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PREFACE

In the field of global modelling, IIASA has assumed a monitoring role.
Whenever a major global model reached a state of completion, IIASA convened
an international conference of scholars working in this field to discuss the
assumptions, methodology and findings of the model prior to its final publi-
cation.

The first two IIASA global modelling conferences dcalt with “Mankind
at the Turning Point™ (April/May 1974) and the “Bariloche Model” (October
1974), respectively. The subject of the their global modelling conference is
“MOIRA” that is concerned with problems in the field of food and agriculture.
The model was developed by a group of scholars from the Netherlands.

This topic is of particular interest to developing nations, and ITASA is
greatly indebted to the United Nations Environment Programme for its sup-
port of this conference. As a result, IIASA was able to field the conference
on a much broader scale and to include as participants a large number of ex-
perts from developing nations.. Their contributions proved to be of great
importance, allowing an examination and discussion of the methodological
framework of the models directly from a viewpoint of the needs of these
nations.

These proceedings include invited papers and discussions; abstracts and
reference to full publications are given for those papers that have been pub-
lished elsewhere. Additional papers submitted to the Conference are available
from ITASA as pre-prints; a list of these is given in Appendix 3.

Permission from the copyright holders to reproduce some of the papers
and a number of figures in these proceedings is gratefully acknowledged.
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Address to the Conference

J. Gvishiani

Ladies and Gentlemen, I was very much impressed listening to the discus-
sions here today. I am sorry that, unlike other members of the Council, I
had no opportunity to be with you earlier, Needless to say, the Council and
the Institute are very grateful to you for your contribution to an increased
understanding of the possible role of ITASA. The studies that most of you
are involved in have great significance for the future of our planet; I am
sure that you do not need to be persuaded of the importance of this area of
research.

This Institute, as you know, is exceptional and unique, and is still in
the development stage. We are trying to define the scope of our activities,
and our influence on research that might be going on elsewhere; and we have
concluded that our involvement in global studies such as those being discus-
sed here should be strengthened. This was inevitable for an institution
whose role is not to consider very abstract areas, but actually to implement
something; that is why IIASA is the International Institute for Applied Sys—
tems Analysis. Our research in methodology--which as you know is a most
important project of the Institute--will help us to define more clearly what
we mean by "applied” systems analysis. And I think that the significance of
the discussions here transcends the substance of the problem we are here to
discuss: we are not only investigating food and agriculture and methodolo-
gies of global modelling, we are also seeking to enhance our understanding of
what is lacking in international cooperation so that we can promote substan-
tial progress in this sphere.

Many attempts of this kind are being made: this is our third meeting,
there are other meetings, there is the work of the Club of Rome and other
groups. More and more scholars are entering this field, but all complain
that there is a lack of data and a lack of specific methodologies. It might
be the role of the Institute to help, formally and informally, to bring
together the scattered forces devoting themselves to these complex problems.
We have another advantage though perhaps it is not yet being adequately ex-
ploited: we can bring together different cultures, different values, differ-
ent perceptions, and so try to make a scientifically independent assessment.

May I just say a few words without entering into methodological areas
too deeply. My own feeling--and I think some of you have commented in this
direction--is that we will surely have a system of models, or if you wish a
hierarchy of models, rather than a single model so comprehensive and exten-
sive as to be all-inclusive. Today, with all the advantages and disadvan-
tages of various models, we can try to identify the interaction between dif-
ferent classes of problems, of different magnitudes or levels of abstraction.
Owing to the lack of knowledge or the lack of systematization of existing
knowledge, scholars are faced with the choice of proceeding, knowing that
the scientific background in a given area is inadequate, or of not going



ahead at all. From this point of view, I feel that the Institute might be
of great help, perhaps in cooperation with UNEP--such suggestions have been
made several times--or perhaps with other institutions, both international
governmental and national non-govermmental, to collect objective data cover-
ing the whole spectrum of problems. This is something that the world scien-
tific community must strive for, since we must necessarily reassess existing
methodologies systematically. Along such objective lines one might then
build up an understanding of evolution and future development.

I want particularly to emphasize--and this was always my reaction when
faced with other models--that the omission of social and political trends
practically makes a model senseless: these considerations, whether really
normative to any degree, must be included. On the other hand, we realize
how difficult it is to apply scientific methodology to forecasting in socio-
political areas, though we may have to face the necessity of doing so. Thus
I come back to my conviction that there must be a hierarchy of models, the
most general of which--a really global model-—inevitably has to be rather
abstract. It should not include too many single facts known today, or which
we might discover tomorrow we must bring facts into a more or less compatible
form, bring them into the same class. Only then can we hope to understand
real interactions and explain the behavior of the model as a whole.

Moreover, I feel that this model must be descriptive. If it is suffi-
ciently descriptive, it is global, that is, at the highest level: a model
of what is known today and how we can systematize the knowledge. The model
itself is not the target; rather, it is an attempt to increase our under-
standing to the greatest degree possible, so that we can see the situation
of the world as a whole. And then we must have a number of more normative
models where directly or indirectly we are calling for certain actions.

Here it will depend on existing knowledge, and our ability to systematize

it and go ahead. This at least is the direction taken at the Soviet Academy
of Sciences, where we tried on both the regional and the national level to
develop forecasts that integrate the socio-political aspects into the socio-
economic picture and take all natural resources into account.

If we are dealing with a very big, large-scale model--one model with
which we seek to explain everything--we will inevitably be trying to deal
with too many facts. And so we thought it might be promising to reassess
our knowledge by using sectoral models, without attempting to interpret or
forecast. I like the expression I have heard here: 'conditional forecast-—
ing'"--the conditional being derived from independent assessment of trends
rather than from what we interpret into the model. Global modelling really
forces a new outlook, a new approach. We are still in some measure slaves
of the outlook we were born and raised with, but perhaps never before has a
problem so urgently called for a new methodology. The real scholar--and
this is how we want it at ITASA--will not come with certain prejudices and
certain a priori knowledge; he will be objective, and open to the outcome
of research. We want a team of scientists who do not limit themselves to
in-house research but cooperate with interested national and international
institutions in an effort to cope more systematically with the problems we
all face.

