l l  g o a l  t h e  a p p l i -  
c a t i o n  of  t h e  systems approach t o  t h e  i n t e g r a t i o n  of  i n fo rma t ion  
p roces s ing ,  decis ion-making and c o n t r o l  f u n c t i o n s  of  i n d u s t r i a l  
sys tems,  i n  o r d e r  t o  ach i eve  an  op t ima l  o v e r a l l  performance. 
Among t h e  mo t iva t ing  f a c t o r s  f o r  t h e  i n t e g r a t e d  systems approach 
were t h e  i n c r e a s e  i n  p r o d u c t i v i t y  and o p e r a t i n g  e f f i c i e n c y ;  t h e  
improvement o f  product  q u a l i t y  (and q u a l i t y  c o n t r o l ) ;  t h e  e f f e c -  
t i v e  u t i l i z a t i o n  of r e s o u r c e s  ( e . g . ,  raw m a t e r i a l s ,  energy ,  l a b o r ) ;  
t h e  a s su rance  of  compliance wi th  t e c h n o l o g i c a l  and environmental  
c o n s t r a i n t s ;  t h e  a b i l i t y  o f  t h e  p l a n t  o r  t h e  e x t e r n a l  envi ron-  
ment t o  adap t  t o  t ime va ry ing  c o n d i t i o n s ;  and t h e  maintenance 

* 
See Volume 1, Creating a n  International Research Institu- 

tion. 



of system integrity, i.e., the assurance that the production 
facilities remain viable in the face of unusual or catastrophic 
events. (This is similar to the concept of resilience discussed 
by W. Hafele* and by C.S. Holling** in their presentations.) 

The project was formally instituted around the middle of 
1974; its immediate objectives were to develop some general con- 
cepts of integrated systems control, e.g., multilevel and multi- 
layer hierarchical control concepts; to study and evaluate inter- 
national experiences in integrated systems control; and to 
develop the case study of the steel industry. 

Among the results of the first year's effort are the 
following: 

- Preparation of a state-of-the-art review of inte- 
grated systems control, as applied to the steel 
industry, based on visits to steel works and re- 
search institutes in many different countries, dis- 
cussions with leading practitioners and theorists in 
the field, literature reviews, etc. 

- Formulation of new results concerned with the temporal 
multilayer control hierarchy; these results were 
strongly motivated by the steel study. 

- An international conference on the state-of-the-art 
review of integrated systems control in the steel 
industry, held at IIASA on 30 June to 2 July 1975. 

There were several reasons for selecting the steel industry 
as the first system for studying the integrated systems approach. 
First, steel is a basic industry that is of direct interest to 
most of the countries supporting IIASA. Second, it is a very 
complex industry with a wide variety of different types of pro- 
cessing and manufacturing facilities, hence it is rich in the 
broad spectrum of systems problems likely to be encountered in 
industrial applications. Third, and most important, the steel 
industry at present represents perhaps the most advanced area of 
technology with respect to applying computers for real-time in- 
formation processing and decision-making. Thus, it was felt 
that the steel industry provided a good base for our investigation. 

Having settled on the subject of steelmaking, the next 
step was to carry out a state-of-the-art survey based on infor- 
mation in literature, plant visits and discussions with various 

* 
See Volume 1. 

* * 
See Volume 1. 



experts in the field. Our major objectives were to determine 
the leading edge of current planning, scheduling, and production 
control functions and their integration as practiced in advanced 
steel works worldwide to identify the problem areas and limi- 
tations inherent in current practices; and to identify people and 
information sources (e-g., simulation models) that could be use- 
ful in further developing the project. 

As stated earlier, the primary purpose of the survey was to 
identify what are the most advanced practices in planning, schedul- 
ing, and production control, and how these are implemented and coor- 

dznated to achieve systems integration. 

In general terms, the steelmaking process is simple. Iron 
is extracted from iron ore by heating the ore together with coke 
in a blast furnace. The resulting molten iron contains many 
impurities that are removed by reacting with oxygen in a basic 
oxygen furnace (BOG). The produce is called steel; it is formed 
into slabs that go through a variety of processes, involving all 
kinds of rolling, shaping, and heating and cooling operations to 
produce the various kinds of products typical of the industry. 

In actuality, the system is enormously complex. There are 
many operations in series, one dependent on the other. There are 
also multiple paths of great variety leading to a tremendous 
degree of freedom, i.e., decision variables to be determined by 
the controller or the decision maker. 

This induces many problems with regard to system structure 
and organization, the tracking of materials in process, trans- 
mission and handling of huge quantities of information, data 
bases, and so forth. In my discussion, I will relate only to the 
decision-making and control aspects of the problem. 

There is considerable interaction among the processing units. 
For example, in Figure 1 we see the block diagram of a small part 
of the steelmaking process consisting of the basic oxygen furnace, 
where iron is converted to steel; the continuous casting machine 
(CCM), where the molten steel is cast into slabs of specified 
width and thickness; the slab yard, where the slabs are stored 
until scheduled for rolling; the hot strip mill (HSM), where the 
slabs are rolled into thin strip according to customer specifi- 
cations; and the coil storage yard, where coils of steel strip 
are stored until ready for the next operation or shipment. 

Each processing unit has associated with it a control unit 
responsible for the proper operation of the process, in relation 
to locally defined objectives and constraints. 

There exist various conflicts among the control objectives 
of the processes identified in Figure 1. For example, the HSM 
scheduler wants to maximize the throughput of a steel strip. 
However, this throughput is greatly affected by constraints im- 
posed on the sequence of slabs rolled, and these constraints are 
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related to the period of roll changes in the mill--six to eight 
hours for working rolls, eight to ten days for backup rolls. 
Thus, to maximize mill efficiency, many changes in slab dimensions 
and the steel composition would normally be required. However, 
the BOF process is still very much of an art, and every time 
there is a change in grade there is uncertainty with regard to 
the ability to satisfy grade standards. Hence, the BOF scheduler 
wants to minimize the number of grade changes. For similar 
reasons, the CCM scheduler wants to minimize the frequency of 
changes in slab dimensions, also in conflict with the HSM 
scheduling objectives. 

A natural solution to the problem is to decouple the HSM 
from the preceding processes through a slab storage facility, 
the slab yard of Figure 1. However, such factors as in-process 
inventory costs and costs associated with weathering limit the 
time that slabs are stored. 

The objective of the production scheduler is to coordinate 
the local schedulers/controllers so that the system operates at, 
say, minimum cost consistent with delivery schedules, technolo- 
glcal constraints and coupling requirements. 

Another example of interaction is shown in Figure 2, which 
depicts an expansion of the HSM process into a furnace subsystem 
and a rolling mill subsystem. A coupling variable of interest 
is the slab temperature, since the efficiency of both subsystems 
is affected by this variable. Thus, an increase in the slab 
temperature will tend to increase the fuel requirement per slab, 
and may also decrease the furnace capacity. On the other hand, 
the higher slab temperature may result in less power consumption 
by the rolling mill; it may also have an effect on the through- 
put rate. Clearly, there is a need for coordination, i-e., 
specification (at a higher level) of the slab temperature to be 
achieved by the furnace controller, so that overall performance 
of the HSM system is maximized. Note that the furnace subsystem 
controller can proceed to optimize furnace operation (say, to 
minimize fuel consumption) with the specified slab temperature 
acting as a constraint. Similarly, the mill controller may 
optimize mill performance based on a feed forward of actual slab 
conditions (including temperature), with given final strip 
conditions as constraints to be satisfied. 

These experiences and observations suggest a multilevel 
hierarchical control structure (Figure 3). The plant to be 
controlled is generally complex, nonlinear, multivariable, and 
subject to many kinds of constraints. As a result, it may be 
extremely difficult to obtain a solution for the overall con- 
trol problem (e.g., to derive a control algorithm for optimum 
system performance). The strategy is obvious: we decompose 
the plant system into a set of less complex subsystems, each 
with its own controller. Note that, in addition to the control 



Figure 2. Expansion of the hot strip mill (HSM) subsystem. 

inputs, each subsystem is subject to interaction inputs gener- 
ated by other subsystems, and also to various external disturb- 
ance inputs. The local controller responds to information 
describing the state of the subsystem, as interpreted through a 
local model and a local objective function. 

Since the subsystems are complex, decentralized control 
as described will not necessarily be compatible with overall 
system objectives. Thus, it is necessary to coordinate the 
actions of the local controllers via a second-level controller. 
The coordinator defines targets, constraints or other means for 
influencing the first-level controllers, based on information 
from the system which, in effect, relates to the neglected 
interaction variables. This two-level structure expands readily 
to n-levels, as shown in Figure 4. 

There is a large body of literature on multilevel theory 
for decomposition and coordination. We shall not go into it 
here except to comment that, while there is broad applicability 
of the underlying concepts of the theory and its qualitative 
aspects, there remains a substantial gap between its quantitative 
and analytical contributions and practical applications. 







I n  summary, t h e  m u l t i l e v e l  c o n t r o l  h i e r a r c h y  c o n v e r t s  a  
l a r g e  complex problem ( t h a t  cannot  be handled)  i n t o  a  s e t  of 
more e a s i l y  managed sma l l  problems. 

I n  t h i s  p roces s ,  t h e  system is decomposed a long  l i n e s  of 
weak i n t e r a c t i o n ,  and t h e  r e s u l t i n g  subsystems a r e  coo rd ina t ed  
t o  r e c o n c i l e  l o c a l  c o n t r o l  o b j e c t i v e s  t o  o v e r a l l  g o a l s .  I n h e r e n t  

t h e  s t r u c t u r e  a r e  feedbacks t h a t  compensate f o r  changes i n  
i n t e r a c t i o n  v a r i a b l e s ,  d i s t u r b a n c e  i n p u t s ,  and t ime-varying 
parameters .  Moreover, t h e  subsystem c o n t r o l l e r s  a c t  t o  s a t i s f y  
l o c a l  c o n s t r a i n t s  and t o  op t imize  w i t h  r e s p e c t  t o  l o c a l  p e r f o r -  
mance c r i t e r i a .  I n  t h e  m u l t i l e v e l  s t r u c t u r e ,  each c o n t r o l l e r  
s e r v e s  t o  ma in t a in  aggrega ted  v a r i a b l e s  a t  v a l u e s  de te rmined  by 
i t s  suprema1 u n i t ,  and,  i n  t u r n ,  s p e c i f i e s  t h e  c o n s t r a i n t s ,  
c r i t e r i a ,  e t c . ,  f o r  i t s  i n f i m a l  u n i t s .  

I n  examining t h e  problem of  i n t e g r a t e d  systems c o n t r o l  a s  
a p p l i e d  i n  t h e  steel i n d u s t r y ,  w e  noted a  spectrum of  c o n t r o l  
f u n c t i o n s  (where c o n t r o l  i s  i n t e r p r e t e d  i n  i t s  b roades t  c o n t e x t )  
c h a r a c t e r i z e d  by temporal  a t t r i b u t e s .  Thus, F i g u r e  5 shows a  
tempora l  o r d e r i n g  of decision-making and c o n t r o l  f u n c t i o n s  
commonly i d e n t i f i e d  i n  te rms  of  p l ann ing ,  s chedu l ing  and c o n t r o l .  
The t i m e  s c a l e s  a s s o c i a t e d  w i t h  t h e s e  f u n c t i o n s  range from a  
few minutes  ( c h a r a c t e r i z i n g  t h e  response  t imes  of  t h e  technolog-  
i c a l  p r o c e s s e s )  i n  t h e  c a s e  of p r o c e s s  c o n t r o l ,  t o  p e r i o d s  of 
s e v e r a l  y e a r s  f o r  long-range p lanning .  

PRODUCTION - GI / 
NATURE OF MODEL - 

EMPIRICAL 
LESS DETAIL 

F 
ANALYTICAL 

MORE DETAIL 

Figure 5. Control functions ordered according to  time scale. 



There are also orderings with respect to the nature of the 
models and the degree of uncertainty embedded in the information 
processing, as shown qualitatively by the curves in Figure 5. 
These attributes have direct bearing on the conceptual formula- 
tion of the temporal control as characterized by Figure 6. 

Referring to Figure 6, a multilayer control structure is 
defined where the distinguishing feature is the period of control 

action Tk associated with the kth layer controller, with the 

assumption that 

where L denotes the total number of layers in the hierarchy. 

Each controller has as inputs the current state of the plant 
and its environment, relevant to the local decision-making prob- 
lem; targets and constraints imposed by the supremal controllers; 
feedback from the infimal controller that describes the results 
of prior control actions and serves as a basis for updating sub- 
sequent control actions; and identified contingency events that 
call for an urgent or special response. The output of each con- 
troller may include decisions and actions to be implemented di- 
rectly on the system, targets and constraints for the next lower- 
layer controller; and criteria for corrective action and feed- 
back from the infimal controller. The controlled system cormnuni- 
cates to the controllers via sensors and information processing 
elements (e-g., means for filtering, prediction and aggregation 
of data). The feedback path from controllers to the plant is 
completed through various actuating means ranging from completely 
automated devices to operator actuation via appropriate man/ 
machine interfaces. 

As an illustration of how this conceptual structure fits 
certain aspects of steelmaking practice, we might consider the 

kth layer to be concerned with the annual planning process. The 
plan is generated based on general policies and goals set by the 
long-range plan; on information from sales and market groups on 
which forecasts of demand and supply are predicted; and on infor- 
mation from the plant identifying any significant changes relat- 
ing to production capabilities and constraints. An output of 
the annual plan defines the guidelines for the monthly plan in 
terms of, say, production goals for the next month. It may also 
define for the infimal decision maker the criteria for assessing 
the validity of the model, used in the light of actual experience. 

The feedback is an important part of the hierarchical 
structure. Deviations of actual behavior from that predicted 
by the model may be compensated in a variety of ways: small 
deviations are handled by a modification of previously determined 
target values; large deviations may trigger a recalculation of 
the supremal decision problem (analogous to scheduling with 
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r o l l i n g  h o r i z o n ) ;  and abnormally l a r g e  and p e r s i s t e n t  d - ev i a t i ons  
may l e a d  t o  an  ad jus tment  of  t h e  model parameters  (and perhaps  
s t r u c t u r e )  . 

We n o t e  t h a t  c e r t a i n  d e c i s i o n s  a r e  t o  be implemented d i -  

r e c t l y  by t h e  kth l a y e r ,  e . g . ,  o r d e r i n g  raw m a t e r i a l s  and con- 
t r a c t i n g  f o r  l a b o r .  F i n a l l y ,  p r o v i s i o n s  must be made f o r  emer- 
gency i n p u t s ,  e . g . ,  a  s t r i k e  o r  a  major  equipment breakdown t h a t  
would r e q u i r e  Immediate and u r g e n t  reassessment  of  t h e  p rev ious ly  
d e f i n e d  p l a n .  

I n t e g r a l  w i th  t h e  temporal  h i e r a r c h i c a l  s t r u c t u r e  i s  an 
o r d e r i n g  w i t h  r e s p e c t  t o  t h e  deg ree  of agg rega t ion  of  t h e  model 
used and t h e  i n fo rma t ion  provided .  I n  g e n e r a l ,  t h e  more v a r i -  
a b l e s  e x p l i c i t l y  i nco rpo ra t ed  i n  t h e  model, t h e  more c l o s e l y  t h e  
model w i l l  r e f l e c t  t h e  a c t u a l  behavior  o f  t h e  system, a t  t h e  
expense,  however, of g r e a t l y  i n c r e a s e d  complexi ty.  Th i s  s u g g e s t s  
t h e  suppres s ion  o f  v a r i a b l e s  whose e f f e c t s  on system performance 
tend  t o  average  o u t  ove r  t h e  c o n t r o l  p e r i o d ,  and t h e  agg rega t ion  
of  t h e  remaining v a r i a b l e s  w i t h  r e s p e c t  t o  t h e  decision-making 

ho r i zon .  Thus, we want t o  d e f i n e  t h e  model f o r  t h e  kth l a y e r  
c o n t r o l  f u n c t i o n  and t h e  a s s o c i a t e d  p e r i o d  Tk, s o  t h a t  t h e  n e t  

e f f e c t s  of  d e v i a t i o n s  of  t h e  model v a r i a b l e s  from t h o s e  a c t u a l l y  
observed  f o r  t h e  o p e r a t i n g  system, averaged  ove r  t h e  p e r i o d  T k ,  

do n o t  exceed some e s t a b l i s h e d  e r r o r  t o l e r a n c e .  Note t h a t  Tk w i l l  

g e n e r a l l y  be r e s t r i c t e d  t o  some f i n i t e  s e t  o f  f e a s i b l e  p e r i o d s  
determined by o t h e r  c o n s i d e r a t i o n s ,  e . g . ,  conformance w i t h  t h e  
normal work day o r  work week. 

A s  an  example of  t h e  fo rego ing ,  we c i t e  t h e  h e a t i n g  fu rnace  
p r e v i o u s l y  r e f e r r e d  t o .  A t  t h e  p roces s  c o n t r o l  l a y e r ,  t h e  f u e l  
i n p u t  r a t e  t o  t h e  f u r n a c e  i s  v a r i e d  s o  a s  t o  ma in t a in  a  s p e c i f i e d  
t empera tu re  p r o f i l e .  The model used i n  de t e rmin ing  t h i s  p r o f i l e ,  
however, t e n d s  t o  agg rega t e  t h e  e f f e c t s  of mi sce l l aneous  d i s -  
t u rbances  and t h e  r e s u l t i n g  t r a n s i e n t s ;  t h e  t empera tu re  t a r g e t s  
a r e  based on t h e  n a t u r e  of  t h e  load  and mean o p e r a t i n g  c o n d i t i o n s .  
A t  t h e  s chedu l ing  l a y e r ,  t h e  model assumes a  mean f u r n a c e  tem- 
p e r a t u r e  p r o f i l e ,  b u t  de t e rmines  t h e  c y c l e  t ime f o r  t h e  fu rnace  
a s  a  f u n c t i o n  o f  t h e  cha rge .  F i n a l l y ,  t h e  p lanning  model aggre-  
g a t e s  t h e  c y c l e  t ime  i n  i t s  de t e rmina t ion  of  f u r n a c e  p roduc t ion  
c a p a c i t y .  

Of cou r se ,  t h e  model s i m p l i f i c a t i o n s  a r e  p r e d i c a t e d  on a  
v a r i e t y  o f  impl ied  c o n d i t i o n s  and c o n s t r a i n t s ,  e . g . ,  t h e  techno- 
l o g i c a l  c h a r a c t e r i s t i c s  of t h e  equipment, t h e  d i s t r i b u t i o n  of  
load  c h a r a c t e r i s t i c s ,  t h e  n a t u r e  of e x t e r n a l  i n p u t s ,  t h e  per -  
formance c r i t e r i a ,  e t c . ,  remain r e l a t i v e l y  i n v a r i a n t .  Any s i g n i f -  
i c a n t  change r e l a t i v e  t o  t h e s e  assumptions w i l l  c a l l  f o r  an  
upda t ing  of t h e  a f f e c t e d  models.  