Thus for an assessment of existing knowledge, we need a descriptive
model, a global model; and then a number of subsystems, more specific models,
become the subject of further investigation. So today we have chosen a



specific topic for the third conference. Even at this level we see how
extensively it is interrelated with other problems. This is much like what
is happening within ITASA itself, what we are striving for: a redefinition
of the research program of the three years of our existence.

I sincerely appreciate your attendance here, and we will be happy to
have your advice--not only in tackling the questions that are the topic of
our conference, but also on the role this unique institution should play.
On behalf of the Council, may I again express my gratitude and wish you all
success in your research. I hope that, meeting you here, we may establish
closer, more formal contacts that may help us to deal with the important
problems we all face.

Thank you, Mr. Chairman.






Welcome and Introduction to IIASA

Roger Levien

Thank you very much, Professor Bruckmann. I join you in welcoming every-
body and in expressing IIASA's pleasure at hosting this third symposium on
global modeling. I suppose most of you are familiar with our previous
activities, but for those who are here for the first time, let me simply
report that our first global modeling conference was held in the spring of
1974 and was concerned with the Pestel-~Mesarovic model; our second conference
held in the fall of 1974 was concerned with the Fundacién Bariloche model.
Each of the models was doubly global: “global" in geographic extent and in
the number of sectors considered-—each includes population, energy, resources
and environment. Today, we are turning our attention to singly global models--
that is, models that are global in geographic extent but that focus attention
on one sector, that of food and agriculture.

This is an especially appropriate topic for IIASA to consider at this
stage in our development. In a few weeks we will celebrate our third birth-
day. In October 1972, representatives of twelve Academies of Sciences and
similar scientific organizations met at the Royal Society in London and
signed IIASA's Charter. In the period since then two additional national
organizations have joined the Institute. IIASA is now a non-governmental
scientific research institution founded and supported by member organizations
in fourteen countries. These are the Academies of Science of the United
States and the Soviet Union, and Academies or similar institutions in the
United Kingdom, Poland, the Federal Republic of Germany, the German Demo-
cratic Republic, France, Czechoslovakia, Italy, Hungary, Japan, Bulgaria,
Canada, and our host nation, Austria. But our concerns extend beyond these
fourteen countries. They are universal in the sense that we are concerned
with issues that, although they lie within national boundaries are shared by
all nations; and global in the sense that we study issues that cut across
national boundaries and cannot be resolved by individual actions of a single
nation. In the three years since the Charter was signed, ITASA has grown
from a staff comprising a small group of scientists in May 1973, to a staff
that now consists of about seventy scientists. Of course, there is a con-
tinuing flow and flux of scientists from different countries; but on the
average we have seventy scientists coming from all our fourteen member
countries, as well as from a number of other countries. Our annual budget
has grown to over 100 million Austrian schillings (about U.S. $6 million)
and our research program has grown from one to eleven projects,

The initial three year "start-up" period at IIASA is drawing to a close,
and we are in the process of review from which we hope to learn from the
experience of these first thirty-six months, in order to plan more effectively
for the future. Several facts have become clear to us from this review of
past experiences. First, with the current size of the professional staff
and the budgets we are likely to have in the future, the initial eleven
projects represent too broad a diversification of our scientific program.



We must now seek to coalesce them, to bring them together into natural
groupings so that we can concentrate on truly important issues. Second,

the topics that we define in any grouping have to be brought together in

such a way that, even though we may reduce the number of projects from

eleven to perhaps four or five, we can facilitate interaction and integration
among this smaller number. And third, we have to focus attention on exami-
ning alternative strategies for meeting the growing and changing future
demands, under the constraints imposed by our desire to have a pure environ-—
ment, a stable social system, and satisfactory economic conditions. Further-
more, we must help to develop the methodologies by which others can share
this quest both on a global scale and within their own homelands.

At present, we see the beginnings of some clustering. Let me use the
description of these clusters as a way of telling you about our current re-
search program and the direction of transition. At present, we are in the
process of research planning, so what I say today may change tomorrow. I
hope you will understand that I am describing a point on a trajectory.

One important cluster is that of studies concerned with population,
human resources, and human settlements—--that is, the way human beings are
grouped on the earth's surface. Two projects in this area are currently
underway at IIASA: one on urban and regional systems, and the other on bio~-
medical, or health care systems. We are drawing them together as part of
a broader concern for human resources and patterns of distribution on the
globe.

A second cluster of concerns is the issues that arise both from the
management of the large public and private organizations that affect our
lives and are the instruments of our objectives and goals; and from the
management of technology. Thus we are forming an area that focuses on
management and technology, and will bring together economists, management
scientists, and engineers. At present we have two projects that will
become a part of this area, one on large organizations that has carried out
retrospective studies of large regional development projects; and one on
integrated industrial systems that has looked at integrated, multi-level
management in the steel industry.

A third cluster is concerned with resources and enviromment. Obviously,
this issue is at the center of interest of this conference. We have three
projects that fit within this grouping. The Ecology and Environment Project
has sought to develop, through a series of case studies, a science of eco-
logical system management. Many of you may know of the work of C.S. Holling
and his group on the management of forest pests in Canada, of salmon fishing
in the Pacific, and of Alpine ecologies in Austria. A second project deals
with water resources, and looks at the management of river basins. Third,
the Food and Agriculture Project, under the leadership of Professor Ferenc
Rabar of Hungary, will be of particular interest to this conference. This
is a beginning project that we hope will grow and expand over the coming
years to become a major cross-cutting theme at the Imstitute. Most of you
will have the opportunity to speak with Professor Rabar during this coming
week, and I hope that there will be opportunities for consultations since
we are now at the critical state of initial planning for a large program in
food and agriculture. His work represents the point of a wedge, which I
hope will expand very rapidly during this coming year. Continuous and ex-
tensive efforts will be made to review current policy issues, to look at



what has been done worldwide in addressing food and agricultural issues,
and to define at IIASA a long-term program in food and agriculture.