I n  summary, t h e  temporal  m u l t i l a y e r  c o n t r o l  h i e r a r c h y  
p a r t i t i o n s  t h e  c o n t r o l  problem accord ing  t o  r e l a t i v e  t ime s c a l e s .  



The structure provides a basis for aggregation of models and vari- 
ables; a means for reducing the effects of uncertainty with respect to 
future inputs and events ; a rnechmisrn for feedback of experience; 
a criterion for distributing infomation/data according to local needs; 
and a basis for allocating local details and control tusks to appropriate 
units in the hierarchy. 

The multilayer functional hierarchy (Figure 7 )  represents 
a third ramification of the decision-making/control hierarchy. 
The functions represented here are basic to all manifestations 
of real-time control processes; these are identified below. 

The first-kyer (direct control) function implements the 
decisions of the second-layer (optimizing) function. It also 
serves to suppress both various disturbance inputs with respect 
to the second-layer problem, and transient effects so that static 
(rather than the'more complex dynamic) models may be used for 
the higher-layer problems to good approximation. 

The second-layer optimization problem is solved in terms of a 
simplified model of the system. Part of the simplification is 
realized by restricting consideration to only the dominant dis- 
turbance effects relevant to the performance objective. 

The third layer (adaptive)@nction provides for updating of 
the parameters of the model to reflect current experience with 
the operating system. This means that factors that are not of 
primary significance, or that tend to vary slowly or change in- 
frequently, can be eliminated from the problem formulation since 
these factors (disturbances) may be compensated through the 
adaptive function. 

Finally, a fourth-layer (evaluation and self-organization) 
function is identified as the mechanism for inputting into the 
system external considerations, e.g., economic factors, contin- 
gency occurrences, and plant changes, as well as general evalu- 
ations of system performance that may lead to modifications of 
the structure of the control system or of the models used. 

There tends to be the same general ordering with respect 
to time scale and various other attributes, as mentioned earlier 
with respect to the temporal hierarchy. 

To summarize the functional multilayer control hierarchy: 
the original problem is replaced by a set of simplified and 
approximate subproblem formulations; integration of the sub- 
problem solutions to satisfy the objectives and requirements of 
the original problem is then achieved via information feedbacks 
from the operating system. 

Finally, we have abstracted the essential features of an 
integrated control system for a modern Japanese steel works 
(Figure 8). This installation represents the leading edge in 
current technology; however, it is not atypical of current 
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developments in the industry. Figure 8 embraces only a part of 
the system; most of the detail has been deleted to point up 
system aspects relevant to our discussion as they have been 
manifested in real applications. In particular, the hierarchical 
structure is explicit. The information flow paths are well 
defined, with instructions/controls proceeding down the hierarchy 
and information and feedback on results going up. Embedded in 
the system are adaptive functions at every level--some formal 
and explicit, others informal and implicit. Moreover, the 
system is highly computerized, but this does not mean that it is 
completely automated. The human being plays an essential role 
at all levels of the structure: as decision maker where judg- 
mental and experience factors are difficult to quantify and 
model; as overseer to ensure that abnormal occurrences are prop- 
erly perceived and appropriate corrective actions are taken; 
and as one who,carries on, in general, all tasks and responsi- 
bilities to which his talents are particularly suited. 

Thus, references to the control and decision-making 
functions in the various hierarchical structures were not meant 
to imply that these functions were to be carried out automati- 
cally. Indeed, we assumed, in general, a working relationship 
between the human being and the computer-based system. This 
requires an effective set of interfaces for providing the opera- 
tor/decision maker with both ready access to all pertinent infor- 
mation for interpreting the state of the system, and means by 
which he may input his actions and decisions for implementing 
the system. 

Benefits attributed to the integrated systems control of 
a part of the steel works (the heavy plate mill) represented in 
Figure 8 include a 30 percent reduction in operating costs for 
the planning and scheduling departments; a 1 0  percent decrease 
in slab surpluses due to improved planning accuracy; a 20 per- 
cent decrease in lead time required for processing orders; a 
30 percent improvement in yield; better uniformity in the product 
quality; general improvement in the accuracy of management 
decision-making; and a large increase in the annual productivity 
in tons of steel per employee--750 cited for integrated steel 
plants in Japan, compared with about 300 for conventional plants 
elsewhere. 

The steel case study was very instructive. It reinforced 
some of our prior conceptual thinking with respect to the hier- 
archical control structure; it also motivated new insights and 
formulations of the structure. 

The original plan was that steel would be the first of 
several case studies, e.g., a mechanical engineering system and 
a chemical processing system--each expected to point up new 
aspects of the problem of integrated systems control. Prom this 
series of experiences, we expected to be able to extract some 
general concepts and guidelines applicable to a broad class of 
industrial systems. 



Finally, hierarchically-structured integrated systems 
currently exist and others are being implemented. However, 
their design tends to be ad hoc and intuitive. We would like to 
think that the development of more rational and analytically 
based methods for systems design would lead to more complete 
and efficient integration. We would like to see the following: 
criteria for decompositon; means for coordination applicable to 
systems operating in real time; criteria for model simplifica- 
tion and aggregation appropriate to its hierarchical level 
criteria for determining the periods of control action for each 
layer; integration into the hierarchical system considerations 
of information flow rate requirements and data base organization 
and management. 



Discussion 

(G. Surguchev, ~apporteur) 

Three main issues were raised during the discussion on the 
steel case: evaluation of results achieved, proposal for future 
activities, and general considerations. 

Most of the discussants stressed the importance of the 
results of the steel case. One discussant from the USSR stated 
that the Special Scientific Council for Problems of Integrated 
Industrial Control Systems in his country greatly appreciates 
IIASA's activities that have resulted in a more precise formula- 
tion of integration. He mentioned several factors that should 
be considered in applying this concept: integration of technical 
and economic information, information processing techniques 
(e:g., real time methods), hierarchical structure, and control 
objectives. 

A discussant from Poland stressed that from the point of 
view of the Polish Academy of Sciences, the state-of-the-art 
review of integrated systems control in the steel industry is 
useful to the work of IIASA's National Member Organizations 
(NMOS). Some additional comments were made about IIASA's future 
activities in integrated control systems. It was suggested that 
the work on integrated industrial control systems be combined 
with that on industrial complexes. The chemical industry was 
proposed as the next case study, since it has strong links with 
other problems being studied by IIASA. The view was expressed 
that the Advisory Committee on integrated industrial control 
systems would support this activity. It was stated that Poland 
strongly supports continued research on ictegrated industrial 
systems; and that such research is of vital interest to all 
member countries. He proposed that IIASA Study integrated 
management and control of large chemical, petrochemical, and 
allied complexes. 

Attention then focused on present and planned IIASA activ- 
ities in automated management systems. Two activities--to be 
carried out in parallel--were discussed. One is the comparative 
review of large multi-locational automated management systems. 
The systems studied would have comparable functions and complex- 
ity, and would include enterprises in the East and the West. For 
example, manufacturing enterprises in the automobile industry 
could be studied. This work has already begun. 

The second task would involve collaboration with the United 
Nations Industrial Development Organization (UNIDO) on activities 
to solve development problems of automated management systems for 



a group of multi-locational enterprises in Yugoslavia called 
Masinogradsija, Beograd (MAG). The study would include defining 
possible alternative means for increasing the managerial capa- 
bilities of this organization. 

Reference was made to an earlier suggestion that IIASA de- 
vote more attention to transforming existing industrial regions, 
rather than creating new ones. In most NMO countries, there was 
a need for transforming the urban jungle created by the first 
industrial revolution into a new kind of industrial region appro- 
priate to the second industrial revolution. For instance, the 
strip of factories and industrial settlements near San Francisco, 
the "Silicon Valley", is an interesting example of the positive 
and negative features of the spontaneous development of a new 
industrial region. 

Concerning computer-based management, it was felt that IIASA 
should regard this as a separate issue from the computer control 
of production. 

A number of general remarks followed. Several statments 
were made in connection with developing mathematical models of 
industrial complexes. The human element is essential for both 
model development and implementation, not only for complex regional 
development but also for the development of technological models 
such as chemical processing models. While the complex applica- 
tion of the models is very useful, it should not be the only 
basis for decisions. Human judgment based on experience must also 
be involved. As a rule, automated decision-making in large-scale 
complex systems is not a reality at present. 

It was felt that the objectives set out in the IIASA Charter 
could be achieved by studying the spread and intensification of 
industry as well as scientific and technological developments, in 
the light of the problems they have generated and will generate. 
In this way, feedback will be obtained on the effects of science, 
technology, and industry. IIASA's approach, however, has often 
been to look at many different effects and very few cases. This 
has sometimes resulted in pieces of disjointed knowledge, much of 
which is valuable but lacking in unity. Thus there is a need for 
integrating these efforts. 

Support was expressed for an earlier suggestion about closer 
ties between IIASA and industry. Before applying the science of 
management, it is best to understand that which is to be managed. 
Closer contacts would therefore be of mutual benefit to IIASA 
and industry. 



SYSTEM AND DECISION SCIENCES 





Introduction 

M. L. Balinski 

THE PAST 

This brief report is by way of introduction to the area 
known as System and Decision Sciences, its antecedents and 
planned development. 

The System and Decision Sciences area arises from what were 
the Computer Science and the Methodology projects. 

Computer Science, headed from its beginnings to now by 
Alexandre Butrimenko, and whose work is continuing under his 
direction, concentrates on computer networking and its implemen- 
tation as reality for IIASA and various computer centers of the 
IIASA National Member Organizations. It will be described in 
some detail later in this volume by Butrimenko. 

Methodology traces its beginnings to George Dantzig's-- 
and mathematical programming's--arrival at IIASA in September 
1973. With him arrived Alan Manne, then, slightly later, in 
January 1974, Tjalling Koopmans, as well as some young and 
excellent researchers. Howard Raiffa was here too, and he 
brought decision analysis and multiple attributes. These poles 
of methodological interest and activity--optimization and multiple- 
objective decision-making--had persuasive influence throughout 
the applied projects of the Institute. The budworm has suffered 
the consequences of having ecologists' utility functions con- 
structed, simulated, optimized. The Energy program has at its 
roots linear programming models describing potential transitions 
from society's use of fossil to nuclear fuels. 

This prescribed two methodological research foci, which will 
be described to you in some greater detail in this volume by two 
of the principal actors, George Dantzig and ~alph Keeney. The 
leadership of the project then passed on from Dantzig to Koopmans. 
He was instrumental in giving strong impetus to the qualitative, 
structural study of models using topological concepts and the 
fixed-point algorithms recently devised by Scarf and others. 
This, in turn, prompted the discussion of a concept, until lately 
ill-def ined, known at IIASA as "resilience". Originally con- 
ceived by C.S. Holling and his Ecology project as meaningful and 
important for ecological phenomena, resilience was taken as a 
qualitative mode through which to try to understand certain 
planning problems by the Energy project. The methodological 
task came to be that of defining the relevant concepts accu- 
rately, precisely, mathematically. The global theory of dif- 
ferential equations gives the framework for these definitions, 



which a r e  r e l a t e d ,  i n  t u r n ,  t o  a  b r i g h t  new c h i l d  of  t h e  math- 
ema t i ca l  world,  c a t a s t r o p h e  theo ry .  The concep t s  g e n e r a l i z e  
more c l a s s i c a l  s t a b i l i t y  i d e a s .  Respons ib le  f o r  t h i s  work 
were Hans Richard Grumm, whose p r e s e n t a t i o n  appea r s  i n  t h i s  
volume, David B e l l ,  John C a s t i ,  and Yuri  Rozanov. 

Th i s  phase of  a c t i v i t i e s  found i t s  culmina t ion ,  a s  it were,  
i n  two workshops. The f i r s t ,  he ld  i n  t h e  summer of  1975 ,  and 
organized  by Koopmans, assembled mathemat ic ians ,  e c o l o g i s t s ,  
p h y s i c i s t s ,  chemis t s ,  and c l i m a t o l o g i s t s  under t h e  t i t l e  
Computing E q u i l i b r i a  and Reg ions  o f  S t a b i l i t y .  The second,  
r e a l i z e d  by Keeney and R a i f f a ,  e n t i t l e d  D e c i s i o n  A n a l y s i s  
W i t h  M u l t i p l e  Conf Z i c t i n g  O b j e c t i v e s ,  brought  t o g e t h e r  some 
t h e o r e t i c i a n s  and r e a l  u s e r s  of  t h a t  t heo ry .  

I n  t h e  i n t e r i m ,  a s  t h e  l e a d e r s h i p  passed  on,  i n  t u r n ,  from 
Koopmans t o  William Jewe l l ,  and w i t h  t h e  growth o f  IIASA, t h e  
broadening o f  i t s  i n t e r e s t s ,  and an i n c r e a s i n g  and con t inu ing  
i n t e r a c t i o n  of  a p p l i e d  mathemat ic ians  w i t h  a p p l i e d  p r o j e c t s ,  
came a l s o  a  broadening "coverage" of r e p r e s e n t a t i v e  methodolog- 
i c a l  s k i l l s  i n  t h e  s t a f f  o f  t h e  Methodology p r o j e c t .  Th i s  is  
good f o r  one of  o u r  main r o l e s ,  t h a t  of  c o n s u l t a n t  t o  o t h e r  
p r o j e c t s .  But it i s  bad i n  two a l l i e d  d i r e c t i o n s .  To do good 
methodologica l  r e s e a r c h  it is  e s s e n t i a l  t o  l i m i t  t h e  d i f f u s i o n  
of i n t e r e s t s ,  and r a t h e r  t o  have some commonality of  i n t e r e s t .  
And t o  a t t r a c t  f i r s t  r a t e  c o n s u l t a n t s ,  t h e r e  must be a  congen ia l  
r e s e a r c h  atmosphere, one i n  which t h e r e  a r e  common f o c i  o f  
r e s e a r c h ,  j u s t  a s  t h e r e  was a t  t h e  beginning.  So w e  f a c e  t h e  
c l a s s i c a l  c o n f r o n t a t i o n  of  b r e a d t h  v e r s u s  depth .  

THE PROBLEM 

The problem of  t h e  System and Decis ion  Sc i ences  a r e a  a t  
IIASA is  t o  be  i n t i m a t e l y  involved  i n  t h e  ongoing work o f  t h e  
a p p l i e d  p r o j e c t s  and, a t  t h e  same t ime,  t o  do f i r s t  r a t e  method- 
o l o g i c a l  r e sea rch .  One c o n s t r a i n t  i s  t h e  modest s i z e  o f  s t a f f  
which p rec ludes  having i n  r e s i d e n c e  more t han  j u s t  a  few o f  t h e  
s p e c i a l t i e s  e x p l i c i t l y  o r  p o t e n t i a l l y  neces sa ry  t o  t r e a t  problems 
a r i s i n g  i n  a p p l i c a t i o n s .  Another is  t h e  p e c u l i a r i t y  o f  IIASA 
a s  a  r e s e a r c h  i n s t i t u t i o n :  it has  no permanent members. Th i s ,  
o f  cou r se ,  r e s o l v e s  one o f  t h e  p o t e n t i a l  t h ink - t ank  problems: 
t h a t  of  r e s e a r c h  groups becoming s t a l e .  Rather ,  appointments  
a r e  made f o r  p e r i o d s  va ry ing  between t h r e e  months and two t o  
t h r e e  y e a r s .  Th i s  means, i n  my op in ion ,  t h a t  no r e a l l y  long- 
term r e s e a r c h  p r o j e c t s  can b e  meaningfu l ly  under taken .  And 
f u r t h e r  t h a t  t h e r e  w i l l  a lways b e  a  changing i n t e n s i t y  o f  i n t e r e s t  
i n  r e s e a r c h  t o  be undertaken.  T y p i c a l l y ,  a  focus  of r e s e a r c h  w i l l  
be i d e n t i f i e d ,  b u i l t  up, w i l l  l a s t  a y e a r  o r  two, beginning  and/or  
ending  w i t h  a  workshop o r  a  meeting b r i n g i n g  t o g e t h e r  an i n t e r -  
n a t i o n a l  group of  s c i e n t i s t s  wi th  e x p e r t i s e  i n  t h e  a r e a ,  t hen  
w i l l  phase o u t .  One of  t h e  hopes and e x p e c t a t i o n s  i s  t h a t  t h e  



i n t e r n a t i o n a l  g a t h e r i n g  of  t h e  group i t s e l f ,  and perhaps o f  t h e  
a t t e n d e e s  o f  t h e  p r o f e s s i o n a l  f u n c t i o n s  o rgan ized  h e r e ,  w i l l  
c o n t i n u e  t o  i n t e r a c t  i n  t h e  f u t u r e ,  independent ly  of  IIASA, a s  
i n d i v i d u a l s  o r  a s  r e p r e s e n t a t i v e s  o f  t h e i r  r e s p e c t i v e  i n s t i t u t i o n s .  

I n  t h i s  p e r s p e c t i v e ,  t h e  System and Decis ion  Sc i ences  a r e a  
should  form s e v e r a l  r e s e a r c h  groups ,  each  having a  "permanent 
s t a f f "  ( appo in t ee s  w i th  c o n t r a c t s  of  a t  l e a s t  one  y e a r )  o f  some 
t h r e e  o r  f o u r  people.  The axioms d e s c r i b i n g  them should  be: 
a  s u b j e c t  t h a t  i s  r e l a t i v e l y  new and ho lds  much promise f o r  
e x c i t i n g  r e s u l t s ;  a  s u b j e c t  t h a t  is  n o t  c e n t r a l  t o  any e x i s t i n g  
r e s e a r c h  i n s t i t u t e  (avoid ing  c o m p e t i t i o n ) ;  a  s u b j e c t  t h a t  i s  
a t t r a c t i n g  t h e  a t t e n t i o n  o f  s c i e n t i s t s  i n  many n a t i o n s ;  and a  
s u b j e c t  r e l e v a n t  t o  a p p l i e d  t a s k s .  F i n a l l y ,  t o  meet o u r  con- 
s u l t i n g  r o l e ,  a  s t a f f  member of any such  group should  have 
s t r o n g  mot iva t ions  t o  do r e a l  a p p l i e d  work. 

I am aware of  t h e  p o t e n t i a l  c a r d i n a l  s i n  o f  t h e  mathema- 
t ic ian- - though I make no p e r s o n a l  c la ims  t o  p u r i t y - - t h a t  was 
s o  n e a t l y  d e s c r i b e d  by Kar l  Marx, t hen  17 y e a r s  o l d ,  i n  h i s  
f i n a l  examinat ion  theme: "And s o  w e  must be  on guard a g a i n s t  
a l lowing  o u r s e l v e s  t o  f a l l  v i c t i m s  t o  t h a t  most dangerous o f  a l l  
t emp ta t ions :  t h e  f a s c i n a t i o n  of a b s t r a c t  t hough t . "  But ,  i n  
my e s t i m a t i o n ,  groups a s  proposed must run  t h i s  r i s k  s i n c e ,  
o t h e r w i s e ,  no f i r s t  r a t e  methodologica l  t h i n k e r s  w i l l  a g r e e  t o  
come t o  IIASA. 

THE PLANS 

W e  a r e  proceeding  t o  s a t i s f y  t h e s e  axioms, g iven  t h e  con- 
s t r a i n t s ,  i n  t h e  fo l lowing  way. 

A group o f  some t h r e e  t o  f o u r  peop le  i n  t h e  a r e a  of  non- 
d i f f e r e n t i a b l e  o p t i m i z a t i o n  (NDO) i s  be ing  formed. NDO i s  
concerned w i t h  t h e  minimiza t ion  o f  a  r ea l -va lued  f u n c t i o n  t h a t  
i s  n o t  n e c e s s a r i l y  d i f f e r e n t i a b l e ,  n o t  because of anomalous 
behav io r  b u t  r a t h e r  because of  some i n h e r e n t  p rope r ty .  A 
g e n e r a l  c l a s s  of  s t u d i e d  problems i s  min{ f (x ) /x  E X I  where f ( x )  = 
max{g(xry) ;y  E Y). No m a t t e r  how smooth g ( x , y ) ,  f  i s  a lmost  
s u r e l y  s i g n i f i c a n t l y  n o n d i f f e r e n t i a b l e .  A p a r t i c u l a r  i n s t a n c e  
i s  f  ( x )  = max{gi(x);  i = 1 , .  . . , m I ,  o r  even f  ( x )  = maxIx, -XI .  

The Chebycheff approximation problem be longs  t o  t h i s  c l a s s .  
Of perhaps  g r e a t e r  i n t e r e s t  t o  IIASA, i n  view of  a p p l i c a t i o n s  
and p a s t  h i s t o r y ,  i s  t h e  p o t e n t i a l  u se  o f  i d e a s  f o r  NDO i n  
hand l ing  l a r g e - s c a l e  column-generation o r  decomposi t ion problems. 
For  o f t e n  t h e  problem min{f ( x )  ;gi  ( x )  5 01 i s  e q u i v a l e n t  t o  - 
minimizing f ( x )  + K li max{O,gi(x)I f o r  a l l  s u f f i c i e n t l y  l a r g e  K .  

T h i s  group w i l l  be a  r e a l i t y  a t  IIASA beginning  i n  September of 
t h i s  yea r .  F u r t h e r ,  I a m  happy t o  be  a b l e  t o  s ay  t h a t  t h e  
r e a c t i o n  from t h e  b e s t  people i n  t h e  NDO a r e a  t o  IIASA's develop-  
i n g  a  group has  been p o s i t i v e ,  indeed e n t h u s i a s t i c .  



Another group is  be ing  formed i n  t h e  a r e a  of f a i r  d i v i s i o n  
problems. The p r o v e r b i a l  j u s t  sha re  of cake ,  d i s c u s s e d  by 
S t e inhaus ,  i s  a cont inuous  v e r s i o n  of a  f a i r  d i v i s i o n  problem, 
t aken  from a game t h e o r e t i c  p o i n t  of  view. A d i s c r e t e  v e r s i o n  
i s  t h e  apport ionment  of  people o r  o b j e c t s  p r o p o r t i o n a l  t o  s t a t e d  
p o p u l a t i o n s .  The e s s e n t i a l  problem h e r e  i s  t o  a r r i v e  a t  an 
a c c e p t a b l e  d e f i n i t i o n  of  " f a i r n e s s " .  Many seemingly a c c e p t a b l e  
n o t i o n s  founder  on t h e  rocks  of  some p rope r ty .  A f r u i t f u l  
approach i s  t h e  ax iomat ic  one which t r a n s p o s e s  one l e v e l  of 
i n t u i t i o n  concern ing  f a i r n e s s  i t s e l f  t o  a n o t h e r ,  more b a s i c  
s e t  o t  p r o p e r t i e s .  An a l l i e d  q u e s t i o n  is  t h e  a n a l y s i s  of power 
i n h e r e n t  i n  decision-making bod ie s  a s  a  f u n c t i o n  of  t h e i r  formal  
s t r u c t u r e s .  I n  a  word t h i s  r e p r e s e n t s  t h e  combina to r i a l ,  o r  
o r d i n a l ,  approach t o  group decision-making,  t h e  p o i n t  of view 
which r ece ived  c o n s i d e r a b l e  impetus from Arrow's  I m p o s s i b i l i t y  
Theorem, i n  c o n t r a s t  w i t h  t h e  c a r d i n a l  von Neumann-Morgenstern 
u t i l i t y  approach t o  i n d i v i d u a l  o r  j o i n t  d e c i s i o n  making which 
h a s ,  t o  d a t e ,  r ece ived  s o  much a t t e n t i o n  a t  IIASA. I t  i s  a l l  
d i r e c t e d  t o  d e c i s i o n  g iven  m u l t i p l e  c o n f l i c t i n g  o b j e c t i v e s ,  
b u t  t h e  a s s a u l t  i s  from a d i f f e r e n t  q u a r t e r .  I f e e l  t h e  coming 
need f o r  a  s ane  and j u s t  view of  such problems i n  a  world o f  
n a t i o n s  f a c i n g  t h e  p r o s p e c t  of  l i m i t e d  food ,  energy,  and o t h e r  
r e s o u r c e s  a s  w e l l  a s  o f  i n c r e a s i n g  was t e s  which must a l l  be 
sha red .  Again, t h e  e x p e r t s  i n  t h i s  domain have w r i t t e n  o f  t h e i r  
s t r o n g  suppor t  and d e s i r e  t o  p a r t i c i p a t e  i n  t h i s  a c t i v i t y .  
Research i s  a l r e a d y  under  way, and a f u l l - f l e d g e d  group i s  hoped 
f o r  i n  September. 

A t h i r d  group i s  be ing  planned i n  mathematical  economics. 
By t h i s  I mean a group o f  economis ts  who a r e  good u s e r s ,  good 
unde r s t ande r s ,  good i n t e r p r e t e r s  of mathematics  f o r  t h e  s o c i a l  
s c i e n c e s ,  and who have t a s t e  and expe r i ence  i n  t h e  fo rmula t ion ,  
development, and a n a l y s i s  of  models f o r  r e a l  problems. This  
group does  n o t  s a t i s f y  t h e  f o u r  axioms, a t  l e a s t  n o t  y e t .  The need 
f o r  it seems e v i d e n t  a t  IIASA. Econometric modeling i s  i n  
i n c r e a s i n g  demand. I n t e r n a t i o n a l  t r a d e  of  energy ,  food ,  and 
r e s o u r c e s  must be ana lyzed  and unders tood .  Yet we have p rec ious  
few economis ts  w i th  t h e  background neces sa ry  t o  d e a l  w i th  such 
problems. A c l e a r e r  methodologica l  focus  must be i d e n t i f i e d  t o  
form a p rope r  group,  b u t  t h i s  can o n l y  be done i n  an o p p o r t u n i s t i c  
f a s h i o n  which u n f o l d s  a s  a  f u n c t i o n  of  t h e  r e s e a r c h e r s  who a r e  
a v a i l a b l e  and w i l l i n g  t o  come t o  IIASA. 

These groups ,  t o g e t h e r  w i t h  t h a t  of Computer Sc ience ,  w i l l  
be o u r  answer t o  t h e  need f o r  some dep th  i n  r e s e a r c h .  But t h e r e  
a r e  c o n t i n u i n g  needs f o r  coverage.  The r e s i l i e n c e  work, i n  
t heo ry  and a p p l i c a t i o n ,  needs t o  be c a r r i e d  forward i n  coopera-  
t i o n  wi th  o u t s i d e  i n s t i t u t i o n s ,  and is. Mathematical programming, 
i n  i t s  more t r a d i t i o n a l  i n t e r p r e t a t i o n ,  i s  needed, and is r e p r e -  
s e n t e d .  The p o t e n t i a l  t o  apply  c o n t r o l  t heo ry  t o  models a r i s i n g  
from a p p l i e d  work must e x i s t ,  and d o e s .  F u r t h e r ,  each  of  t h e  
members of  t h e  v a r i o u s  groups is n o t ,  and w i l l  n o t  be ,  a  narrow 



s p e c i a l i s t .  Each h a s  a  d i f f e r e n t  background,  a  d i f f e r e n t  r a n g e  
o f  a b i l i t i e s  and  knowledge. I n  a d d i t i o n ,  t h e r e  i s  a  need f o r  
some p r o v o c a t i v e  i n d i v i d u a l s ,  peop le  who have  d a r i n g  i d e a s ,  
who c h a l l e n g e ,  e x c i t e ,  annoy,  and prod .  T o g e t h e r ,  i n d i v i d u a l  
r e s e a r c h e r s  and members of sub-groups p r o v i d e  o u r  answer  t o  t h e  
need f o r  b r e a d t h  i n  sys tems  a n a l y s i s  e x p e r t i s e .  

I hope t h a t  t h i s  approach  t o  s o l v i n g  t h e  p rob lems  o f  t h e  
System a n d  D e c i s i o n  S c i e n c e s  a r e a  a t  IIASA w i l l  indeed  r e a l i z e  
t h e  v i s i o n  o f  Mark Twain: "There  i s  something f a s c i n a t i n g  a b o u t  
s c i e n c e .  One g e t s  such  w h o l e s a l e  r e t u r n s  o f  c o n j e c t u r e  o u t  o f  
s u c h  a  t r i f l i n g  i n v e s t m e n t  o f  f a c t . "  





A PILOT Linear Programming Model for Assessing 

G.B. Dantzig 

INTRODUCTION 

This paper reports on some of the ongoing work on models 
of energy systems at the Institute for Energy Studies and the 
Systems Optimization Laboratory at Stanford University. It 
deals with a dynamic, linear programming model on a pilot scale 
that describes in physical terms technological interactions 
within and across the sectors of the American economy, including 
a detailed energy sector. The general aim of the model is to 
provide information on what the country could achieve in phys- 
ical terms over the long term (say, 30 years), in the face of 
the changing energy picture. 

tlathematical programming models can be used to link the 
activities of the economic sectors with those of a detailed 
energy sector, and to describe interactions over time. They also 
provide comprehensive and effective means for evaluating the 
nature and extent of the impact--on the economy in general, and 
on the living standards in particular--of the realizations of 
various scenarios concerning the availability and mix of raw 
energy and the type of conversion technology used [ 2 1 .  Simple, 
rough calculations below show that any such model can become 
large and perhaps unmanageable if sufficient care is not exer- 
cised in its development. 

The input-output matrix provides a convenient vehicle for 
incorporating into a mathematical programming model the techno- 
logical and many of the economic interactions of the economy. 
Despite its shortcomings, such as constant returns to scale, 
fixed technology and time delays involved in data collection and 
publication, the matrix is attractive because it provides an in- 
ternally consistent and a single, comprehensive data source. 
In its standard published form, it is available as an 87-sector 
matrix. The energy sector may be modeled by approximately 150 
equations per period, including the capacity constraints on activ- 
ity levels of the energy processes and the inter-period capacity 

'S .c. Parikh, Stanford University, collaborated in writing 
this presentation, which is based on [I]. 



carry-over constraints (see for example [ 3 ] ) .  An order of 
magnitude for the number of constraints per period in an inte- 
grated model, with a reasonable level of detail, is therefore 
computed to be 400: 87 for industrial activity, 2 times 87 for 
capacity constraints on industrial activity levels and for capac- 
ity carry-over from one period to the next, and about 150 for 
the detailed energy sector. A 20- to 25-period model (e.9.r a 
25-year annual model, or a 75-year triannual model) would there- 
fore have approximately 8,000 to 10,000 constraints, and many 
more if more detailed input-output matrix and energy sectors 
were employed. While linear programming models of this 
magnitude are not impossible to solve, they would be among the 
largest models built to date. More importantly, preparation, 
testing/validation, and production runs for such a model would 
most likely consume both substantial sums of money and substan- 
tial amounts of time. 

The aim of this exercise is to draw attention to the 
potential model size resulting from indiscriminate modeling and 
the difficulties that may arise; it is not to suggest that one 
build such large models. It is therefore essential that a crit- 
ical and scientific assessment be made of the exact nature of 
the formulation and the scope and limitations of such models. 
In particular, it is important to obtain answers to questions 
along the following lines: 

Formulation. What aspects should be modeled (endogenous), 
what aspects should be assumed (exogenous), and what 
information should flow between periods? What linkages 
between the energy sector and the economy should be formu- 
lated, and how? 

AvaiLability of data. What are the data requirements of 
the model? Are such data available? If not, is it possib1.e 
to obtain satisfactory quick-and-dirty estimates to satisfy 
the immediate needs? What types of studies are needed to 
develop better quality data over a longer term? 

Information from the model. What meaningful information 
can the model provide? What are the different objective 
functions that can be evaluated? At what level of detail 
should the model be formulated to provide the information 
desired? 

Computation of solutions. Can the model be (efficiently) 
solved on the computer? What would be the computatiohal 
costs? What refinements or special purpose algorithms 
exist (that perhaps require further research and) that can 
substantially reduce the computational costs? 

These and other similar considerations point to a need for 
developinq and experimenting with a much smaller model that 
incorporates many, if not all, of the essential features of its 
larger counterpart. Our PILOT Model is an attempt to satisfy 
this need. We believe that it will be small enough so that when 



implemented on the computer, it will have the agility for exten- 
sive experimentation. On the other hand, we expect that it 
will incorporate the most recent available data of sufficiently 
good quality (albeit in an aggregated formlthat the model can 
also be used to generate meaningful scenarios showing how the 
economy might be affected if the energy picture evolves in a 
specified way. 

In what follows, we first describe the model. Next, we 
give a brief and general mathematical statement of the model. 
Finally, we briefly review the current status of the model, its 
mathematical structure, and possible solution approaches. 

DESCRIPTION OF THE MODEL 

In the model, a 23-sector input-output matrix represents 
various industrial processes of the economy (Figure 1). The 
net output of industry, together with net imports, meets the 
national bill of goods for consumption, capital formation and 
government services. The energy demands of the economy are met 
by the activities of the energy sector. The nature and extent 
of the capacity expansion in both the energy sector and the rest 
of the economy are endogenously determined. Finally, the exog- 
enously given work force provides the manpower needed to sustain 
industrial production, energy processing, and capacity expansion. 

RAW 
ENERGY 

RESERVES 
FROM (t -1)  

ENERGY SERVICES CAPACITIES 
RESERVES 
TO (r + 1) TD ( r t l )  
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The detailed energy sector in the model includes the techno- 
logical description of the raw material extraction and energy 
conversion processes (Figures 2 and 3). Uranium mining, milling, 
conversion, enrichment and fabrication, light water reactor (LWR), 
fast breeder reactor, and spent fuel reprocessor are among the 
nuclear fuel-based processes in the model. Oil and gas explora- 
tion and production, oil refining, gas transmission, coal mining, 
power generation using coal, oil, and gas, and coal gasification 
and liquefaction are among the fossil fuel based processes in 
the model. The operating levels of the processing units are 
limited by the available capacities and proven reserves in any 
period. The proven reserves may be augmented by the exploration 
activity. And, raw material imports/exports make up the differ- 
ence between domestic production and usage. 

Among the linkages that interconnect the energy sector and 
the rest of the economy are (Figure 1): energy demands of the 
economy, total manpower available to all sectors (including 
energy) of the economy, favorable balance-of-payments require- 
ment, and bill-of-goods needed for energy processing and capacity 
expansion. 

To mitigate many of the distortions caused by price changes 
and inflation, the industrial process of the national economy 
and the detailed energy sector will be represented in terms of 
physical flows. For the energy sector, this is relatively easy 
because its activity can be treated in Btu terms. For the non- 
energy sector, however, it is more difficult because most indus- 
tries produce a heterogeneous product, thereby creating a need 
for developing a weighted index of the component physical out- 
puts; and the input-output transactions are compiled in dollar 
terms, and money quantities depend on prices as well as on 
physical flows. Moreover, the component prices unfortunately 
vary relative to one another over time, and so do the relative 
magnitudes of the component outputs. If these relative price 
and output variations among the components are assumed to be 
absent, then a weighted index can be conveniently obtained by 
defining a composite product for the heterogeneous industry, using 
base-year prices as weights for base-year outputs. (Unless spe- 
cific allowance is made, this assumption is implicit in any 
temporal input-output model.) The dollar transactions are there- 
fore reinterpreted as physical units of the composite product. 

Whereas the input-output matrix represents the operating 
coefficients of the industrial processes of the economy, the 
capital coefficient matrix represents the amount of industrial 
products needed for a unit of (output) capacity expansion in any 
industrial (or energy) sector [ 4 ] .  Because a portion of the avail- 
able capacity is retired at the end of each period, some capacity 
addition would be required in any scenario just to sustain the 
capacity of a process at a fixed level. This feature of the 
model also makes possible the process substitution. Thus, in the 
detailed energy sector where we expect to incorporate data of 
the new energy conversion technologies--such as coal gasification 
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Figure 2. Light water reactor (LWR) and l i ~ i d  metal fast 
breeder reactor (LMFBR) and technology in the 
energy sector of the PILOT Model. (Suggested 
by T.J. Connolly. Stanford University.) 
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and l i q u e f a c t i o n ,  f u e l  cells ,  and f a s t  b r e e d e r  r e a c t o r s - - i t  w i l l  
b e  p o s s i b l e  t o  examine s c e n a r i o s  where t h e  d i s t r i b u t i o n  o f  
c a p a c i t i e s  a c r o s s  t h e  e n e r g y  c o n v e r s i o n  p r o c e s s e s  e v o l v e s  o v e r  
t i m e  t o  r e f l e c t  t h e  impac t  o f  a  p a r t i c u l a r  set  o f  assumpt ions  
s p e c i f i c  t o  a  s c e n a r i o .  On t h e  o t h e r  hand, t o  a v o i d  t h e  e f f o r t  
and  d i f f i c u l t i e s  i n v o l v e d  i n  c o m p i l i n g  r e l i a b l e  d a t a  o f  a  s i m i -  
l a r  n a t u r e  f o r  e a c h  o f  t h e  o t h e r  s e c t o r s  o f  t h e  economy, t h e s e  
w i l l  b e  i n i t i a l l y  r e p r e s e n t e d  by a  nonvary ing  i n p u t - o u t p u t  
m a t r i x  w i t h o u t  s u b s t i t u t i o n .  