The fourth grouping is concerned not so much with the applied policy
aspects of our research, but with the methodological issues that cut across
each of our probes into major policy areas. This group concentrates our
interest on developing a science of systems and decisions. Currently we
have two projects in this area. The Methodology Project was initially led
by Professor George Danzig of linear programming fame; he was followed by
Professor Tjalling Koopmans, the well-known mathematical economist, and later
by Professor William Jewell. We have just welcomed Professor Michel Balinski,
an applied mathematician from the United States, who will be staying with us
for three years to develop a stable and broad-based methodological group at
IIASA. The other project covers the computer sciences and has concentrated
on computer networks and their role as tools of systems analysis both inter-
nationally and within our own institution, This project is led by Dr.
Aleksandre Butrimenko from the Soviet Union.

I should say something about two other projects that do not fit into these
four research areas. One is the category that we call General Activities.
This is an important topic for us since it was under the leadership of the
General Activities area at IIASA that our exploration, reconnaissance,
and role as a catalyst and coordinator, or at lease disseminator of infor-
mation about global modeling grew. The work on global modeling has gone on
under the leadership of Professor Bruckmann and is now passing to Professor
Rabar. The other project is onme that I am close to personally. During
my first year at ITASA I led the Survey Project which is concerned with
developing a series of individual volumes on the international state-of-the-
art of applied systems analysis. We have a number of initial volumes under-
way, about six all together. One of these will be on the methodology of
global modeling, which will be co—authored by Professor Rabar, and Dr.
William Nordhaus from Yale. We hope there will be contributions from many
of you at this conference.

So, these are the groupings of IIASA's interests. As you can see, they
are global in extent. The titles that I have mentioned span the sectors that
one would be concerned with in any attempt at global modeling, or any inte-
grated concern for future global development. Obviously, with seventy
scientists we cannot hope to have depth in each of these areas. IIASA is not
attempting to be self-contained, in the sense of having to do everything
itself in each of these areas; rather it aspires to be the tip of an iceberg,
the point where the work that is going on worldwide can be extended, used,
and brought together. We can fulfill our role as a link among many teams
represented here and elsewhere, and also we can add that additional in-~
crement of East-West exchange of scientific information.

Now, as I said earlier, these four or five basic areas should be linked.
We have in mind accomplishing this at two geographical levels. First, we will
bring together investigations of resources, human settlement, and management
and technology at a regional level. We are developing at IIASA a cross-—
cutting program on integrated regional development that will look at the
interaction between industrial, urban, environmental, resource, and other
sectors in the exploitation of regions, especially those with rich natural
resource bases. This work has begun with two retrospective studies: the first,



which began with a conference last October in Baden, was a study of the
Tennessee Valley Authority experience in developing the six-state region
around the Tennessee River valley in the United States. That was followed

by a field visit by an international team that looked carefully at the forty-
year history of the Tennessee Valley Authority, its management techniques,

and so on. This international team is headed by Professor Hans Knop from

the German Democratic Republic. Some of the study team members are here today;
you might want to speak with them about this work. They include Academician
Abel Aganbegyan from Novosibirsk; Professor Gavriil Popov from Moscow State
University; and Professor Andrzej Straszak from Warsaw. They are at present
completing their status report, which will be given later this week; publi-
cation will follow. What is more important from our point of view, is that
there will be a second retrospective study focused on the Bratsk-Ilimsk dam
development in Eastern Siberia. This study is being organized and led by
Academician Aganbegyan under Professor Knop's overall leadership. It will
begin with an international conference here, and will be followed next summer
by a study tour in Siberia. These two retrospective studies of large regional
development efforts give us a base of experience from which to begin to con-—
sider the methodological and organizational issues of integrated regional
development.

To give some cogency and practicality to this task, we intend to work
closely with scientific organizations in our member countries and elsewhere
on pilot studies. The first of these studies will be carried out in Poland,
where a new regional development southeast of Lublin, is planned that will
exploit major coal resource. Under Professor Straszak's leadership, we hope
to have a joint association of the Polish group working on this regional
development and the ITASA group. There is also a group in the southwest of
the United States under the leadership of Professor Allen Kneese that, we
hope, will also be associated with our study. We are seeking additional
regions that can serve as pilots for our integrated regional development
study. One way to bring together the many subtasks of our institute is to
combine them in investigating the integrative development of a region.

The second gographical level at which the integration can occur, and
the obvious one of concern to those attending this conference, is the global
level. Here, too, we hope to cut across the separate tasks underway at
ITASA, and to address issues of global concern. Our tactics differ slightly
in this case. One possibility would be to study simultaneously, in an inte-
grated way, the many sectors at the global level, as has been done in the
Meadows' models, the Pestel-Mesarovic model, the Bariloche model, and so on.
At present, however, we have chosen to pursue a strategy that focuses in
sequence on major sectors; as our resources grow, we will add to them and
also look at the integrative methodology. This is in part an intellectual
choice, and in part a practical choice. The major project at ITASA, the
largest one, the one which began first, and which has had the most public
exposure, and I think in many ways has achieved the deepest scientific
results, has been our Energy Project, under the leadership of Professor
Wolf Haefele, from the Federal Republic of Germany. This project looks at
energy in a number of dimensions, but has its major focus on medium—- and long-
term energy strategies at the global level. Thus at the Global level we are
now trying to use this major energy study as an integrative focus for
activities throughout the Institute. Soon, we will add to it our concern for
food and agriculture, developed under Professor Rabar. And, as our resources



permit, we will add environment and other major global concerns. At the
moment, our tactics are to focus deeply on particular sectors so as to under=
stand them well and then to build up from that level to more aggregative

studies.