One o f  t h e  p r i m a r y  l i n k a g e s  between t h e  economy and t h e  
d e t a i l e d  e n e r g y  s e c t o r  i s  t h a t  o f  t h e  e n e r g y  s e c t o r  mee t ing  t h e  
demands o f  t h e  economy. These e n e r g y  demands a r e  made up o f  t h e  
f o l l o w i n g  f o u r  components:  e n e r g y  r e q u i r e d  f o r  i n d u s t r i a l  pro-  
c e s s i n g ,  e n e r g y  f o r  p e r s o n a l  ( f a m i l y )  consumption,  n e t  e x p o r t s  
o f  p r o c e s s e d  e n e r g y ,  and e n e r g y  r e q u i r e d  t o  p r o v i d e  government 
s e r v i c e s .  I n  t h e  model,  t h e s e  demands a r e  t r a n s m i t t e d  t o  t h e  
e n e r g y  s e c t o r  i n  t e r m s  o f  t h e  f o l l o w i n g  f o u r  f i n a l  e n e r g y  forms: 
o i l  p r o d u c t s ,  g a s  p r o d u c t s ,  c o a l ,  and  e l e c t r i c i t y .  (An a l t e r n a -  
t i v e  l e v e l  o f  i n f o r m a t i o n  d e t a i l  would c o n s i s t  o f  e i g h t  f i n a l  
e n e r g y  fo rms  t h a t  u s e  t h e  d a t a  d e v e l o p e d  i n  [ S ] ;  see a l s o  
[ 2 , 6 ] .  W e  may e x p e r i m e n t  w i t h  t h i s  form o f  l i n k a g e  a t  a  l a t e r  
d a t e . )  Moreover,  t h i s  same set  o f  demand v a r i a b l e s  i s  employed 
t o  compute t h e  amounts o f  i n d u s t r i a l  goods and s e r v i c e s  r e q u i r e d  
f o r  e n e r g y  e x t r a c t i o n  and p r o c e s s i n g .  (Using d a t a  s i m i l a r  t o  
t h o s e  deve loped  i n  [7], it is  p o s s i b l e  t o  i n c o r p o r a t e  a  f u l l -  
blown o p e r a t i n g  c o e f f i c i e n t  m a t r i x  t o  more a c c u r a t e l y  p r o v i d e  
t h i s  l i n k a g e . )  The l a t t e r  l i n k a g e  a l s o  r e q u i r e s  a  m o d i f i c a t i o n  
o f  t h e  i n p u t - o u t p u t  m a t r i x .  

The a c t i v i t i e s  o f  t h e  d e t a i l e d  e n e r g y  s e c t o r  a r e  r e p r e -  
s e n t e d  i n  two groups :  n u c l e a r ,  and non-nuc lea r .  The non-nuc lea r  
g r o u p  c o n t a i n s  f o r  t h e  most p a r t  t h e  f o s s i l  f u e l  b a s e d  a c t i v i t i e s .  
I t  a l s o  i n c l u d e s  f u e l  f r e e  a c t i v i t i e s  s u c h  a s  h y d r o e l e c t r i c  
and  geo thermal .  

F i g u r e  2  s c h e m a t i c a l l y  shows t h e  e lect r ic  power g e n e r a t i o n  
r e l a t e d  a c t i v i t i e s  o f  t h e  n u c l e a r  f u e l  c y c l e  i n  t h e  model. Nat- 
u r a l  o r  r e c y c l e d  uranium g o e s  t h r o u g h  c h e m i c a l  c o n v e r s i o n  and 
p h y s i c a l  s e p a r a t i o n  and  e n r i c h m e n t  b e f o r e  it i s  f a b r i c a t e d  i n t o  
t h e  f u e l  e l e m e n t s  f o r  t h e  LWR. F u e l  e l e m e n t s  c o u l d  a l s o  b e  
f a b r i c a t e d  from r e c y c l e d  p lu ton ium and uranium. The s p e n t  f u e l  
may b e  r e p r o c e s s e d  t o  r e c o v e r  t h e  p lu ton ium and uranium. The 
l i q u i d  m e t a l  f a s t  b r e e d e r  r e a c t o r  (LMFBR) o p e r a t i o n  i s  s i m i l a r l y  
d e f i n e d  i n  t h e  model. 

F i g u r e  3 shows t h e  a c t i v i t i e s  o f  t h e  f , o s s i l  f u e l  b a s e d  en- 
e r g y  p r o c e s s e s  i n  t h e  model. E x p l o r a t i o n  f o r  e i t h e r  o i l  o r  g a s  
r e s u l t s  i n  a d d i t i o n s  t o  t h e  r e s e r v e s  o f  t h e s e  raw e n e r g y  forms.  
O i l  and  g a s  p r o d u c t i o n  and c o a l  mining a c t i v i t i e s  p r o v i d e  t h e  
raw f o s s i l  f u e l s  t h a t  a r e  t h e n  p r o c e s s e d  i n t o  f i n a l  e n e r g y  forms.  
F o r  o i l ,  t h i s  i n v o l v e s  a  r e f i n i n g  a c t i v i t y  t h a t  p roduces  o i l  
p r o d u c t s  ( e . g . ,  g a s o l i n e ,  h e a t i n g  o i l )  f o r  s a t i s f y i n g  f i n a l  
demands, and o i l  p r o d u c t s  ( e . g . ,  r e s i d u a l  f u e l  o i l )  f o r  u s e  i n  
e lect r ic  power g e n e r a t i o n .  Because o f  t h e  n a t u r e  o f  t h e  l i n k a g e  



by which t h e  e n e r g y  s e c t o r  m e e t s  t h e  e n e r g y  demands o f  t h e  econ- 
omy, t h e  d e t a i l e d  y i e l d  s t r u c t u r e  o f  t h e  r e f i n e r y  o p e r a t i o n s  
1s n o t  r e p r e s e n t e d  h e r e .  N a t u r a l  g a s  is t r a n s m i t t e d  e i t h e r  t o  
m e e t  t h e  f i n a l  demands o r  t o  g e n e r a t e  power. F o r  c o a l ,  t h r e e  
a l t e r n a t i v e  u s e s  a r e  d e f i n e d  i n  t h e  model: t o  m e e t  t h e  c o a l  
demands o f  t h e  economy, t o  g e n e r a t e  power,  o r  t o  produce syn- 
t h e t i c  o i l  and  g a s .  

One o f  t h e  most i m p o r t a n t  l i n k a g e s  i n  t h e  model r e q u i r e s  
t h a t  a l l  c a p a c i t y  b u i l d i n g  b e  c o n s t r a i n e d  by t h e  c a p a b i l i t y  o f  
t h e  economy t o  b u i l d  c a p a c i t y ,  e i t h e r  f o r  c a p a c i t y  e x p a n s i o n  o r  
f o r  r e p l a c e m e n t  o f  t h e  r e t i r e d  equipment  [ 4 ] .  Thus, i n  t h e  model 
t h e  d i s t r i b u t i o n  o f  t h e  c a p a c i t i e s  a c r o s s  t h e  e x p l o r a t i o n ,  pro- 
d u c t i o n ,  and  c o n v e r s i o n  p r o c e s s e s  o f  t h e  energy  s e c t o r  t e n d s  
t o  e v o l v e  g r a d u a l l y  o v e r  t i m e .  I f  t h e r e  were t o o  d r a s t i c  a  change 
i n  t h e  c a p a c i t y  d i s t r i b u t i o n ,  a n  u n u s u a l  amount o f  t h e  economy's 
c a p a b i l i t y  t o  b u i l d  c a p a c i t y  would be d r a i n e d ,  l e a v i n g  a n  i n s u f -  
f i c i e n t  a b i l i t y  t o  b u i l d  c a p a c i t y  o f  t h e  o t h e r  i n d u s t r i a l  
p r o c e s s e s .  On t h e  o t h e r  hand, t h e  economy c o u l d  expand i t s  
c a p a c i t y  e x p a n s i o n  i n d u s t r i e s  ( e . g . ,  c o n s t r u c t i o n ,  i n d u s t r i a l  
machinery)  a t  a n  u n u s u a l l y  r a p i d  pace  t o  m e e t  t h e  need f o r  
a c c e l e r a t e d  changes  i n  c a p a c i t y  d i s t r i b u t i o n .  However, t h i s  
e x p a n s i o n  may b e  a t  t h e  expense  o f  reduced  a b i l i t y  t o  p roduce  
consumer goods ,  t h e r e b y  p o s s i b l y  r e d u c i n g  t h e  s t a n d a r d  o f  l i v i n g  
i n  t h e  s h o r t  r u n .  

T h i s  d e s c r i p t i v e  model c o u l d  be used i n  c o n j u n c t i o n  w i t h  
a  l i n e a r  o r  a  n o n l i n e a r  o b j e c t i v e .  The o b j e c t i v e  c o u l d  be a  
u t i l i t y  f u n c t i o n  t o  measure  t h e  s t a n d a r d  o f  l i v i n g  a c h i e v e d  o v e r  
t i m e ,  t o  minimize dependence on f o r e i g n  o r e ,  t o  maximize energy  
o u t p u t ,  o r  t o  maximize employment. Our i n t e n t  i s  t o  d e v e l o p  
on  a  p i l o t  s c a l e  a  r e a s o n a b l y  a c c u r a t e  g e n e r a l  d e s c r i p t i o n  o f  
t h e  American economy and  a  more d e t a i l e d  d e s c r i p t i o n  of  t h e  
e n e r g y  s e c t o r ,  s o  a s  t o  f a c i l i t a t e  s t u d i e s  o f  t h e  p h y s i c a l  
p o t e n t i a l  o f  t h e  economy under  a l t e r n a t i v e  o b j e c t i v e s ,  changing  
a v a i l a b i l i t y  o f  v a r i o u s  fo rms  o f  e n e r g y ,  c h a n g i n g  d e s i r a b i l i t y  
and ecorlomic f e a s i b i l i t y  o f  energy  c o n v e r s i o n  t e c h n o l o g i e s ,  
and s o  f o r t h .  

The o i l  embargo o f  1973-1974 r e v e a l e d  t h a t  changes  i n  t h e  
e n e r g y  p i c t u r e  c a n  have a  s h o r t - t e r m  e f f e c t  on  t h e  s t a n d a r d  of  
l i v i n g  ( e - g . ,  mi le - long  w a i t i n g  l i n e s  a t  t h e  g a s  s t a t i o n s ) ,  
and  may have  a  long- te rm e f f e c t  on  t h e  s t a n d a r d  o f  l i v i n g  
( e . g . ,  d r a s t i c a l l y  i n c r e a s e d  p r i c e s ) .  Such h i g h e r  p r i c e s  may 
r e f l e c t  n o t  o n l y  t h e  p o l i t i c a l  r e a l i t i e s  o f  t h e  w o r l d ' s  raw 
e n e r g y  m a r k e t s ,  b u t  a l s o  t h e  g r e a t l y  i n c r e a s e d  p h y s i c a l  e f f o r t  
on t h e  p a r t  o f  t h e  American economy t o  p r o v i d e  f rom d o m e s t i c  
s o u r c e s  t h e  e n e r g y  needed t o  o p e r a t e  t h e  economic machinery.  

How w i l l  t h e  s t a n d a r d  o f  l i v i n g  b e  a f f e c t e d  o v e r  t i m e ?  
Our f i r s t  a t t e m p t  a t  i n c o r p o r a t i n g  t h e  s t a n d a r d  o f  l i v i n g  i n  t h e  
model is  a s  f o l l o w s .  W e  d e f i n e  consumption p r o f i l e s  o f  f a m i l i e s  
a t  v a r i o u s  income l e v e l s .  I t  i s  known, f o r  example,  t h a t  a  low- 
income f a m i l y  spends  less d o l l a r s  on  f o o d ,  a l t h o u g h  a  g r e a t e r  



percent of its dollar expenditure is spent on food relative to 
that spent by a high-income family. Whereas a high-income family 
spends more on housing, the housing expenditure represents a 
large percent of total expenditure. We expect to define about 
five to seven such profiles. One possible objective function is 
to maximize the "gross national consumption" (GNC) or, equiva- 
lently, the "average per capita national consumption". 

The purpose of an objective function is to project a path 
for the economy that pushes against its capacities--it is not 
to project a depression economy. However, in examining the 
question of the objective, one is immediately faced with the 
prospect of finding a generally acceptable utility (or welfare) 
function for the entire country--a not too promising task, to 
say the least. A more plausible approach is to incorporate infor- 
mation on national welfare in the objective function and the 
constraints. The maximization of gross national consumption, 
as defined by the income level profiles, is one possibility. 
In any case, one fact is certain. Much experimentation is 
required before a satisfactory objective function approach can 
be realized. 

GENERAL MATHEMATICAL STATEMENT OF THE MODEL 

In the model, there are inter-period and intra-period 
constraints (Figure 4). These are briefly outlined below. A 
more detailed description can be found in [ I ] .  

The inter-period constraints connecting periods t and 
t+l appear below the lower dotted line in Figure 4. These are 
capacity balance constraints, manpower skill adjustment limit 
constraints, and constraints related to raw energy reserves, 
cumulative exploration and production, and intermediate energy 
stocks. The capacity balance (or capacity c/f*) constraints spec- 
ify that the available capacity in period t+l of any activity 
equals its capacity in period t, less retirements plus capacity 
built. Next, the manpower is assumed to be made up of several 
skill groups, e.g., unskilled, skilled, engineers, and managers. 
The manpower skill adjustment limit constraints (i.e., manpower 
c/f) specify the educational and training limitations. This 
set of constraints, together with the intra-period constraint 
that the sum over all skill groups cannot exceed the sum of the 
available work force, provides for changes in the size of skill 
groups to satisfy the manpower needs. 

The following three sets of inter-period constraints are 
intended to keep an accurate record of the energy reserves, curnu- 
lative exploration (and production), and stocks. The reserves 

* 
Carried forward from previous period. 













c o n s t r a i n t s  s p e c i f y  t h a t  

A d d i t i o n s  t o  [:::::z::~] = [R~::~:stin] - r y  i n  p e r i o d  t ] + [ r e s e r v e s  p e r i o d  t in] 

Cumula t ive  e x p l o r a t i o n  i n ,  s a y ,  f e e t  d r i l l e d  (and p r o d u c t i o n  i n ,  
s a y ,  B t u ' s  e x t r a c t e d )  is  d e t e r m i n e d  a s  f o l l o w s :  

e x p l o r a t i o n  E x p l o r a t i o n  
a t  t h e  b e g i n n i n g  o f  a t  t h e  b e g i n n i n g  o f  

p e r i o d  t + l  p e r i o d  t 
I+[ p e r i o d  d u r i n g  t ] 

The p r o d u c t i o n  o f  an  e n e r g y  form may b e  d i r e c t ,  a s  i n  t h e  c a s e  
o f  o i l ,  g a s ,  uranium, e t c . ,  o r  it may b e  a  b y p r o d u c t  o f  some o t h e r  
a c t i v i t y ,  a s  i n  t h e  c a s e  o f  p lu ton ium.  F i n a l l y ,  t h e  s t o c k  ( i n -  
v e n t o r y )  b a l a n c e  c o n s t r a i n t s  f o r  t h e  i t h  energy  form a r e  

S t o c k s  a t  t h e  S t o c k s  a t  t h e  Amount produced Amount used 
k e g i n n i n g  p e r i o d  t + l  O f ]  = [ b e g i n n i n g  p e r i o d  t 3 + [  d u r i n g  I-[ d u r i n g  ] 

p e r i o d  t p e r i o d  t 

Whether a  c o n s t r a i n t  from t h e s e  t h r e e  sets is  i n c l u d e d  i n  
t h e  model f o r  a  p a r t i c u l a r  e n e r g y  form depends upon i t s  need and/ 
o r  v a l i d i t y .  For  example,  one  may l e a v e  o u t  t h e  s t o c k  b a l a n c e  
c o n s t r a i n t  f o r  n a t u r a l  g a s ,  by a r g u i n g  t h a t  g a s  c o u l d  b e  e x t r a c t e d  
o n l y  i f  needed d u r i n g  t h e  p e r i o d .  On t h e  o t h e r  hand,  t h e  exp lo-  
r a t i o n  c o n s t r a i n t  f o r  p lu ton ium i s  i n v a l i d .  The c o n s t r a i n t s  from 
t h e s e  sets i n  F i g u r e  4 a r e  p r e s e n t e d  o n l y  f o r  i l l u s t r a t i o n .  

The sets o f  i n t r a - p e r i o d  c o n s t r a i n t s  a p p e a r  between t h e  
two h o r i z o n t a l  d o t t e d  l i n e s  i n  F i g u r e  4 .  The f i r s t  se t  ( i n v o l v -  
i n g  m a t r i x  b l o c k  D) p r o v i d e s  f o r  mee t ing  t h e  energy  demands o f  
t h e  economy from t h e  energy  s e c t o r .  The n e x t  two sets ( i n v o l v i n g  
m a t r i x  b l o c k s  H 1  and H2) r e p r e s e n t  v a r i o u s  energy  p r o c e s s i n g  
a s p e c t s .  The e n v i r o n m e n t a l  a s p e c t s  o f  e n e r g y  e x t r a c t i o n  and con- 
v e r s i o n  c o u l d  a l s o  b e  i n c l u d e d  h e r e .  The n e x t  two sets ( i n v o l v -  

t 
i n 9  m a t r i x  b l o c k  H3, and v a r i a b l e s  x  . s p e c i f y  t h e  o p e r -  

a t i n g  c a p a c i t y  l i m i t a t i o n s  o f  t h e  e n e r g y  and t h e  non-energy pro-  
cesses. The n e x t  set  ( i n v o l v i n g  t h e  v a r i a b l e s  LNE, and L ~ )  

s p e c i f i e s  t h e  manpower c o n s t r a i n t s  t h a t  f o r  e a c h  o f  t h e  s k i l l  
g r o u p s ,  t h e  manpower used c a n n o t  exceed  t h a t  a v a i l a b l e .  The n e x t  
c o n s t r a i n t s  s t a t e  t h a t  t h e  manpower sum a c r o s s  s k i l l s  c a n n o t  
exceed t h e  t o t a l  a v a i l a b l e  work f o r c e .  The f a m i l y  sum e q u a t i o n  
is  used i n  c o n j u n c t i o n  w i t h  t h e  o b j e c t i v e  f u n c t i o n  d e s c r i b e d  
below. The b a l a n c e  o f  t r a d e  e q u a t i o n  computes t h e  t r a d e  b a l a n c e  
i n  e a c h  p e r i o d  f o r  t h e  purpose  o f  i n c o r p o r a t i n g  a  f a v o r a b l e  
t r a d e  b a l a n c e  r e q u i r e m e n t .  Such a  r e q u i r e m e n t  may b e  imposed 
i n d i v i d u a l l y  i n  e a c h  p e r i o d ,  o r  c o l l e c t i v e l y  i n  s e v e r a l  p e r i o d s .  
F i n a l l y ,  t h e  b i l l - o f - g o o d s  b a l a n c e  e q u a t i o n s  s p e c i f y  t h a t  t h e  



industrial output, together with imports (IMP), meets the final 
demands consisting of personal consumption (Fu) , exports (EXP), 
capacity expansion (CPNEWNE + CP W ) ,  and government expendi- 
tures (G). E E 

Now consider the form of the objective function in the 
model. Broadly speaking, the objective of the model is to maxi- 
mize the discounted vector bill-of-goods received per person, 
summed over time. Suppose that in the base year, the physical 
bill-of-goods for people with consumption level Mk (income less 
taxes and savings in base-year dollars) is: 
k k k  b = [bl,b2 , . . . ,b;lT, k = 1,. . . , K and with MI c M2 < . . . < M ~ .  

t k Let uk be the unknown number of people in period t that receive b . 
t t  t Then, ul + u2 + .. . + uK = P(t), the population at time t. The 

K total bill-of-goods for period t is Fut, where F = [bl, b2, . . . , b ] , 
t t  and ut = [ul, u2, . . - , u;] T. Initially, the overall objective will 

be to maximize discounted gross national consumption (GNC) over 

time, i.e., to maximize zT A GNC (t) , where t=l t 
t t GNC(t) = M u + ... + %uK, and At = weight in period t for dis- 1 1  

counting. Note with caution that the treatment of the objective 
fundtion may change, even drastically, as experiments are per- 
formed on this model and numerical results become available. For 
a discussion of the use of production functions, demand functions 
and other forms of the objective, see [8,9]. 

Finally, unless specific allowance is made, an optimal solu- 
tion to the model may turn out to be such that all (or most) 
capacity is depleted by the end of the time horizon T. Such 
unrealistic end effects can be avoided in several ways. One is 
to put a much higher weight, AT, on GNC(T), the gross national 

consumption in the last period. Such a weight conceptually would 
reflect the present value of consumption beyond T. Another way 
is to specify the terminal capacities generated by an equilibrium 
model or by a steady growth model. For the energy sector, this 
specification could be in gross Btu terms across several pro- 
cesses, thereby allowing for changes in capacity distribution 
across processes. 

FURTHER REMARKS 

The model formulation and data source identification are 
almost complete. Currently, the data are being aggregated and 
a model is being prepared for computer solution. We expect that 
the model will have about 125 equations per period. For a 30- 
year triannual model, there will be about 1,250 to 1,400 equations, 
including the specification of initial capacities and end effects. 
Initially, the model will be solved using the straight simplex 
method of the MPS/370 system. 



To pave a way for economical solution of similar, much 
larger problems with the 8,000 to 10,000 rows referred to earlier, 
it is also expected that the PILOT Model will provide us, at the 
Systems Optimization Laboratory, with a prototype for research in 
solving large-scale linear programming models of energy systems. 

The PILOT Model belongs to a class of models having a stair- 
case structure (Figure 5) that often arises in dynamic linear 
programs. For such time-phased problems, the number of itera- 
tions to optimum may be as high as ten times the number of rows, 
as opposed to the widely experiences two or four times tne row 
count in unstructured problems [ 101 . 

Several special purpose algorithms are under development that 
take advantage of the staircase structure for efficient solution. 
Computational results on some of the methods show that this is 
a partly-proven and a promising research area (see for example 
[11,12,131 1. 

PERIOD 1 PERlOU 2 -- PERIOD T 

& 

Figure 5. Staircase structure of the PILOT Model. 
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Computer Networkinq 

A. Butrimenko 

During the last few years, the development of the computer 
world has been characterized by the creation of national and in- 
ternational computer networks. Expectations of better and more 
effective use of computers are related to the creation of com- 
puter networks. Development of computer networks began almost 
simultaneously during the 1960s in the USA and the UK. Current- 
ly, almost all countries in Europe and North America possess or 
have built a computer communication network. A large-scale 
experiment in the USA--the ARPA network--has significantly in- 
fluenced these developments. A geographical map of this network 
is shown in Figure 1. 

The question arises: except for the progress made thus far 
in data transmission and the interconnection of computers, are 
there further reasons for these expectations? The first and 
most obvious reason is the cost savings and improved services 
that can be realized with the use of computer networks. Figure 
2 shows some results of a University of Illinois study of cost 
savings in a computer center after the ARPA network had been 
set up [I]. Let us look at how these improvements can be 
achieved. First, we nust distinguish between the two parts of 
the computer network: computer c e n t e r s ,  and t h e  communication 
network (overhead needed to connect the centers) that is usual- 
ly based on the packet-switching technique. 

From a methodological point of view, computer networks and 
packet-switching communication have a similar basis, namely, 
resource sharing. 

The first and probably most essential requirement for the 
success of the computer network is that the two resource-shar- 
ing techniques--time sharing and packet switching--occur si- 
multaneously and thus be combined in one system, namely, the 
computer communication network. 

As in any resource-sharing system, economy of scale in- 
creases with the number of users and resources involved. Let 
us look at existing terminal users. Figure 3 shows the compara- 
tive growth of terminal population in the USA and Western Europe 
over the period 1970-1985 [2]. User population development is 
also characterized by significant changes in the share of the 
market of mini, small, medium, and large computers, as illus- 
trated in Figure 4 131.  Moreover, the classes of computers are 
themselves undergoing change. Table 1 shows the expected capa- 
bilities of four future computer classes. 
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BEFORE 
SPRING 1 9 7 2  

To Have t h e  
Same S e r v i c e  
Would R e q u i r e  
a n  I n c r e a s e  o f  

AFTER 
SPRING 1 9 7 2  

ARPA Network 

$ 1  6,00O/Month 

Labor  C o s t s  
Reduced By a 
F a c t o r  o f  

b 2  TO 5% 

Figure 2. Results of study of a computer center 
by the University of Illinois. 

Source: [ I ]  
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Figure 3. (:omparalivc growih of terminal populaliol~h. 
LISA and Wcstc.rn I':urope, 1970-19115. 

S~)urc:c.: [2 1 
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Figure 4. Changes in share of market of 
different-sized computers. 

I n  a d d i t i o n  t o  t h e  r a p i d  i n c r e a s e  i n  t h e  number o f  r emote  
u s e r s ,  many i n s t i t u t i o n s  a r e  now a b l e  t o  a c q u i r e  c o m p u t e r s ,  
t h u s  c o n t r i b u t i n g  t o  t h e  g rowth  o f  p o t e n t i a l  members o f  t h e  
computer  network community. T h i s  deve lopment  i s  a l s o  s e e n  i n  
t h e  r a p i d  d e c r e a s e  i n  t h e  c o s t s  o f  compute r s .  For  t h e  p e r i o d  
1977-1985, t h e  c o s t s  f o r  min icompute r s  a r e  e x p e c t e d  t o  d e c r e a s e  
f rom $10,000-20,000 t o  $7,000-10,000,  and  f o r  l a r g e  compute r s  
f rom $1.5-2.5 m i l l i o n  t o  $1-2 m i l l i o n  [ 4 ] .  

L e t  u s  l o o k  a t  some d e t a i l s  o f  r e s o u r c e  s h a r i n g  t h r o u g h  a  
computer  network.  The m a j o r  s h a r e d  r e s o u r c e s  a r e  p e r s o n n e l ,  
p rograms ,  and d a t a .  Resources  c a n  b e  d i v i d e d  i n t o  t h o s e  a v a i l -  
a b l e  a t  computer  c e n t e r s ,  and  t h o s e  a s s o c i a t e d  w i t h  a  d a t a  com- 
m u n i c a t i o n  network.  Resources  i n  computer  c e n t e r s  a r e  hardware 
( p r o c e s s o r s ,  s t o r a g e ,  d e v i c e s ) ,  s o f t w a r e  (p rograms ,  c o m p i l e r s ,  
d a t a ,  e t c . ) ,  and personneZ.  Resources  i n  a  d a t a  communicat ion 
ne twork  c o n s i s t  o f  Z i n e s ,  nodes ,  a n d  personneZ.  





L e t  u s  examine t h e  r e l a t i o n s h i p  between hardware  and s o f t -  
ware .  C o s t  t r e n d s  i n  ha rdware  and s o f t w a r e  f o r  t h e  p e r i o d  1955- 
1985 a r e  shown i n  F i g u r e  5  [ 5 ] .  A s t u d y  conduc ted  by t h e  IBM 
World T r a d e  C o r p o r a t i o n  [6 ]  shows t h a t  i n  1 9 6 5 ,  p e r s o n n e l  c o s t s  
w e r e  a l r e a d y  h i g h e r  t h a n  ha rdware  c o s t s ,  and t h i s  t e n d e n c y  w i l l  
c o n t i n u e  ( F i g u r e  6 ) .  Thus,  e c o n o m i c a l l y ,  t h e  most s i g n i f i c a n t  
p a r t  o f  s h a r e d  r e s o u r c e s  i s  p e r s o n n e l ,  f o l l o w e d  by s o f t w a r e ,  and 
l a s t l y  by ha rdware .  

1955 1970 1985 
Figure 5. Iiardware/software cost trends, 1955-85. 
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Figure 7a gives a breakdown of costs of resources (express- 
ed as percentages of rental costs) of a computer center and a 
data communication network. We can see that the data communi- 
cation network (overhead) itself (4.3 percent) represents a 
relatively small part of the costs involved in the entire system 
A similar breakdown of the budget of a data communication net- 
work shows the cost of personnel to be 42 percent, of lines 32.5 
percent, and of nodes 25.5 percent (Figure 7b). 

HARDWARE 
40.5 '10 

PERSONNEL 

30.7 '10 

SOFT WARE 
24.5 '10 

DATA COMMUNICATION 
NETWORK (OVERHEAD) 4.3 'lo 

COMPUTER 
CENTER 

DATA COMMLlNlCATlON 1 NETWORK 

Figure 7a. Costs of computer network system 
(expressed as percentages of rental costs). 

1 L I N E S  32.5% 1 

Figure 7b. Costs of data cornrnunicalion network 
(expressed as percerltages ol' renlal costs). 



A noticeable breakthrough in communication technology was 
achieved as a result of the ~acket-switching technique. Figure 8 
shows schematically the difference between well-known channel 
switching (e.g., telephone communication), and packet switching. 
Packet switching is economically preferable for a number of 
reasons--in particular improved resource sharing. Because of 
data transmission, pieces of information packages can be deliv- 
ered with a certain delay; queueing is therefore possible, re- 
sulting in significant improvements in line usage. (This is 
practically impossible by voice communication.) Moreover, be- 
cause information is in the form of data, it is possible to use 
high-speed lines. This is impossible where there is a defi- 
ciency in the channel-switching technique for high-speed chan- 
nels. The third and most significant reason is that the appli- 
cation of modern computer technology makes data processing in 
communication nodes very economical. Figure 9 demonstrates 
the cost differences for packet switching, usinq the ARPA net- 
work as an example [7]. As regards the breakdown of expenses 
for data network operations (Figure 7b) mentioned earlier, we 
can expect some decrease in the costs of nodes and lines, and 
probably of personnel. 

CHANNEL SWITCHING 

PACKET SWITCHING 

Figure 8. Channel and packet switching. 



Figure 9. Costs of data transmission. 

We can now state that economy of the computer network system 
is achieved as a result of sharing the resources of computer cen- 
ters and the data communication network. 

The nature and scope of IIASA's activities have been dis- 
cussed in previous presentations.* Here we shall focus atten- 
tion on the need for the IIASA Computer Network, which has de- 
veloped as a direct consequence of the kind and mode of opera- 
tions at IIASA. 

IIASA began a practical networking activity in 1974 by 
initiating a series of experimental connections. Since then, 
connections have been made from IIASA to Moscow, Bratislava, 
Pisa, Edinburgh and Budapest; from Bratislava to Moscow; and 
from Budapest to Paris. We recognize the ever increasing impor- 
tance of this activity for IIASA, and for international cooper- 
ation in various fields. 

* 
See, for example, presentations by J. Gvishiani and by 

R.E. Levien in Volume 1 . 



In December 1975, IIASA established Steering and Technical 
Committees, composed of representatives from the participating 
computer centers, who meet quarterly. At the last meeting of the 
committees, held in Budapest in April 1976, 19 national institu- 
tions were represented, 12 of whom committed themselves to active 
participation in the IIASA Computer Network. Discussions centered 
on establishing a communication subnetwork. Figure 10 shows the 
hardware allocation for participation in the Network. 

The IIASA Computer Network is viewed as an effective tool 
for the exchange of computer programs and data between IIASA 
and collaborating institutions. It represents a case study of 
the application of systems analysis in an international setting. 
About 60 scientists from participating institutions are involved 
in the development of the Network. 

The first activity--a basic long-term service-oriented 
project--seeks to bridge the information gap between IIASA 
scientists and scientists at participating national institutions. 
Its success will lead to the close integration of larger teams 
at IIASA and at institutions in the IIASA National Member Orga- 
nizations (NMOS), and thus will provide the means for geograph- 
ically distributing the teams. Moreover, it will be possible 
to cover larger areas, and to establish a basis for new fields 
of research currently beyond IIASA's capacity and capability. 

\ GDANSK 

NODE 

HOST 

Figure 10. 11ASA Computer Network. 



In establishing the IIASA Computer Network, we encountered 
a number of problems that are--and will be--common to future 
European and worldwide computer networks. 

Implementation of the Network is based on some guiding 
principles. We adopt existing standards wherever possible; 
where this cannot be done, we promote the development of stan- 
dards for international networking, in cooperation with the 
International Standards Organization (ISO), the International 
Federation for Information Processing (IFIP), and the Comit6 
Consultatif International T616graphique et T616phonique (CCITT). 
Our long-range goal is to connect individual centers in various 
countries, and to establish a base for interlinking the com- 
puter networks in the NMOS, which are obviously developing their 
own rules. The first stage of development concentrated on ex- 
isting computers (hosts and nodes), with the goal of building 
a c o o p e r a t i v e  n e t w o r k  of institutions rather than a t e c h n i c a Z Z y  
a d v a n c e d  n e t w o r k .  During this stage, we restricted our re- 
quirements to include only existing communication facilities 
(basically a dial-up telephone network) since we did not envis- 
age heavy use of the Network at this phase. To facilitate 
access to the Network, we avoided as much as possible modifying 
host operating systems. 

Let us look at some of the problems involved in the develop- 
ment of the Network. Figure 1 1  schematically shows communication 
procedures (usually known as protocols) that must be implemented 

Figure 1 1 .  Protocols in the IIASA Computer Network. 
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at the Network. The fundamental problem is communication be- 
tween two user processes, implemented at various host computers. 
To do this three types of protocols are needed: link, end-to- 
end, and user-to-user. 

At the lowest level is the data link control that is needed 
to arrange error-free transmission of packets between two adja- 
cent packet-switching nodes. The second level--the end-to-end 
protocol--supervises the transmission of the whole message; addi- 
tional procedures are required for communication between the host 
and the Network. The user-to-user protocol makes possible com- 
munication between two remote programs. 

Some of the functions that must be implemented in the nodal 
operating system are discussed below. 

Link  P r o t o c o l .  The HDLC (High-Level Data Link Control) 
procedure is accepted and implemented on a few lines as a basic 
protocol for delivering data between adjacent nodes. The general 
scheme of the HDLC protocol has been proposed by the ISO. Some 
slight modifications have been necessary to adjust it to the low- 
quality telephone lines that are being used in the initial stage 
of developing the Network. These modifications concern mainly 
the symmetrization of the protocol for the primary and secondary 
nodes [El. Analytical studies have been conducted on the opti- 
mal length of the information part of the general form of the 
HDLC format [9] . 

Packe t  Format. There is no standard for the packet format, 
but the International Network Working Group of the IFIP (TC6/WG6.1) 
has tabled two possible standards--called the F and the D stan- 
dards. Our choice is a particular case of the D format that is 
completely compatible with the European Informatic Network (EIN). 

Nodal Opera t ing  Sys tem.  Proposals for a nodal operating 
system were discussed at the last ~echnical Committee held in 
Budapest. It was generally agreed to accept the Hungarian pro- 
posal for the so-called NOTA system [10], with some modifications. 
Work on modifying the system will be started shortly by scientists 
from the NMOS who will work at IIASA. We hope that this proposal 
will be accepted for implementation at a forthcoming meeting of 
the Technical Committee, to be held in Warsaw in early June. 

Some other tasks must also be faced. The practical use of 
available computer facilities depends on the progress in estab- 
lishing a communication subsystem. This can be accomplished 
through close cooperation with PTT (post-telephone-telegraph) 
authorities in participating countries. We are now involved in 
a detailed elaboration of communication system requirements for 
the IIASA Computer Network. Also, special questionnaires have 
been drawn up at IIASA and distributed among the Network partic- 
ipants, with a view to determining the most economic configura- 
tion for the Network. 



At a very early stage, we recognized the need to have a 
clear understanding of user requirements, and to identify their 
interests and potentials. There are some interesting examples 
of remote cooperation with computer usage. 

The IIASA Energy program is currently working on developing 
energy models, of which some have been installed at IIASA and 
others are being transferred to computers available to IIASA. 
However, it is not always possible or feasible to transfer all 
programs to IIASA; considerable manpower is needed. Also, not 
every program can or should be transferred; first it should be 
determined whether its use is feasible. For example, the Energy 
program is interested in models that have been developed and in- 
stalled at the Siberian Power Institute in Irkutsk, and the lat- 
ter also is interested in programs available at IIASA. Both 
groups have requested our help in arranging remote use of the 
programs through the IIASA Computer Network. 

Two new tasks have been initiated at IIASA during this past 
year: the establishment of data banks, and program libraries. 
They will complement the Network activity, thereby providing 
remote access to the IIASA data bank and programs in the NMOS 
and at IIASA. 

Because of the specific characteristics of the IIASA Computer 
Network, we have developed it on a cooperative basis. Of the 
computer centers in the Network, IIASA provides some form of co- 
ordination, although it does not act as headquarters for the Net- 
work. The leading role in a specific area is assigned to a 
particular group. For example, by common agreement, responsi- 
bility for HDLC maintenance was assigned to the Hungarian group. 

Technical papers on computer science networking are issued 
by the Computer Science project (see, for example, [ E l  101. ) 
Working groups on specific topics (e.g., communication require- 
ments and user requirements) have also been established. 

Several workshops on packet protocol have been conducted; 
workshops on such subjects as host-to-host protocols are envis- 
aged. 
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Aspects of Multiple-Objective Evaluation at IIASA 

R.L. Keeney 

INTRODUCTION 

The purpose of applied systems analysis is to improve deci- 
sion-making. This includes obtaining a better understanding of 
the problem, generating creative new alternatives, and improving 
information and communication. Ultimately, all may be used for 
evaluating the alternatives, either formally or informally, and 
for making decisions. 

In prescribing which of several alternatives to select, the 
evaluation should depend on two aspects: 

1. Possible consequences and likelihood of each of the 
alternatives; 

2. Preferences of the decision maker for these consequences. 

If one chooses to formally analyze the overall decision- 
making process to prescribe what should be done, the structure 
of the model may be depicted as in Figure 1. The system model 
characterizes aspect 1 above, and specifies the possible conse- 
quences of each of the alternatives. These consequences indicate 
the degree to which the objectives are achieved. The preference 
model evaluates these consequences. IIASA's research on multiple- 
objective evaluation addresses this part of the overall analysis. 

A l t e r n a t i v e s  B a s i c  Pre ferences  

Eva luat ion  o f  
S Y S ' Y E M  PREFERENCE a l t e r n a t i v e s  

Understanding 
M O D E L  of  t h e  problem 

each  a l t e r n a t i v e  

Current  S t a t e  o f  t h e  World 

Environment 

Energy 

Economics 

S o c i a l  c o n d i t i o n s  

A e s t h e t i c s  

e t c .  

Figure 1. Model to aid decision-making. 



The results of the analysis should be a thorough appraisal of 
each of the alternatives and an improved understanding of the 
implications. 