This conference is therefore timely in many ways for IIASA. We are
currently planning a research program that has a global perspective, and a
major food and agriculture focus. During the coming year we will build this
study of global food and agriculture, do surveys of ongoing work, begin to
do some modeling, data collection and problem identification. This
Symposium is our way of giving a crystalized beginning to these efforts. We
are looking forward to the discussions at the Symposium and to the recom-
mendations and the information that the Symposium will provide. We welcome
you and wish you success in the meeting today and for the rest of the week.
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Introduction to the Conference

Ferenc Rabar

TIASA is a young institution with old traditions; one of these traditions
is that of organizing conferences on global modeling. We are proud that
several global modeling efforts have been presented first at ITASA.

Three years ago, Professor Dennis Meadows held an informal seminar
within IIASA; his global model was already well-known worldwide. The first
modeling conference organized by IIASA was held in the spring of 1974 at
which Pestel and Mesarovic presented for the first time their global modeling
efforts. The second conference held in the fall of 1974 was concerned with
the Fundacidn Bariloche Model which was also presented for the first time.
This third conference again introduces a new model, the outline of which was
presented at Alpbach. But, I think that from the methodological point of
view, this will be the first time that experts can discuss the technicalities
of this model. Thus, this conference is a continuation of old traditionms.
But not only the traditions are important, but also the changes. At this
conference we would like to introduce some slight changes. In general, con-
ferences consist of a loose bunch of papers read as monologues by different
people to an audience of "listeners'. What we would like to have here is a
dialogue, a comparative evaluation of the different models. So we expect
participants to react to each other's remarks, to address each other and to
relate their problems to the problems of others. If we think in these terms,
you will understand how we tried to structure the agenda. The first day we
will hear the presentation of this new world model, which is narrower than
other models since it concentrates only on food and agriculture. This pre-
sentation will continue into the second day, after which we will hear reports
of modeling efforts by the Bottomley group in the U.K. and by Kaya in Japan.
On the third day we will discuss the submodels of food and agriculture that
have already been presented in the different global modeling efforts. Comments
will be heard from Donella Meadows, from representatives of the Pestel-
Mesarovic group and of the Bariloche group. The afternoon session of the
third day will be devoted to discussing not only the methodology but also
the various aspects of food and agriculture problems; we will also assess
some of the major problems in food and agriculture worldwide. Several of
the papers to be presented deal specifically with this topic, especially
those of Etienne and of Sanderson of the Brookings Institution, where a
model will be developed in food and agriculture; at present the Institute
has completed a clear assessment of the problem.

On the fourth day we will try to summarize all that has been accomplished
in the previous days. We will hold a panel discussion at which the different
models presented at the conference will be compared and evaluated by those
who presented them.

In my opinion, there are two necessary things to bear in mind. First,
those presenting their models should try to relate their concepts to those
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of the other models already presented. They should try to clarify their
assumptions contrary to others, to mention the implications of their models
as compared to others, and so forth. I would like, therefore, to ask those
who will make the presentations to think in these terms.

A second point perhaps attacks the same problem from a different view-
point. T would like to ask for the participation of those who are already
well-known worldwide for their critique of global modeling. I mention here
Professor Cole of the Sussex University, Professor Rademaker from Holland,
and several other experts here who are equally outstanding and who know well
all the global modeling efforts presented up to now. I ask them to listen
to the different papers presented, bearing in mind these concepts, and to
play the key role at the panel discussion.

That is our general idea about the structuring of the agenda and about
the techniques we would like to use during the discussions. Now it is time
to begin with the presentation of the papers.
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Food for a Growing World Population

J. De Hoogh, M.A. Keyzer, H. Linnemann,
and H.D.J. Van Heemst

Introduction

1. The sudden scarcity of important basic foods and the unprecedented

prices which have been asked on the wortd market during the last
few years have drawn the public's attention to the uncertainty of the
world food supply. In 1972 and 1973 disappointing harvests caused major
shortfalls in international trade, and the world's stocks (particularly
of grains) proved to be quite inadequate to absorb these shortages. The
tripling of international grain prices which occurred in the period 1972-
1974 meant an enormous decrease in purchasing power, particularly for the
food importing countries, and also caused food aid programmes to be
strongly reduced.

All this formed the reason for the World fFood Conference held by the
UN in Rome in November 1974, where plans were devised by which the world
might be better ensured against the risk of fluctuations in food produc-
tion (UN World Food Conference, 1974).1)

However, hunger and malnutrition are not only caused by scarcity
and high world market prices, as has happened during the last few years.
Even in times of low international prices and increasing surpluses, as
in the 1960s, large groups of the world population are unable to obtain
sufficient food. The situation on the world market is a very crude indi-
cator of the relation between need and availability. Conditions on national
and regional markets may be quite different to that on the world market.
Moreover, the markets show only the demand of the well-to-do. Those with
insufficient purchasing power (incomes) may still suffer hunger and mal-

nutrition even though the market supply is fairly large and prices are low.
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2. Just as other commodities, food is not distributed on the basis of
need but on that of purchasing power. Many people in the wor!d are so
poor that they are unable to satisfy even their most elementary needs for
food. The great majority of fhesé people live in the developing countries
where average incomes are low, partly because the level of agricultural
productivity is very low - and the greater part of the population is en-
gaged in agriculture. Moreover, income distribution in such countries is
very unequal, and the incomes of a relatively large part of the population
are below the average. The amount of available food is strongly dependent
on domestic agricultural output. This applies to the many small farmers
who produce chiefly for their own use. But it applies also to the develop-
ing countries whose means are insufficient to allow them to Import in
such quantities that domestic food supply can be made independent of domes-
tic production. Roughly two-thirds of the worlid's population live in coun-
tries that are so poor that they depend for food chiefly on the fairly low

production that takes place within their own borders.