THE MULTIPLE-OBJECTIVE PROBLEM 

One of the underlying characteristics of the types of 
problems being addressed at IIASA is that they involve multiple 
conflicting objectives. Once inferior strategies, in the sense 
that they are dominated in all objectives, are eliminated from 
consideration, we can increase industrial output only at the 
expense of our environment; we can produce and consume more now, 
but only at the expense of our consumption next year and the 
consumption of future generations; and we can please one interest 
group more only at the expense of others. In each of these 
situations the issue that must be addressed involves trying to 
find some desired (fair, equitable) balance of impacts over the 
various objectives. Addressing this issue requires considering 
value tradeoffs--that is, specifying how much achievement in 
terms of an objective one is willing to forego to increase 
achievement on another objective by a fixed amount. 

Unfortunately, most problems have complications that add 
to the complexity of the value tradeoff issues. One of these is 
intangible factors, as for example, aesthetics in environmental 
problems, pain and suffering in medical problems, and morale in 
organizational problems. Often there are no obvious measures 
for achieving the objectives considered important in a partic- 
ular context. 

A further level of complexity results from uncertainties. 
At the time one evaluates alternatives and makes decisions, it 
is often impossible to predict the consequences of each of the 
alternatives. It is often appropriate to include these uncer- 
tainties in an evaluation of alternatives. 

An issue related to those above and compounding the complex- 
ity of the problem is that of multiple decision makers. For 
many of the problems of interest to IIASA, there is no single, 
clearly designated decision maker. Descriptively, it will be 
important to recognize this in models attempting to describe 
the overall decision-making process. Prescriptively, often the 
problem can be analyzed from the viewpoint of one of the decision 
makers in an attempt to aid his decision. However, it may be 
worthwhile to aggregate the preferences of many of the decision 
makers so as to evaluate alternatives from the viewpoint of the 
group of decision makers. 

Collectively, the six issues mentioned above define the 
domain of interest of the multiple-objective evaluation cross- 
cutting theme. To review, these issues are: 



- Multiple objectives, 

- Intangible factors, 

- Uncertainties, 

- Impacts over time, 

- Different interest groups, 

- Multiple decision makers. 

The multiple-objective evaluation program at IIASA has 
addressed each of these issues. The program itself can be cate- 
gorized into three areas: methodological research, communica- 
tion, and applications. After defining a minimum of notation, 
we will briefly survey the results of the program in each of 
these areas. 

Let X1,X2, ..., Xn, designate n attributes (measures of effec- 
tiveness) that, respectively, indicate the degree to which 
objectives 01,02,...,0n, are achieved. A specific level of 

attribute Xi will be designated by xi, so that a possible con- 

sequence of an alternative is designated by 5 = (x1,x2, ..., x,). 
With this terminology, the output of the system model shown in 
Figure 1 is a probability distribution function pA(x), which speci- 

fies the probability of the various possible consequences of alter- 
native A. This information is input to the preference model. 

The preference model is a von Neumann-Morgenstern utility 
function. Formally, this utility function satisfies a set of 
axioms which imply its existence and properties (see, for example 
[1,2]). Informally, such a utility function is an objective 
function (to be maximized) with one special property: the ex- 
pected utility of an alternative is the appropriate index of the 
desirability of the alternative. Given the probability distri- 
bution p (x) and a utility function u (5 )  , the expected utility A - 
can be calculated in a straightforward manner. 

By defining the Xi, i = 1,2, ..., n, to cover either different 
objectives, different time periods, or different interest groups 
the value tradeoff issues of the multiple-objective evaluation 
problem are addressed in assessing u. Some of the attributes Xi 

may have to be subjective scales which address the intangible 
factor issue. The expected utility property mentioned above 
allows one to consider uncertainties in a rigorous and logically 
consistent manner. If utility functions are assessed for each 
decision maker, utility theory may also help address the multiple 
decision maker issue. The basic theory is sound and rests on a 
foundation (i-e., the axioms of utility theory) that many indi- 
viduals consider appropriate for prescriptive decision-making. 
Because it does address the issues of real problems and because 
the problems are complex, implementation of the theory is not 



easy. The multiple-objective evaluation program attempts both 
to extend the theory in ways appropriate to specific character- 
istics of the problems being investigated, and to contribute 
to the knowledge and experience concerning applications. 

METHODOLOGICAL RESEARCH 

Two of the methodological results recently worked out at 
IIASA address the issues of impacts over time and multiple 
decision makers. 

Impacts Over Time 

Very little of the methodological research on preferences 
over time has accounted for dependencies among time periods. 
And yet in many situations preferences for various levels of an 
attribute now depend on what they have been in the past and will 
be in the future--especially in the recent past and the near 
future. For instance, one's relative preferences for various 
levels of environmental pollution may well depend on the pol- 
lution levels one has been experiencing.  avid Bell has derived 
some formulations for utility functions explicitly accounting 
for interperiod dependencies [ 3 1 .  

Let XI, ..., Xt, ..., XT, be attributes representing consequences 
in time periods 1, ..., t, ..., T, respectively. Then one defines 
~X,,...,X~-~) to be conditionally utility independent of 

{Xt+lt...tXT)t if whenever Xt is fixed, then {X1,...,Xt-l) is 

utility independent* of {x~+~,...,X~). This type of assumption 

allows preferences in the periods 1 to t-I and t+l to T to depend 
on the consequences in the adjacent period t but not on periods 
further away. Bell's result proves that if {x~,...,X~-~) and 

{Xt+lt...tXT) are conditionally utility independent of each other 
- 

for all t = 2, ..., T-1, then the utility function u(xl,x2, ..., xT) 
over all T periods is specified by the T-I two-attribute utility 
functions U ~ ( X ~ , X ~ + ~ ) ,  t = 1 ,  ..., T-I, and by some scaling 
constants. The two possible forms of the resulting utility 
function are given in Bell. An application of this result to 
the spruce budworm problem is summarized later in this paper. 

Multiple Decision Makers 

One important result concerning the aggregation of preferences 
of several individuals is Arrow's Impossibility Theorem [ 5 ] .  
Arrow's problem, which took as given the rankings r of 

j 

* 
An attribute set Y is utility independent of a set Z if 

preferences for lotteries on Y do not depend on the level of Z 
(see [ 4 1 ) .  



alternatives by N individuals, j = 1, ..., N, was to aggregate 
these to obtain a group ranking rG. He postulated five 

- 

"reasonable" assumptions for aggregation, and proved that no 
aggregation scheme was compatible with all five. Since it used 
rankings, Arrow's formulation did not incorporate any concept 
of strength of preference, nor did it allow for an interpersonal 
comparison of preferences. 

Arrow's result has had a monumental impact, and many people 
are familiar with the general ideas but not with the details. 
Thus many have misinterpreted his result to indicate that there 
is no rational way to combine the i n d i v i d u a Z f s  p r e f e r e n c e s  to 
obtain the g r o u p ' s  p r e f e r e n c e s .  Informally, the result does say 
there is no way consistent with his five assumptions to combine 
the i n d i v i d u a Z 1 s  r a n k i n g s  to obtain the g r o u p ' s  r a n k i n g s .  When 
the problem is changed from rankings to utilities, one can 
aggregate to obtain group preferences. 

Let u;, j = 1,2, ..., N, be a utility function over conse- 
J 

quences 5 for individual j. Using five assumptions analogous 
to those of Arrow, and using utilities instead of rankings, it 
is proved in 161 that the group utility function uG must be 

where the k+ are scaling constants requiring interpersonal com- 
J 

parison of preferences, i.e., value tradeoffs among individuals. 
An individual's strengths of preferences are incorporated in the 
utility function u 

j. 

COMMUNICATIONS 

To facilitate international scientific exchange and communi- 
cation, IIASA hosted a workshop on Decision Making with Multiple 
Conflicting Objectives, held at Laxenburg, Austria, on 
October 20-24, 1975. Approximately 30 scientists from 14 
countries met to 

- Review, contrast, and appraise the several basic 
approaches for decision-making with multiple objectives; 

- Discuss applications involving multiple objectives in 
progress at IIASA; 

- Learn of applications involving multiple objectives, 
conducted elsewhere, that were relevant to the IIASA 
program. 



The proceedings of the workshop are scheduled to appear in the 
IIASA-State-of-the Art Series in Applied Systems Analysis. 

In addition, a number of IIASA technical reports describing 
various methodological advances and applications of multiattri- 
bute utility have been produced; many are referenced in this 
paper. Also, Decisions with Multiple Objectives: Preferences 
and Value Tradeoffs by Howard Raiffa and myself [ 4 ]  was completed 
at IIASA and is scheduled to appear in autumn 1976. This book 
concerns the theory, assessment, and application of multiattri- 
bute utility. 

APPLICATIONS 

Here we will briefly describe four IIASA applications 
involving multiple objectives. Each of these focuses on some 
of the issues of multiple-objective problems already described. 

Spruce Budworm 

The spruce budworm is a forest pest that harms the forests 
of New Brunswick, Canada. A team led by C.S. Holling investi- 
gated the impacts of various control strategies (e-g., selective 
cutting, insecticides) on objectives such as area employment, 
logging company profits, and the recreational value of the forest. 
Using his theory of preferences over time described earlier, 
Bell [7,81 quantified in detail the preferences of Bill Clark, 
one of the team members. After various iterations, this 
procedure actually motivated the development of his theory. The 
most unique feature of the study involved the detailed quanti- 
fication of a utility function for multiple-objective impacts 
over time. Recent empirical assessments in New Brunswick by 
Bell have indicated the appropriateness of this theory for 
modeling the preferences of forestry officials there. 

Energy Policy 

The IIASA program on energy/environmental systems under the 
direction of W. Foell has examined the implications of various 
alternatives, differing in terms of fuel source and degree of 
energy conservation, for the German Democratic Republic, the 
Rh6ne-Alpes region of France, and the State of Wisconsin in the 
USA. Buehring and Foell [9] describe a system model that 
indicates the impacts of these alternatives in terms of 1 1  
attributes, including fatalities, SO2 pollution, radioactive 
wastes, and energy produced. Utility functions were assessed 
over these four attributes for individuals in each of the three 
regions [lo]. Utility functions were assessed over all 1 1  
attributes for two individuals from Wisconsin. These assessments 
allowed comparison of different individuals' preferences. Also, 
one assessment is described in complete detail [Ill to indicate 
how such assessments can be conducted. 



Tisza River Basin 

The Hungarian National Water Authority and IIASA cooperated 
in examining several alternatives for further developing the 
water resources of the Tisza River basin. The consequences 
included several intangible factors such as social impacts, inter- 
national cooperation required, developmental possibilities, and 
flexibility to adapt the selected strategy. In working toward 
a clear definition of attributes to quantify these factors, it 
became apparent that there were subtle ways in which "double 
counting" could present difficulties in evaluating the alterna- 
tives. Hence, the main use of the preliminary preference model 
[ I 2 1  is the implications that it has for better structuring the 
system model. 

Salmon Fishing 

The Canadian Department of the Environment must specify 
fishing policy--who can fish what, where, when, using which 
methods--on the Skeena River in British Columbia. The conse- 
quences of any policy impact several groups: net fishermen, 
lure fishermen, sport fishermen, regional interests, native 
Indians, and the government. To quantify the preferences of 
these various groups for the possible consequences, both 
R. Hilborn and C. Walters expressed utility functions representing 
what each felt were the interests of each group. Then they 
viewed the problem from the governmental viewpoint and specified 
an overall utility function explicitly addressing the value 
tradeoffs among the groups. These results are examined and con- 
trasted in [ I  31 . More recently, Hilborn [ I 4 1  coordinated a 
workshop, involving individuals from the different interest 
groups, that made some initial steps to assess their own utility 
functions. 

CONCLUSIONS 

Collectively, the methodological research and applications 
address each of the six issues of the multiple-objective problem 
outlined earlier. None of them formally addresses all of the 
issues. Nevertheless, each contributes experience to help in 
this "super application" when it is attempted. The general 
spirit of the research is to lend insight for improving the 
overall modeling process (see Figure l ) ,  which then should aid 
decision makers facing such problems. 

A viewpoint often expressed concerning preference models is: 
t h e  e n t i r e  process  i s  t o o  s u b j e c t i v e ,  whereas models t o  a i d  
d e c i s i o n  makers should s t r i v e  t o  be  o b j e c t i v e .  I personally 
feel there is no such thing as an objective, value-free analysis 
that models a policy decision. The crucial processes of defining 
the problem, specifying the alternatives, clarifying the 
objectives, selecting the attributes, and building the system 
model are all subjective. Similarly, value judgments and utility 



assessments are subjective, yet they are an integral part of 
policy problems and must be taken into account. The choice is 
to include them formally or informally, rather than to include 
them or not. 

For many important policy analyses, the effort involved in 
formalizing the system model adds up to several man-years, where- 
as at most a week may be used to build a preference model. The 
methodological tools and assessment know-how are currently avail- 
able to build sophisticated preference models. Shifting some 
of the effort from modeling the system to modeling the prefer- 
ences could have important desirable effects. IIASA's work on 
multiple-objective evaluation has led to an understanding of 
how we could more effectively utilize this additional effort. 
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Resilience and Related Mathematical Concepts 

H.R. Griimm 

I would like to present a methodology, a qualitative- 
topological approach suited for, but not completely restricted 
to, systems that can be modeled through differential equations. 
Although no one has ever written down a set of differential 
equations for the complete evolution of an economy or a society, 
such models are being applied with increasing success, for 
example, in ecology and climatology. 

A set of differential equations describing a particular sys- 
tem has deeply impressed researchers for some time, since it is 
the best expression for causality. Let us recall Laplace's demon 
who, from a knowledge of all the laws of the universe (expressed 
by differential equations) and the initial conditions, could 
calculate numerically the world's past and future evolution. 
Long ago we realized that reality defaults from this ideal in 
two aspects: even if we know the laws, we do not know exactly 
the initial conditions, and numerical solutions are inadequate 
for understanding a system's structure. Thus, people began to 
look in a geometric way at the state space and particularly at 
the points or states where the system would tend asymptotically: 
the stable equilibria. Many methods and concepts address them- 
selves to the problem of stability of a single fixed point. 
This situation is typical of a linear system such as a linear 
electric network. In reality, all linear systems are an approxi- 
mation of a real situation close to an equilibrium. 

Recently, researchers from applied fields as well as pure 
mathematicians have realized that, for the global treatment of 
nonlinear systems, the framework of local stability analysis 
(one single fixed point) needed to be enlarged: systems tend 
to more complicated structures than to fixed points--attractors, 
and usually there is more than one attractor. People began to 
think of a qualitative description of a system in terms of these 
and other concepts from differential topology. Two Russian 
scientists, Pontryagin and Andronov, defined for the first time 
the important concept of structural stability, which was later 
developed and studied to a great extent by Smale and his school. 
Then ~ e n 6  Thom claimed that structural stability was an essential 
property of any realistic model, since small errors in a descrip- 
tion of the system should not affect the "gestalt" of the model, 
defined by a notion of structural equivalence. (Note that our 
modeling efforts will almost never capture the fine dynamic 
details of a system.) Let me briefly mention three developments 
along these lines, and present arguments to show that they all 
fit into a framework of methodology, an approach I call "Beyond 
Numerical Integration". 



C a t a s t r o p h e  T h e o r y  o f  Thom. T h i s  t h e o r y  a d d r e s s e s  i t s e l f  
t o  t h e  q u a l i t a t i v e  changes  i n  t h e  c o n f i g u r a t i o n s  o f  s t a b l e  
e q u i l i b r i a  u n d e r  v a r i a t i o n s  of  p a r a m e t e r s .  A t  p r e s e n t ,  it i s  
r e s t r i c t e d  t o  s y s t e m s  t h a t  behave a s  i f  t o  min imize  a  p o t e n t i a l  
f u n c t i o n .  The b e a u t y  o f  t h e  t h e o r y  i s  t h a t  it c a n  p roceed  a l m o s t  
w i t h o u t  knowledge o f  t h e  u n d e r l y i n g  dynarnical  l a w s .  But f o r  
e x a c t l y  t h i s  r e a s o n ,  i t s  p r e d i c t i o n s  a r e  vague.  

The  u s e  o f  s t r a n g e  a t t r a c t o r s  i n  t u r b u l e n c e  and o t h e r  h y d r o -  
l o g i c a l  phenomena.  The c h a o t i c  b e h a v i o r  o f  a  t u r b u l e n t  g a s  o r  
f l u i d  h a s  a lways  p u z z l e d  t h e o r e t i c i a n s  i n  t h i s  f i e l d .  R u e l l e  
and Takens [ I ]  p o i n t e d  o u t  t h a t  t h i s  b e h a v i o r  c o u l d  w e l l  b e  
modeled by a  s o - c a l l e d  s t r a n g e  a t t r a c t o r  (which w i l l  b e  d i s c u s s e d  
l a t e r  i n  t h i s  r e p o r t ) .  

T h e  R e s i l i e n c e  C o n c e p t  o f  C.S .  H o l l i n g .  From a n  a n a l y s i s  
o f  t h e  b e h a v i o r  o f  e c o l o g i c a l  s y s t e m s ,  H o l l i n g  deduced t h e  need 
f o r  a  c o n c e p t  a p a r t  f rom t r a d i t i o n a l  s t a b i l i t y .  I t  was soon 
r e a l i z e d  t h a t  d i f f e r e n t i a l  t o p o l o g y  was t h e  a p p r o p r i a t e  mathe- 
m a t i c a l  l a n g u a g e  f o r  e x p r e s s i n g  t h e s e  i d e a s .  

I IASA's  invo lvement  w i t h  t h e s e  deve lopments  stemmed from 
two s o u r c e s .  F i r s t ,  a s  a l r e a d y  ment ioned ,  H o l l i n g  b r o u g h t  t h e  
r e s i l i e n c e  c o n c e p t  t o  Laxenburg where  it was e n t h u s i a s t i c a l l y  
a c c e p t e d  by ~ a f e l e  who, i n  h i s  d e s c r i p t i o n  o f  "measures  f o r  p ro -  
t e c t i o n  a g a i n s t  t h e  unknown", had come t o  s i m i l a r  c o n c l u s i o n s .  
An info--a1 " r e s i l i e n c e  group" was formed a t  IIASA whose members 
remained  i n  c o n t a c t  a f t e r  t h e  d e p a r t u r e  o f  H o l l i n g  and h i s  g r o u p .  
Dur ing  t h e  p a s t  y e a r ,  r e s i l i e n c e  h a s  been a p p l i e d  t o  models  o f  
t h e  Ecology and Energy p r o j e c t s .  H o l l i n g ' s  i n t u i t i v e  i d e a s  were  
p u t  on  a  f i r m  m a t h e m a t i c a l  b a s i s  and e x t e n d e d  t o  c o n t r o l  p rob lems  
by David B e l l  and m y s e l f .  T h i s  i n t e r p r o j e c t  c o l l a b o r a t i o n  c o u l d  
b e  c a l l e d  o n e  o f  t h e  most  f r u i t f u l  a t  IIASA. The a c t u a l  e x p e r i -  
e n c e  w i t h  e c o l o g i c a l  s y s t e m s  o f  H o l l i n g  and h i s  co-workers  b l e n d e d  
p e r f e c t l y  w i t h  t h e  m a t h e m a t i c a l  knowledge o f  t h e  m e t h o d o l o g i s t s  
i n v o l v e d .  

The second  l i n e  o f  r e s e a r c h  was i n i t i a t e d  by T.C. Koopmans 
i n  l a t e  1974. H e  saw a p p l i c a t i o n s  o f  a  new c l a s s  o f  p o w e r f u l  
f i x e d - p o i n t  a l g o r i t h m s ,  d e v e l o p e d  o r i g i n a l l y  f o r  economic prob-  
l e m s ,  t o  t h o s e  f i e l d s  where t h e  l o c a t i o n s  o f  e q u i l i b r i a  a r e  
i m p o r t a n t .  These  a l g o r i t h m s  seemed p a r t i c u l a r l y  u s e f u l  b e c a u s e  
t h e y  would f i n d  u n s t a b l e  e q u i l i b r i a ,  i m p o r t a n t  i n  d e s c r i b i n g  
t h e  b a s i n s  o f  a  sys tem;  a l s o ,  t h e y  c o u l d  p e r h a p s  b e  g e n e r a l i z e d  
t o  c l o s e d  o r b i t s  o r  t o  more c o m p l i c a t e d  s i t u a t i o n s .  Thus,  on  
Koopmans' i n i t i a t i v e ,  a  workshop was h e l d  a t  IIASA i n  J u l y  1975 
t h a t  b r o u g h t  t o g e t h e r  m a t h e m a t i c i a n s  and "methods consumers" ,  
i . e . ,  e c o l o g i s t s ,  c l i m a t o l o g i s t s ,  e c o n o m i s t s ,  p e o p l e  i n t e r e s t e d  
i n  c h e m i c a l  e v o l u t i o n ,  and t h e  l i k e .  S i n c e  t h e n ,  work h a s  
p roceeded  a l o n g  t h e  l i n e s  o f  " q u a l i t a t i v e  d e s c r i p t i o n  v i a  d i f f e r -  
e n t i a l  t o p o l o g y "  i n  c o l l a b o r a t i o n  w i t h  t h e  M a s s a c h u s e t t s  I n s t i t u t e  
of  Technology,  Ya le  U n i v e r s i t y ,  t h e  U n i v e r s i t y  o f  B r i t i s h  Columbia,  
and o t h e r  g r o u p s .  



The fo l lowing  p r e s e n t a t i o n  assumes a  d e t e r m i n i s t i c  system, 
d e s c r i b e d  by a  d i f f e r e n t i a l  equa t ion  on a  mani fo ld ,  t h e  s t a t e  
space .  Extens ions  of t h e  t heo ry  t o  c o n t r o l  o r  s t o c h a s t i c  models 
a r e  i n  p r o g r e s s .  C e n t r a l  t o  t h e  i d e a s  o u t l i n e d  i s  t h e  phase 
p o r t r a i t  ( s e e  F igure  1 ) .  Under a  ve ry  g e n e r a l  assumption,  t h e  
s t a t e  space  of  a  system can be subdiv ided  i n t o  a  f i n i t e  number 
o f  b a s i n s ,  each  wi th  a  p a r t i c u l a r  a t t r a c t o r .  I f  t h e  system 
s t a r t s  i n  a  p a r t i c u l a r  b a s i n ,  i n  t h e  f u t u r e  it  w i l l  i n e v i t a b l y  
t e n d  t o  t h e  cor responding  a t t r a c t o r ,  which can be  a  s t a b l e  
e q u i l i b r i u m ,  a  s t a b l e  c l o s e d  o r b i t ,  o r  a  more complicated s t r u c -  
t u r e ,  i n d i c a t e d  i n  t h e  upper l e f t  q u a r t e r  of  F igu re  1 .  Here I 
have ske tched  a  so -ca l l ed  s t r a n g e  a t t r a c t o r ,  d e f i n e d  by t h e  
p r o p e r t y  of n o t  being a  smooth submanifold of s t a t e  space .  ( I  
was somewhat hampered i n  t h i s  a t t e m p t  by n o t  having a  p e n c i l  of 
z e r o  wid th . )  An impress ive  and p l a u s i b l e  argument i s  t h a t  f o r  
mul t i -d imens ional  models t h e  presence  of s t r a n g e  a t t r a c t o r s  i s  
t o  be  expec ted .  

Yig~ira. I .  I'h;~sc. portrait .  



A t t r a c t o r s  d e s c r i b e  t h e  p o s s i b l e  modes o f  long-t ime behavior  
o f  t h e  system: c lo sed  o r b i t s  i n d i c a t e ,  f o r  example, s t a b l e ,  
p e r i o d i c  o s c i l l a t i o n s  w i th  a  f i x e d  ampl i tude .  A word of  warning 
should  b e  i n s e r t e d  he re :  two-dimensional s k e t c h e s  on a  s c r e e n  
o r  on paper  dece ive  by t h e i r  s i m p l i c i t y .  A theorem by Pe ixo to  
s h a r p l y  l i m i t s  t h e  complexi ty t h a t  a  two-dimensional system can 
g e n e r a l l y  e x h i b i t .  The i n t u i t i v e  r ea son  f o r  t h i s  i s  t h a t  t r a -  
j e c t o r i e s  cannot  c r o s s  i n  two dimensions.  Thus, new phenomena 
and s t r u c t u r e s  must be  expec ted  and a c t u a l l y  do appear  a s  we 
move on t o  t h r e e -  and higher-dimensional  s i t u a t i o n s .  Although 
a l l  b a s i n s  a r e  equal  t o  t h e  mathematician,  f o r  a p p l i c a t i o n  w e  
w i l l  have t o  p u t  a  v a l u e  on each  b a s i n ,  r e f l e c t i n g  ou r  p r e f e r -  
ence  f o r  ending  up a t  t h e  cor responding  a t t r a c t o r .  

Two l i n e s  of  r e s e a r c h  have been pursued a t  IIASA, s t a r t i n g  
w i t h  t h e  concept  of phase p o r t r a i t s .  The f i r s t  i s  t h e  r i q o r o u s  
d e f i n i t i o n  of  v a r i o u s  r e s i l i e n c e  concep t s ,  u s i n g  t h e  a t t r a c t o r -  
b a s i n  s t r u c t u r e  o f  t h e  system. Let  m e  r e c a l l  H o l l i n g ' s  o r i g i n a l  
words when he i n t roduced  r e s i l i e n c e :  "a  measure of  t h e  a b i l i t y  
of a  system t o  absorb  changes i n  s t a t e  v a r i a b l e s  p l u s  parameters  
and s t i l l  p e r s i s t " .  To t r a n s l a t e  t h i s ,  we can say  t h a t  a  system 
has  absorbed a  p e r t u r b a t i o n  i f ,  t h e r e a f t e r ,  it s t i l l  t e n d s  
toward t h e  same a t t r a c t o r  o r  toward a  s l i g h t l y  modi f ied  one. 
Here, one has  t o  d i s t i n g u i s h  between two concep t s  o f  r e s i l i e n c e : *  

- R e s i l i e n c e  i n  s t a t e  space  (RISP),  cor responding  t o  
changes i n  t h e  s t a t e  v a r i a b l e s ;  

- R e s i l i e n c e  of s t a t e  space  (ROSP), cor responding  t o  
changes i n  t h e  parameters .  

These two t y p e s  of changes cannot  be t r e a t e d  i n  t h e  same way: 
t h e  f i r s t  t ype  makes t h e  system p o i n t  "jump" i n  a  f i x e d  b a s i n  
s t r u c t u r e  of  t h e  s t a t e  space ;  t h e  second t y p e  can change t h i s  
ve ry  s t r u c t u r e .  F igu re  2 ,  o u t l i n i n g  RISP, shows t h a t  a  p e r t u r -  
b a t i o n  of  t h e  s t a t e  v a r i a b l e s  ( i n d i c a t e d  by t h e  d o t t e d  arrow) 
can t r a n s p o r t  t h e  system t o  a n o t h e r  b a s i n  where it w i l l  have 
d i f f e r e n t  long-time behavior  and t r e n d s .  F igu re  3 ,  o u t l i n i n g  
ROSP, shows t h a t  a  change i n  parameter  can s h i f t  b a s i n s  a s  w e l l  
a s  a t t r a c t o r s ,  such t h a t  t h e  same p o i n t  l i e s  i n  a  d i f f e r e n t  
b a s i n ;  a g a i n  t h e  long-time behavior  changes. 

Fo r  ROSP, a  f u r t h e r  d i s t i n c t i o n  must be made between sudden 
parameter  changes ,  f o r  example a  new f a c t o r y  d i s c h a r g i n g  p o l l u t a n t s  
be ing  opened, and a d i a b a t i c  changes ,  t h a t  i s ,  changes ove r  long  
p e r i o d s  r e l a t i v e  t o  t h e  t y p i c a l  t ime s c a l e  of  t h e  system. 

* 
RISP r e f e r s  t o  changes i n  a  f i x e d  phase p o r t r a i t ;  ROSP 

r e f e r s  t o  changes i n  i t s  ve ry  s t r u c t u r e .  



Figure 2. Resilience in state space (RISP). 

Figure 3. Resilience of state space (ROSP). 



I n  t h e  f i r s t  c a s e ,  b a s i n  b o u n d a r i e s  c a n ,  s o  t o  s p e a k ,  "jump" 
o v e r  t h e  s y s t e m  p o i n t .  F o r  a d i a b a t i c  c h a n g e s ,  t h e  s y s t e m  c a n  
" o u t r u n "  any  mot ion  o f  a  b a s i n  boundary.  By t h e  t i m e  t h e  param- 
eters have changed s i g n i f i c a n t l y ,  t h e  s y s t e m  w i l l  be  a l m o s t  on 
t h e  a t t r a c t o r .  Only t h e  c o m p l e t e  d i s a p p e a r a n c e  o f  a  b a s i n  
t o g e t h e r  w i t h  i t s  a t t r a c t o r - - o r  t h e  a p p e a r a n c e  o f  new q u a s i -  
b a s i n s  p l u s  a t t r a c t o r s - - c o u l d  b e  t e rmed  n o n - r e s i l i e n t  b e h a v i o r .  
H e r e  t h e  r e s i l i e n c e  c o n c e p t  i s  c l o s e l y  r e l a t e d  t o  Thom's c a t a s -  
t r o p h e  t h e o r y :  i f  a l l  a t t r a c t o r s  o f  t h e  s y s t e m  a r e  s t a b l e  
e q u i l i b r i a ,  c a t a s t r o p h e  t h e o r y  q u i c k l y  g i v e s  i n f o r m a t i o n  o n  t h e  
s u r f a c e s  i n  p a r a m e t e r  s p a c e  where  a t t r a c t o r s  a p p e a r  o r  d i s a p p e a r .  
Sudden ly  o r  a d i a b a t i c a l l y  c r o s s i n g  t h e s e  su r faces - -which  c o u l d  
b e  c a l l e d  p a r a m e t e r  s e p a r a t r i c e s - - w i l l  change t h e  o v e r a l l  s t r u c -  
t u r e  o f  t h e  sys tem.  

F o r  a p p l i c a t i o n s ,  we a r e  i n t e r e s t e d  i n  n o t  o n l y  a  q u a l i t a -  
t i v e  c o n c e p t  o f  r e s i l i e n c e ,  b u t  a l s o  a  q u a n t i t a t i v e  measure  o f  
it. T h i s  p r e s u p p o s e s  c e r t a i n  i n f o r m a t i o n  a b o u t  t h e  n a t u r e  and 
s i z e  o f  t h e  p e r t u r b a t i o n s  l i k e l y  t o  o c c u r ,  and v a r i o u s  p roposed  
m e a s u r e s  a r e  a d a p t e d  i n  d i f f e r e n t  d e g r e e s  t o  t h e  a c t u a l  s y s t e m s  
s t u d i e d .  A p r o m i s i n g  i d e a  t h a t  i s  commonly pursued  c o n s i s t s  i n  
l o o k i n g  a t  d i s t a n c e s  i n  s t a t e  s p a c e  t o  measure  RISP: t h e  m i n i -  
mum d i s t a n c e  of  a  t r a j e c t o r y  f rom t h e  b a s i n  b o u n d a r i e s  o r  f rom 
a  s u i t a b l y  w e i g h t e d  a v e r a g e  o f  d i s t a n c e  t o  t h e  b o u n d a r i e s  c a n  
be  t a k e n  (see F i g u r e  2 ) .  T h i s  v a l u e  c a n  t h e n  b e  e i t h e r  t r e a t e d  
a s  a  f u n c t i o n  o f  t h e  i n i t i a l  c o n d i t i o n  o r  a v e r a g e d  a g a i n  o v e r  
t h e  b a s i n .  Of c o u r s e ,  o n e  e n c o u n t e r s  t h e  f a m i l i a r  problem o f  
b a l a n c i n g  a p p l e s  and o r a n g e s :  t h e  o r d e r s  o f  magni tude  o f  t y p i c a l  
p e r t u r b a t i o n s  o f  d i f f e r e n t  s t a te  v a r i a b l e s - - o f  d i f f e r e n t  dimen- 
s ions - -have  t o  b e  compared and  combined, i n  a  s i n g l e  d i s t a n c e  
n o t i o n ,  on t h e  s t a t e  s p a c e .  Another  p o s s i b l e  r e s i l i e n c e  measure  
i s  t h e  volume of  t h e  d e s i r e d  b a s i n .  T h i s  n o t i o n  is  m a i n l y  
a p p l i e d  t o  e c o l o g i c a l  s i t u a t i o n s  where  t h e r e  is  an ensemble  o f  
s i m i l a r  s y s t e m s ;  o b v i o u s l y  it p r e s u p p o s e s  some i n f o r m a t i o n  on 
t h e  s y s t e m s '  d i s t r i b u t i o n  w i t h i n  t h e  b a s i n .  

F o r  c a l c u l a t i n g  v a r i o u s  r e s i l i e n c e  measures  i n  a n  a c t u a l  
s y s t e m ,  a n  a l g o r i t h m  f o r  d e t e r m i n i n g  b a s i n  b o u n d a r i e s  i s  needed.  
W e  have  p roved  a  g e n e r a l  theorem on t h e i r  l o c a t i o n ,  which h a s  
been used  f o r  n u m e r i c a l  e v a l u a t i o n .  But  a p p r o x i m a t i o n s  b a s e d  
on t h e  Liapunov method a r e  less time-consuming; a l t h o u g h  less 
a c c u r a t e ,  t h e y  have  been  u s e d  by G a t t o  and R i n a l d i  i n  p rey-  
p r e d a t o r  models  12: . 

The second  l i n e  o f  r e s e a r c h  f o c u s e s  a t t e n t i o n  on o n e  p a r -  
t i c u l a r  a t t r a c t o r  and i t s  c h a n g e s ,  termed b i f u r c a t i o n s ,  t h a t  
r e s u l t  f rom p a r a m e t e r  changes .  O f t e n  a  p a r t i c u l a r  pa ramete r - -  
a s  f o r  example ,  s o l a r  i n s o l a t i o n  i n  c l i m a t o l o g y ,  e n e r g y  i n p u t  
t o  a  food  c h a i n  i n  e c o l o g y ,  t h e  Reynolds  number and o t h e r  
d i m e n s i o n l e s s  numbers i n  hydrodynamics--can b e  viewed a s  a  
" d r i v i n g  f o r c e " .  T h a t  i s ,  a t  low l e v e l s  of  t h i s  p a r a m e t e r ,  t h e  
a t t r a c t o r s  a r e  s t a b l e  f i x e d  p o i n t s ;  o f t e n  t h e r e  is  o n l y  one  
a t t r a c t o r ,  a s  f o r  example ,  l a m i n a r  f l o w  i n  hydrodynamics ,  o r  
e x t i n c t i o n  i n  a n  e c o l o g i c a l  s y s t e m .  A s  t h e  p a r a m e t e r  i n c r e a s e s ,  



t h e  f i x e d  p o i n t s  b i f u r c a t e  t h r o u g h  v a r i o u s  s t a g e s  i n t o  more 
c o m p l i c a t e d  s t r u c t u r e s :  t h e  s t r a n g e  a t t r a c t o r s  t h a t  d e s c r i b e  
t h e  e r r a t i c  b e h a v i o r  a c t u a l l y  o b s e r v e d .  As ment ioned e a r l i e r ,  
t h i s  a p p r o a c h  i n  t h e  c a s e  o f  hydrodynamics  was p i o n e e r e d  by 
R u e l l e ;  i t s  u s e  i n  food c h a i n  models  was p roposed  by Wi l l i am 
C l a r k ,  f o r m e r l y  o f  t h e  IIASA ~ c o l o g y  p r o j e c t ,  and  m y s e l f .  

A  p a r t i c u l a r  t h r e e - d i m e n s i o n a l  s y s t e m  o f  e q u a t i o n s  y i e l d s  
a n  a t t r a c t o r  known a s  t h e  Lorenz a t t r a c t o r ,  which i s  i n t e r e s t i n g  
f o r  a p p l i c a t i o n s  a s  w e l l  a s  f o r  o u r  u n d e r s t a n d i n g  o f  t h e  b e h a v i o r  
t o  b e  e x p e c t e d  from n o n l i n e a r  s y s t e m s .  The a c t u a l  form o f  t h e  
e q u a t i o n s  h a s  an  unexpec ted  s i m p l i c i t y :  

where X I  Y ,  Z a r e  s t a t e  v a r i a b l e s ,  and u ,  8 ,  and  r a r e  p a r a m e t e r s .  
The model was o r i g i n a l l y  i n v e n t e d  by Lorenz t o  s o l v e  a  problem i n  
ae rodynamics  [ 3 ] ;  it was l a t e r  used  f o r  a  semi-phenomenological  
d e s c r i p t i o n  o f  t h e  r e v e r s a l s  o f  t h e  E a r t h ' s  m a g n e t i c  f i e l d  o v e r  
g e o l o g i c a l  t i m e s .  F o r  s m a l l  v a l u e s  of  r - - t h e  " d r i v i n g  param- 
e t e r " - - t h e  sys tem g l o b a l l y  t e n d s  t o  a  s i m p l e  e q u i l i b r i u m ;  f o r  
l a r g e r  v a l u e s  o f  r ,  t h e r e  e x i s t  two s t a b l e  e q u i l i b r i a ,  and  a s  
r i n c r e a s e s  f u r t h e r ,  a  new mode o f  b e h a v i o r  i s  s u d d e n l y  i g n i t e d .  
T h i s  mode o f  b e h a v i o r  f i r s t  a p p e a r s  i n  o n e  p a r t i c u l a r  b a s i n  
which,  a s  r f u r t h e r  i n c r e a s e s ,  grows and swal lows  up t h e  whole  
s t a t e  s p a c e  a s  a l l  f i x e d  p o i n t s  become u n s t a b l e .  The Lorenz 
a t t r a c t o r  is c h a r a c t e r i z e d  by t h e  e x i s t e n c e  of  two q u a s i - b a s i n s ,  
c o r r e s p o n d i n g  t o  m e t a s t a b l e  r e g i o n s ;  t h e  sys tem c i r c u l a t e s  i n  
o n e  o f  t h e s e  b a s i n s  f o r  some t i m e ,  t h e n  s w i t c h e s  o v e r  t o  t h e  
o t h e r  q u a s i - b a s i n ,  c i r c u l a t e s  a g a i n  and r e t u r n s  t o  t h e  o r i g i n a l  
q u a s i - b a s i n .  F i g u r e  4  shows a  p r o j e c t i o n  o f  a  sample t r a j e c t o r y  
on  t h e  a t t r a c t o r .  T h i s  b e h a v i o r  c h a r a c t e r i z e s  t h e  E a r t h ' s  
m a g n e t i c  f i e l d ,  and a l s o  o c c u r s  i n  some e c o l o g i c a l  s y s t e m s .  