Research into World Food Supply

3. The occurrence of hunger and malnutrition is a structural probiem
which unfortunately is likely to gain in severity. The strained
relationship between food needs and food production is likely to be
increased by the rapid population growth in the developing countries.
According to the first report drawn up on the initiative of the Club
of Rome (Meadows, 1972)?) the world food supply - assuming a continuous
growth of population and industrial production - in the course of the
21st century will stall catastrophically against the natural limitations
of agricultural production, The second study (Mesarovié and Pestel,
1974)3)is also very somber in its opinion of future world hunger and
malnutrition.

Since 1972, the Economic and Social Institute of the Free University
of Amsterdam has been engaged in investigating by which factors the
evolution of production and the use of food in various parts of the world
are determined. This study is concerned particularly with the year 2010,

when the world's population will be roughly twice as large as in 1970.
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The research was initiated on the suggestion of the Club of Rome, and is
carried out in close cooperation with the Centre for Agrobiclogical
Research (CABO) at Wageningen, the Department of Tropical Soil Science
of the Agricultural University of Wageningen, and the Institute of
Agricultural Economics at The Hag.e The study is based primarily on

FAO data.

4. Within the framework of the research much data have been compiled
regarding global production and consumption in the base year 1965,

A few figures are given below and also in Tables | and 2:

- in the industrialised nations (the Western market economies and
Eastern Europe including the USSR), which house 30 percent of the

world's population, more than half of the world's food is produced

and also consumed. Seventy percent of the world's population therefore

has to make do with less than half the total amount of food;

- food production per head of total population of a country is usually
higher in countries with higher tevels of income and wealth, In
North America, for example, six times as much food is produced per
head of population as in South Asia. Moreover, North America uses
a much smaller percentage of its working population to produce this
food than is the case in South Asia;

- per capita food consumption in a country is closely related to the
national per capita income. !n the richest countries the use of
vegetal raw materials is four times as great as in the poorest

countries; expressed in calories, however, the ratio is 1.5 : 1

because in the menu of the rich consumers the share of animal products,

for example, is relatively large;
- calculated per head of the world population, there is sufficient
food; if it were evenly distributed no-one would need to suffer

deprivation,

5. There are many technological methods by which food production in
the world can be increased. On the basis of a detailed inventory of

soil characteristics, rainfall, temperature and sunshine, the Wageningen

members of the team have calculated that - according to natural restric-

tions to the growth of agricuitural crops - the earth is capable of pro-
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ducing 30 times the present amount of food (Buringh, Van Heemst and
Staring, 1975)?) A great deal of agriculturalliy-suitable land is not
yet used; but above all, production per hectare could be considerably
increased. According to these data, there ought to be sufficient food
both now and in the future; the worid food supply is thus not primarily
threatened by the finiteness of the earth.

This fact represents a point of departure for further study rather
than a conclusion in itself. Maximum production is calculated on the
hypothesis that all growth circumstances which can ba influenced by man
are optimal, That is to say: perfect water management, soil cultivation,
fertilisation, maintenance, pest controi, and environment protection.

A hundred percent satisfaction of these conditions would require a
tremendous input of capital, labour and knowhow, not only in agriculture
itself but also in the associated infrastructure. And this is the core

of the problem: which factors determine or restrict the rate at which the
input of production factors in the agrarian sector increases, allowing
greater use to be made of the very great production potential? This was
the central problem fo be examined by the research team.

The calculated non-utilised 'capacity' for food production is thus
merely an indication that the world food supply is not endangered by the
limitations of 'mother nature' - for the coming decades at least. But
nothing has been said so far about the probable developments in that
period, because these depend above all on a complexity of economic,

social and political factors.

A Model of the World Food Situation

6. An in-depth analysis of the world food situation is necessary if we
are to learn on which factors the future developments of food produc-
tion and consumption in various parts of the world will depend. The focus
of the research therefore lay in an attempt to explain the circumstances
and relations which characterise the world food supply and its develop-
ment over time. The complexity of the linkages in national and inter-
national relations and the necessity for quantification were the reasons
why this explanation has taken the form of a4 mathematical model, given

the name of MOIRA: Model of International Relations in Agriculture.
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A mode’ shows reality in schematic form. The manner and degree of
formal isation depend to some measure on the purpose of the research.
This particular research was intended primarily to increase insight into
wor|d-wide |inkages and their significance for the development of the
food situation in various parts of the world. it is an attempt to expand
on earlier world-wide model-type studies, at least for as far as the
food sector is concerned. With this objective in mind, an attempt has
been made to describe human behaviour in the food supply process, not
only of consumers and producers but also of governments which may exer-
cise a significant influence on the domestic food price level, for in-
stance, and in this way on the purchasing power of consumers and on the
incomes of the agricultural sector. The introduction of government
behaviour is also an essential element in the analysis of international

linkages that exist through the world food market.

7. The volume of production and consumption of food is measured in
kilograms 'consumable protein', i.e. the amount of proteins present

in all vegetal agricultural products which are edible for the human being,

plus the proteins in animal products for as far as these are generated

by vegetal cattlefood which is not suitable for human consumption (roughag¢

waste etc.). Total agricultural product is expressed in this unit, and

substraction of the amount of protein in non-food products (wood, cotton,

wool etc,) yields food production. It is assumed that the share of non-

food products in total agricultural product remains equal over time, or

is anyhow given exogenously.

Total consumption, expressed in this unit, shows the demand made by
the use of foodstuffs on primary sci! production in agriculture. Processin:
losses (e.g. by the production of meat on a grain basis) entail that
'consumable' does not equal 'consumed'. The relation between consumable
protein and consumed protein varies strongly with the income level of
the consumers; between countries, the averages vary between 1.2 and 3

(see Table 2, last column),

8. MOIRA describes from year to year the production and consumption of

food per country or group of countries. There are a total of 106
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geographic units; results are shown for the sake of convenience for
ten regions of the world only.

The agricultural sector of a country Is the smallest unit as far
as production is concerned; in the model, therefore, 106 production
units annually take a certain decision regarding the ievel of produc-
tion.

Consumption is given more detailed treatment. Average food consump=
tion per capita of a country may mask great differences within that
country's borders, particularly as regards income inequality, and
throws insufficient if any |ight on possible hunger. With this in mind,
the consumers of each country (with the exceptlon of the three centrally
planned country groups) have been divided into Income classes, six for
the agricultural population and six for the non-agricuitural population.
For each year the model thus calculates the food consumption of roughly

1250 consumer groups.

9. The mode! explains the size of agricultural output as depending on

the efforts of the farmers (the agricultural sector) to combine so
many variable production factors with the (short-term) given inputs (in
particular, labour and soil) that their incomes (i.e. the value-added of
the sector) are as high as possible. The prices of end-products and of
means of production are taken as a given that cannot be influenced by
the agricultural sector; it is also assumed that the farmer bases the
expected price for his end-product on the prices he has received in
preceding years,

Furthermore, the producer is assumed to be familiar with the
technical ities of the production process under the prevalling natural
circumstances, Thuse technlical relations are described by the model with
a production function, estimated with the aid of a cross-section over
106 countries. In this comparison, yields per hectare are assumed to be
dependent on the amount of labour and of labour-substituting capital
available per ha (the so-called operating capacity), in such a way that
enlargement of this input per ha is subject to diminishing returns. The
curve approaches asymptotically the maximum possible level of yield per
ha mentioned above, determined ex ante for each of the 106 countries.

This so-called soil-intensity function relates agricultural output and
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operating capacity not to actual agricultural area but to the total

area of each country that can potentially be used for agricultural purposes.
In effect, this means that the two forms by which production can be
augmented - i.e. increased yields per ha and increased area of agricul-
tural land - are not differentiated; they are described by one and the

same technical relationship. This strategam was adopted due to lack of

data. As a result, it is impossibie to distinguish which of the two

forms of production enlargement (or a combination) gives rise to the
production growth generated by the model over the course of time.

The production function is coupled to a demand function for fer-
tilizer; the latter is therefore considered as a production factor which
is complementary to the input of iabour and labour-substituting capital.

Movement along the production function derived from cross-section
data is only possible if the level of production technology changes. It
is assumed that in the long term technological improvement will actually
occur if producers strive to attain higher yields per ha; technological
developments in the model are thus endogenously determined. In the short
term, however, the given level of technology can make it impossible to
achieve higher production. Changes in the level of applied production
techniques require time (research, training, infrastructural investments,
etc.). This time factor is accounted for in the model by built-in |imi-
tations to the growth rate of total production and to the rate at which
the amount of capital used per unit of labour may change.

The size of the agricultural product in any given year is dependent
not only on decisions taken by the producers. Chance fluctuations in the
harvest as a result of weather conditions, the occurrence of disease etc.,
are introduced into the model on a regional basis by assuming the repeti-

tion of annual harvest fluctuations over a historic period.

10. The amount of agricultural labour used in any year is taken as given,
In the course of time, this important production factor is subject

to change as a result of two developments: natural population growth and

the outflow of people from agriculture to the non-agricultural sector.

The model explains these changes as being due in particuifar to the income

inequal ity between the agrilcultural sector and the rest of the economy;
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the distribution of population over the agricultural and non-agricultural

sectors also plays a role.

11. The behaviour of the food consumer is described by a consumption
function which explains per capita use of consumable proteins as
determined by per capita income and food price levels. This functlon has
also been estlmated with the aid of a country cross-sectlon In which allow-
ance is made for the distribution of income within the respective coun~
tries. In addition to this relation regarding the consumed volume of ele-
mentary agricultural products (measured in consumable proteins), a second
function shows the relation between the consumer's food expenditure and
the size of his income. Combination of these two relations gives the
value increase due to processing of primary raw materials (in the form
of both processing within the agricultural sector and in the food in-
dustry). This value increase due fo processing, which partly determines
the difference between the producers' price level of agricultural raw
materials and the consumers' food price level, is in turn strongly |inked

to a country's level of prosperity.

12. With regard to the behaviour of governments of the various countries,
it is assumed that they try to establish a certain distribution of in-

come between the agricultural sector and the rest of the economy with

the aid of the domestic food price level. This sectoral income distri-

bution thus reflects to some extent the political power relations which

pertain between urban and rural areas, and which are in turn connected

to the prevailing material and institutional circumstances. Using agaln

cross~section analysis, an attempt has been made to link the great dif-

ferences which exist between countries with regard to the relative in-

come position of the agricultural population with such characteristics

as agriculture's share in the national income, population density, and

actual per capita income in agriculture. This statistical analysis can

only partly explain the differences between countries; the remalnder is

attributed to institutional factors which are difficult to measure, and

is therefore taken up as a structural characteristic of the government's

behaviour in the country in question. The government is thus accredited
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with an objective via this parity function which 1s endogenously generated
by the model. From this follows the ratic which it tries to attain between
agricultural and non-agricultural per capita incomes. From this income
ratlo the model derives the desirable domestic price level of food pro-
ducts (glven the prices of production inputs purchased by agriculture
and given the level of technology in the domestic agricultural produc-
tion process). The price level defined in this way may be considered
as the market price, corrected by any other income transfers (positive
or negatlve) through taxation and subsidies, expressed per unit of out-
put.