The most  e s s e n t i a l  p o i n t  h e r e  is  t h a t  t h e  sequence  o f  t i m e s  
s p e n t  by t h e  s y s t e m  i n  o n e  of  t h e  q u a s i - b a s i n s  i s  e s s e n t i a l l y  
random and u n c o r r e l a t e d ,  because  t h e  s y s t e m  i s  e x t r e m e l y  dependent  
on i n i t i a l  c o n d i t i o n s .  I n  F i g u r e  4 ,  o n e  c a n  see two t r a j e c t o r i e s  
t h a ' t  s t a r t  a t  nearby  p o i n t s  i n d i c a t e d  by A :  o n e  i s  s t i l l  s t a y i n g  
i n  t h e  same q u a s i - b a s i n ,  w h i l e  t h e  o t h e r  i s  a l r e a d y  i n  t h e  o t h e r  
q u a s i - b a s i n .  Any two p o i n t s  a r b i t r a r i l y  c l o s e  b u t  on d i f f e r e n t  
t r a j e c t o r i e s  w i l l ,  g i v e n  s u f f i c i e n t  t i m e ,  become u n c o r r e l a t e d  i n  
t h i s  s e n s e .  A c t u a l l y ,  t h e  sequence  o f  " r o t a t i o n  numbersw--how 
many r o t a t i o n s  t h e  sys tem makes i n  o n e - q u a s i - b a s i n  a t  a  t i m e - -  
i s  a  Markov sequence .  But ,  a l t h o u g h  t h e  motion on t h e  a t t r a c t o r  
i s  e r r a t i c ,  we a r e  s t i l l  d e a l i n g  w i t h  an  a t t r a c t o r :  a l l  p o i n t s  
i n  s t a t e  s p a c e  w i l l ,  o v e r  l o n g  t i m e s ,  behave i n  t h i s  way. S t r o n g  
e r g o d i c  theorems  a l l o w  o n e  t o  c a l c u l a t e  t i m e  a v e r a g e s  from t h e  
p o s i t i o n  of  t h e  a t t r a c t o r :  t h i s  i s  o b v i o u s l y  v e r y  i n t e r e s t i n g  



Figure 4. Lorenz attractor. 

for climatology, since, for the essential features of a climatic 
change, this approach could possibly replace long simulations 
with a global circulation model (GCM) . 

Let me summarize the main points that can be learned from 
the Lorenz attractor, which are true for most strange attractors: 

1. The p o s s i b i z i t y  o f  q u a s i - b a s i n s :  metastable regions 
between which the system fluctuates (without any 
stochastics in the dynamics); 



2. Extremely s e n s i t i v e  dependence on i n i t i a l  c o n d i t i o n s ,  
and e r r a t i c  b e h a v i o r .  T h i s  s u g g e s t s  t h e  i m p o s s i b i l i t y  
o f  p r e d i c t i n g  t h e  "wea therm-- the  a c t u a l  p o i n t  i n  
s t a t e  space--over  l o n g e r  t i m e s  b e c a u s e  o f  t h e  l a c k  
o f  knowledge of  a l l  t h e  d e t a i l s  o f  t h e  i n i t i a l  
c o n d i t i o n s .  The a c c u r a c y  o f  o u r  measurements  d i v i d e s  
t h e  s t a t e  s p a c e  i n t o  ce l ls ;  we know o n l y  from which 
c e l l  t h e  sys tem s t a r t s  i n i t i a l l y .  The image o f  any  
c e l l  under  t i m e  e v o l u t i o n - - i f  t h e  t i m e  i n t e r v a l  is  
l a r g e  enough--will  b e  s p r e a d  o v e r  a l l  t h e  a t t r a c t o r ;  

3 .  I n  c o n t r a s t  t o  2 above,  t h e  p o s s i b i l i t y ,  a t  l e a s t  i n  
p r i n c i p l e ,  of d i r e c t l y  c a l c u l a t i n g  t h e  "cl imater ' - -  i. e. , 
long- te rm a v e r a g e s .  

L e t  m e  add t o  1 above t h a t  one c o u l d  p r o b a b l y  c o n s t r u c t  sys tems  
w i t h  a n y  number o f  q u a s i - b a s i n s :  an example o f  a  sys tem w i t h  
f o u r  q u a s i - b a s i n s ,  c a l l e d  super -Lorenz ,  i s  b e i n g  i n v e s t i g a t e d ;  
i t s  o t h e r  p r o p e r t i e s  a r e  t h e  same a s  t h o s e  g i v e n  above f o r  i t s  
p r o g e n i t o r .  

A f t e r  a l l  t h i s  emphas i s  on t h e  g l o b a l  s t r u c t u r e  o f  s y s t e m s ,  
l e t  m e  add t h a t  by t h e  u s e  o f  t h i s  approach  we d o  n o t  i n t e n d  t o  
p u t  n u m e r i c a l  i n t e g r a t i o n s  o u t  of b u s i n e s s .  But it c a n  s a v e  a  
l o t  o f  t i m e ,  f o r  example,  by p o i n t i n g  o u t  t h e  i n t e r e s t i n g  r e g i o n s  
of s t a t e  s p a c e  where o n e  c .ould c a l c u l a t e  a  few sample  t r a j e c t o r i e s ,  
o r  by o b t a i n i n g  t i m e  a v e r a g e s .  F o r  s t u d y i n g  t h e  impact  o f  param- 
e ter  c h a n g e s ,  t h e  g l o b a l  approach  seems d e f i n i t e l y  s u p e r i o r .  

To c l o s e ,  l e t  m e  o u t l i n e  a n  i n t e r e s t i n g  l i n e  o f  r e s e a r c h  
b e i n g  p u r s u e d  a t  IIASA, where it is  known a s  t h e  " k i t  c o n c e p t " .  
The k i t  c o n s i s t s  of a  l i s t  of a t t r a c t o r s  r e l e v a n t  t o  a  d e s c r i p -  
t i o n  o f  t h e  b e h a v i o r  o f  a c t u a l l y  o c c u r r i n g  s y s t e m s .  T h i s  l i s t ,  
which i s  b e i n g  drawn up,  s t a r t s  w i t h  t h e  t r i v i a l  c a s e s  o f  s t a b l e  
e q u i l i b r i u m  and  c l o s e d  o r b i t ,  and t h e n  moves o n  t o  s t r a n g e  
a t t r a c t o r s .  Depending on t h e  observed--or  d e s i r e d - - s t r u c t u r e  
o f  t h e  p h a s e  p o r t r a i t ,  o n e  would choose  t h e  c o r r e s p o n d i n g  
a t t r a c t o r  t o  model t h e  r e a l  s i t u a t i o n ;  f o r  i n s t a n c e ,  a  sys tem 
o s c i l l a t i n g  a t  random between two r e g i o n s  would b e  modeled by 
t h e  Lorenz a t t r a c t o r  o r  by a  v a r i a n t  o f  it. (Such sys tems  
abound i n  e c o l o g y . )  For  t h e  whole s t a t e  s p a c e  o f  t h e  sys tem,  
t h e  b a s i n s  of  t h e  c o r r e s p o n d i n g  a t t r a c t o r s  w i l l  t h e n  b e  p u t  
t o g e t h e r .  Using t h i s  approach ,  o n e  c a n  o b t a i n  a  model t h a t  shows 
t h e  c o r r e c t  s t r u c t u r e ;  t h e r e a f t e r  o n e  c a n  s t a r t  t o  a d j u s t  t h e  
p a r a m e t e r s .  
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Computer Networks: Comment on a IIASA Research Activity 

V.M. Glushkov 

The System and Decision Sciences area focuses on problems 
of d e v e l o p i n g  systems analysis rather than a p p l y i n g  systems 
analysis. A reasonable policy for an institute like IIASA is to 
have well-balanced projects that deal with both aspects of the 
problem--i.e., developing the techniques and applications of 
systems analysis. The System and Decision Sciences area should 
include at least three important projects. Two projects are 
evident--the development of mathematical methods for modeling 
and optimization of large-scale systems, and the long-term 
development of IIASA's computer facilities including both hard- 
ware and software. A third project--problem-solving in the area 
of computer networking--is in my opinion a prerequisite for 
developing the techniques of system analysis. 

There are several reasons why computer networks are an 
essential tool for applied systems analysis. The first is simple 
and pragmatic: for effective work in applied systems analysis, 
each scientist must have easy access to large-scale computer 
facilities. The most appropriate and economical way to achieve 
this is to create a computer network. The first step in estab- 
lishing such a network is to install a terminal at the centers 
of each of the participants in the system. The second step in- 
volves the use of minicomputers with special communication equip- 
ment. The final step involves a large-scale computer system with 
telecommunication access. 

In such a network, good organization ensures the effective 
use of a large-scale computer system and communication lines. 
The experience of the Ukranian Institute of Cybernetics in Kiev 
shows that through the combined use of a minicomputer (NJR-2) and 
a Large-scale computer (BESN-6), the efficiency of the BESN-6 was 
enhanced almost sixfold. Expenditures for computations were 
reduced, while the servicing of users was noticeably improved 
(e-g., reduction of the system response time in the dialog mode, 
feasibility of rapid changes when constructing and debugging 
programs) . 

The second reason for IIASA to create a computer network and 
gain access to existing networks is related to the special fea- 
tures of its structure. Dr. Levien has already explained that 
collaborative research is an essential feature of IIASA's research 
activities. This involves the broad use of scientific capabili- 
ties and computer facilities, especially the complex software . 



systems in collaborating institutes. In many cases, such software 
systems are being realized on non-compatible hardware that is not 
easily transferable to the computers in Vienna used by IIASA. 
Thus, both IIASA and. the collaborating institutes would benefit 
greatly from the inclusion of the computer facilities at these 
institutes in the IIASA Computer Network. 

Many institutions are currently collaborating with IIASA on 
the development of software systems for solving problems of sys- 
tems analysis. For example, the man-machine interactive software 
system for forecasting the development of scientific technology 
and social processes has been effectively used at the Institute 
of Cybernetics in Kiev. 

There is a third reason which is perhaps the most important 
one for having a computer networking project at IIASA. Again, I 
wish to refer to a previous statement by Dr. Levien in which he 
points out that IIASA's work should contribute to the development 
of decision-making techniques at both the international and na- 
tional levels. Any such technique must take into account the 
three elements of a decision-making system: the decision mak- 
er(~), the computers (with special software), and the necessary 
data base. 

The techniques used in the 1960s involved assembling all 
three elements together in one place, or supplying decision 
makers with the results of preliminary computations for making 
decisions. This approach, however, can be used effectively only 
on comparatively simple problems. Current problems are more com- 
plex and therefore require more advanced techniques for decision- 
making. First, they involve a sophisticated data base that, by 
means of many computer centers, is distributed over large ter- 
ritories. (It is almost impossible to transfer all preliminary 
data to one place.) Since the data are distributed in local data 
banks, they are easily processed on local computer facilities. 
In some cases, the situation may be aggravated by .the fact that 
data are constantly changing and many complex decision-making 
procedures are multi-level. Decision makers using local data 
banks and computer facilities contact decision makers at higher 
levels to obtain some initial information. For example, this 
information may result from data processed on the lower level 
and transferred not only to the decision makers at the next level 
but also to their computer facilities for the second phase of 
data processing. Simultaneously, information is flowing verti- 
cally and horizontally in the system. 

TO develop such complex and partly automated decision-making 
techniques involves creating a temporary configuration of partici- 
pating computer centers (with corresponding local software and 
data bases), and centers for decision makers at different levels. 
Thus, a system would be created that would control all the data 
processing, information retrieval, data transfer, dialogues be- 
tween decision makers responsible for setting up the links in a 
communication network, the necessary protocols, etc. The tech- 
niques for controlling such networks can be more complicated than 
the techniques currently used in existing commercial networks. 



Many countries are now--or will be in the near future--in 
great need of research on solving the type of problems mentioned 
above. The complexity of such work greatly exceeds that of any 
work previously done on creating complex software systems imple- 
mented in one computer system. 

Multi-level and multi-computer decision-making systems 
should be considered from two different aspects. First, they 
are an interesting and promising subject for applied systems 
analysis. Secondly, they can be designed and constructed so as 
to be a powerful tool of systems analysis. In this case, deci- 
sion makers must be replaced by corresponding researchers--i.e., 
systems analysts and experts on different topics. 

Because the computer network is the base of such a system, 
the theoretical and applied research in computer networking will 
be of great importance at both the international and national 
levels. In the future, we hope to be able to consider IIASA's 
Computer Network project not only as a methodological but also 
as a universal or even a global project. 





Discussion 

(H.P. Young and F. Toueg, Rapporteurs) 

Reference was made to a comment in the introductory presen- 
tation regarding the implied lack of continuity in the System 
and Decision Sciences area as a result of the personnel policy 
at IIASA. Further clarification of the author's opinion was 
requested. The latter replied that he thought his opinion was 
at least implicit in his remarks. Various people have brought 
particular interests with them when they came to IIASA, and these 
have flourished as research projects here. Naturally when they 
leave they take these projects away and new interests develop. 
Therefore he did not feel that the personnel policy needed to be 
changed for significant research to be done at IIASA. The policy 
as it exists now can be lived with. 

Several statements were made relative to the presentation 
of a mathematical programming energy model. Are elasticities 
included in this model? Would the coefficients change drasti- 
cally in the model with basic changes in the structure of the 
economy? The author pointed out that elasticity coefficients 
were not used because of a lack of confidence in the economic 
data available. Those involved with the model's development felt 
more comfortable with the approach that first estimated (with the 
help of industry experts and economists) the production changes 
that occur when there is a major realignment of prices, and then 
entered these changes as a new column in the model. The present 
plan is to incorporate certain satellite models of industries 
related to energy as, for example, those now being used at the 
Wharton School. These satellite models contain a variety of sub- 
stitution possibilities that would make the model more realistic. 
This is a refinement that is reserved for the future, and is 
therefore not incorporated in the model at present. 

One discussant expressed doubt that the u's in the model 
realistically represented the number of people in different income 
brackets, since an optimal solution might have only one or two of 
the u's different from zero. Could one assume a particular dis- 
tribution of the u's, and would this change the structure of the 
model? In the author's opinion, historically distributions have 
shifted to the right, which tends to favor the poor rather than 
the rich. A report on the effects of different assumptions on the 
distribution of the u's has been prepared at Stanford University. 

The view was expressed that to extend this model to include 
the remainder of the world, it was necessary to introduce the addi- 
tional variable of trade among the various parts of the world. 



Also, the balance of payments would have to be addressed. The 
author noted that the whole issue of dealing with the financial 
flows is a very complicated one. As to whether software systems 
were used in the model, he stated that all the codes used are 
based on some variant of the simplex method, and contain several 
hundred thousand instructions that make it easy for the user to 
change the data or correct errors in the model. He suggested that 
those interested consult with Dr. Orchard-Hays, a leading interna- 
tional expert on software systems who was present at the Confer- 
ence as a IIASA scientist. The systems used in the model are 
the MPS-3, and a nonlinear programming system developed by Michael 
Saunders. When asked to comment on the relationship of this 
model to that being developed by the Environmental Protection 
Agency in Washington, D.C., he replied that he was not familiar 
with the latter model, adding that his model uses the SEAS in its 
environmental coefficients. 

Two sources of data for the input/output coefficients of the 
energy flows in the PILOT model were used: historical figures in 
the amount of different energy types used in different basic 
industries, and a breakdown of consumer demand categories such as 
quantity of energy used for space heat. As to what drives the 
model, it was pointed out that the goal was to move as many 
people as possible into higher income brackets. The gross national 
consumption per capita is the key indicator for estimating the 
effects of different policy changes. 

A number of comments were made about the presentation on 
multiple objective evaluation. Has the quest for the quality of 
life been incorported realistically into the utility functions? 
Can one learn from experience how to readjust utility functions 
and increase their accuracy? It was the author's expressed 
belief that the quality of life considerations can be incorporated 
into utility functions. This is explained in a book that he 
co-authored with Howard Raiffa.* He also believed that preference 
structures over time can be adjusted. 

Discussion then centered on the presentation on resilience 
and related mathematical concepts. The question was asked 
whether the theory of difference equations also yielded the same 
type of complexity of stable solutions mentioned in connection 
with the continuous case. According to the author, this type of 
behavior is obtained in difference equations; in fact, in the 
case of certain difference equations you can get behavior analo- 
gous to the Lorenz attractor in two dimensions. On the other hand, 
in the case of differential equations, one needs three dimensions. 

Several discussants made some general comments. In ecologi- 
cal investigations, an interesting question is whether a parameter 

R.L. Keeney and H. Raiffa, Decisions with Multiple Objectives: 
Preferences and Value Tradeoffs, Wiley, New York (forthcoming). 



shift can lead to shrinkage of a particular stable basin even 
though the equilibrium point may remain fixed. In particular, 
certain parameter shifts may eventually lead to the disappear- 
ance of a basin altogether; however, this would not be percep- 
tible if one were already at the equilibrium point--that is, it 
would not be perceptible until the crisis itself occurred. 

Methodology plays an increasingly important role at IIASA. 
One interesting theme being pursued by the Methodology project 
is the description of qualitative aspects of complex systems. 
This is illustrated by the resilience concept. The problem of 
describing the qualitative features of complex systems has 
existed for some time, and has been studied by various researchers 
in different countries. Origin and motivation for making a 
qualitative systems approach lies in the fact that traditional 
methods for mathematical description may encounter insuperable 
difficulties simply because of the physical impossibility of 
encompassing the whole system by one set of equations. 

There are different approaches to qualitative modeling of 
systems, but their character is usually linked with a visual or 
topological type of presentation. For example, a mathematical 
description of the qualitative level of complexity has been 
studied by Academician Kolmogorov and his colleagues for nearly 
ten years. The essence of Kolmogorov's approach is to describe 
qualitative complexity with the help of topological methods, 
settery, and various other mathematical concepts. Another 
example is the theory of fuzzy sets. Mathematical linguistics 
has also been used in this context, in particular by Professor 
L. ~ a d 6  and his staff in the USA. Still another example is the 
von Neumann-Morgenstern theory of ordinal utility that describes 
qualitative aspects of complex social behavior. 

We are thus brought to the conclusion that the problem of 
qualitatively describing complex phenomena has been of interest 
for some time to many researchers in a variety of fields. For 
this reason it is essential that the work conducted at IIASA, 
including the work on resilience, must not be conducted in isola- 
tion from the international experience that has already been 
gained. It was suggested that IIASA stimulate the creation of 
a "bank" of methods, computational procedures, and descriptive 
tools for solving the various complex interdisciplinary problems 
that arise on the national and international levels. 
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