It Is assumed that the government principally uses market Inter-
vention as the method with which to achieve its agricultural Income
policy target. Further, that the instruments of this price policy con-
slst of trade policy measures which are intended to keep clear of dis-
ruptive price influences from the world market. Such measures (levies or
subsidles on imports and exports; quantitative restrictlons on foreign
trade) have thelr consequences for the government budget. Under certain
clrcumstances the desired domestic price policy may strand on prices that
would be too high for the national treasury (for a food importing country
at high world market prices; for a food exporting country at low world
market prices). The desired domestic price level will then be impossibie
to malntaln; if the budgetary burden is too high, world market prices
will influence the domestic prices. The price policy in the model is
therefore subjected to budget restrictions (expressed in a percentage of
the income of the non-agricultural sector).

This also introduces the significant fact that wealthy countries
(because they are rich) are better able to isolate their domestic food
markets from the w>rid market than are the poor countries whose much smal-

ler budgetary capacity will usually be far sooner exhausted.

13, With regard to the centrally-planned economies, distingulshed as

Eastern Europe including USSR, China et al, and Cuba, it is accepted
that decisions regarding agricultural production are taken by central govern-
ment on the basis of material objectives, and not on the basis of price

levels. It is assumed that these (groups of) nations wish to achieve self-
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sufficiency in domestic food needs. The model derives increase in demand
via the consumption function from the growth of national product and of
population (exogenous variables). Labour is withdrawn from the agricul-
tural sector to the extent that it is needed to realise production growth
in non-agricultural sectors. |f agricultural output does not equal do-
mestic demand (e.g. because of harvest fiuctuations), some amount of
import or export may take place.

Lack of data made it impossible to distribute consumers in the cen-
trally-planned economies into income ciasses. The model thus calculates
average per capita food consumption solely on the level of country groups.
Hunger and malnutrition for this part of the world's population are there-

fore not shown.

International Relations

14. The behaviour described above of the most important groups of actors
in the food provision sector determines how the production and con-
sumption of food in the respective countries (or groups of countries) will
react over time to economic developments outside the agricultural sector
and fto population growth, two important exogenous variables in the model.
Developments in the food supply sector in various parts of the world
are not independent of each other. Price formation on the world food mar-
ket brings the national markets into contact with each other to a greater
or lesser extent, dependent on the competitive conditions pertaining on
the domestic market and the restrictions on national food market policies.
Moreover, the international price level affects real national income for
as far as the |atter is dependent on import expenditure or on food ex-
port receipts. The domestic price level is the resuit of the price level
aimed at by government and of the effect of the world market price. This
latter variable results from the total of demand and supply positions of
the countries in international trade. The mode!'s itirative procedure cal-
culates the world market price which, partly through its effect on national
incomes and possibly also on domestic prices, brings ftotal consumption
and supply into equilibrium. Allowance is made for the fact that inter-
naltonal lrado can pavkly bridge Imbalonces belween demand and supply by

means of stockpiling.
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The domestic price level that is related to this equilibrium price
in international trade is an important variable in producers' decision-

making regarding the size of the coming year's supply.

15. The balancing mechanism represented by the world market is very

defective in its functioning. Food consumption is not particularly
sensitive to price changes on the world market, especially in the rich
countrles. This is primarily a result of their high level of prosperity;
the price elasticity of the total demand for food is consequently small,
while the national incomes of these countries are also relatively insen-
sitive to changes in the value of food imports and exports. Secondly,
the rich nations protect their domestic food prices to a strong extent
against international price fluctuations. The result is that consumers
in these countries are very little affected by possible scarcity or sur-
plus on the world market, and their consumption patterns remain almost
unchanged. This considerably increases the instability of the world market.
Major world market price increases can be caused by scarcities resulting
from poor harvests, certainly if stocks are insufficient. Importing coun-
tries which are tfoo poor to protect their domestic markets against such
massive external influences are then forced by the high prices to adapt
their consumption patterns. In this market constellation the financially
weak countries thus fulfil a buffer function, although their consumption
patterns offer them the least latitude. This characteristic of the model
seems to be a fairly faithful representation of reality as shown by the
experiences of the past few years.

Over the years supply of agricultural products in the richer coun-
tries shows the greatest sensitivity to price changes. As the agricultural
sector becomes more market-oriented - both as regards the sale of products
and the purchase of means of production - an increase in food prices,
ceteris paribus, has a relatively greater effect on income and therefore
is a stronger incentive fo invest. It is true that producer prices in the
rich countries are strongly protected by government against developments
of prices on the world market, but the model shows that even the assumed
restricted percolation of international price influences has undeniable
effects on total supply. In this respect, too, the model seems to be fair-

ly realistic; consider, for instance, the Common Market's expansion of the
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sugarbeet area in reaction to high international suger prices, or the
strong expansion of wheat production in the USA after 1972,

High world market prices as a result of poor harvests and insuf-
ficient stocks thus have the greatest effect on the poor countries in-
asfar as consumption is concerned; but with regard to production, the
reaction is to be expected sooner in the agricultural sectors of the

rich nations,

Exogenous and fndogenous Variables

16. Although given incidental mention above, the exogenous variables

of the model are to be mentioned explicitly:

(i) Economic development outside the agricul tural sector. Although

the growth of value-added outside agriculture is in reality not
independent of agricultural development (certainly not in the developing
countries), in our partial agricultural model we have been forced to
assume a one-sided external influence. In simulations with the model up
to the year 2010 the accepted income growth in the non-agricultural sec-
tor is derived from Leontief's latest long-term projections regarding the
development of national incomes of many groups of countries, as modified
by the World Bank.S)Since it may be accepted that in the process of eco-
nomic development the non-agricultural sector will grow more quickly than
the agricultural sector, the growth rates of the non-agricultural sector
are assumed to be somewhat higher than Leontief's overall growth rates,
in particular for countries where agriculture still has a significant
share in the national income. To justify to some extent the mentioned
relation between non-agricultural development and the increase of agri-
cultural producticn, the exogenous growth rates have been |owered for
the poorest countries if they were hard to reconcile with the endogenous-

ly calculated growth in agriculture.

(ii) Population Growth. Here, too,treatment as an exogenous variable

leaves out of consideration any feedback of the food sector to this
variable. It is quite conceivable that hunger and malnutrition (and the

level of wellbeing in general) are of influence on demographic variables
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such as birth and death rates. However, uncertainty as regards the sign,
size and time dimension of these effects forced the model builders to
choose between a strongly hypothetical treatment of these |inkages, and
the simple introduction of population growth as exogenous variable. Pref-
erence was given to the latter. The population growth rate assumed in the
model simulations is based on the latest UN prognoses, as elaborated by
the World Bank.6) These growth rates have been used for both the agri-

cultural and non-agricultural populations.

(ii1) Income distribution. In order that hunger and malnutrition shou!d

become clearly perceptible, the agricuitural and non-agricultural
poputations of market economy countries have been divided into six income
classes with their respective shares in total sector incomes. This clas-
sification is made or estimated on the basis of data (sometimes very
scanty) about income distribution in the base year 1965. It is assumed
that this relative nominal income distribution per sector per country will
remain unchanged during the period investigated (until 2010), notwith-
standing the nominal increase of total incomes which will occur. Here,
too, it is necessary to mention the arbitrariness of this assumption.
However, theoretical and empirical information regarding the relation
between economic development and income distribution (whether in or out-
side the agricultural sector) is so defective that any semblance of an
integral approach has been avoided by introducing income distribution as

independent of other exogenous magnitudes or of endogenous developments,

(iv) Price developments of agrarian production factors. The use of fer-

tiliser and of mechanical aids is determinant in the model for the
size of agriculture's annual purchases in the non-agricultura! sector.
The actual price development of these inputs is considered as an exo-
genous datum, A separate model has been developed for fertiliser in which,
based on the cost structure of investment, transport and distribution,
the course of future product prices is estimated. Price developments for
raw materials (oil, gas, coal) and of investments prove fo be the deter-
mining factors; physical scarcity of raw materials for fertilisers is

appurently not likely in the period until 2010.
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17. Over the period 1975-2010 the model generates a large number of

endogenous variables. The results of the model simulations are
presented in a selection of these variables for groups of countries.
Obvious figures in this connection include the size (in kilos of con-
sumable protein) of food production and food consumption, in total as
well as the average per head of population. From this can be calculated
the degree of self-sufficlency in food. Also, the size of agricultural
and non-agricultural population is given for each year. Further impor-
tant variables include the indicator of the world market food price and
the size of world stocks.

The occurrence of hunger Is a vivid criterion of the world food
situation. The model calculates for the market economies the number of
people who have less food at their disposal each year than the minimum
norm. This food norm varies from country to country, dependent on the
age structure of the population and the make-up of the food package. On
average, the norm is 25 kilos of consumable protein per person per year.
It will be clear that the calculated total of underfed people can be a
global indicator of the extent of hunger, and that the development over
time of this variable is more telling than the absolute number.

In view of the divergence of interests between agricultural and non-
agricultural population as regards food prices, the model distinguishes
between hunger inside and outside the agricultural sector. Gross and net
hunger are also distinguished, the difference being the effect of (pos-
sible) food aid.

Uncertainties with regard to Long-term Developments

18. With the aid of MOIRA we first examined how the world food situation
will develop in the period until 2010 under the assumptions mentioned
above regarding the exogenous variables.

According to the model, the comparitively fast economic growth in the
non-agricultural sector and the related increase in food demand will cause
a relative scarclity on the world market (see Table 3, column 1, and the
figures 1, 2 and 3). The international price level will fluctuate between

prices which will be 2.5 - 4 times as high as the price laevel in tha buse
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Figure 1

Development of population and volume of food production in regions of the worid
until 2010 (indices 1965 = 100) under the assumption of unchanged policy and

relatively high income growth outslde agriculture (comp. Table 3, column 1).
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Figure 2

Food consumpticon per caput (in kg consumable protein) in regions

of the world (assumptions as in Fig. 1).
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Figure 3

Development of hunger in the world: food deficit (in 108 kg
consumable protein) of people with a consumption below

minimum food standard (assumpticns as in Fig. 1).
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year 1965. In the year 2010, the world food production will be more than
2.5 times as high as in 1975 and will thus increase slightly faster than

population growth., Nevertheless, during this period the number of people

who have less than the minimum necessary amount of food will quadruple
to a total of about 1.5 billion., Average consumption per head of popu-
lation will hardly increase in the densely populated developing countries
(in particular South and Scutheast Asia); hunger will mostly expand in

these countries, especially among the non-agricultural population whose
numbers will increase strongly. In the rich countries, but also in Latin
America, Tropical Africa and the Middle East, per capita food consumption
will burgeon considerably. The differences in the world will thus grow
even greater (fig. 2). According to these model results, North America
will strengthen its position as important exporter of basic foods.

Developments in the world food supply situation prove to be rather
sensitive fo the growth rate of incomes outside the agricultural sector
which increase the demand for food but also influence the rate at which
labour will leave agriculture. In order fo test MOIRA's sensitivity to
this exogenous variable, an alternative simulation run made use of halved
growth rates for non-agricultural income (see Table 3, column 8). The
model then calculated world market prices which were far lower than
those in the standard run, fluctuating now around the price level of the
1960s. Food production will double in the period 1975-2010, just keeping
pace with population growth. Hunger in that period is on average almost
50 percent greater than in the standard run, as a result of lack of food
in rural areas. In the densely populated Asian countries, average per

capita consumption decreases.

[ The rate of population growth is also an important factor. An alter-
native simulation run with growth rates that are 50 percent less
than the UN figures in the standard run shows that the extent of world
hunger will then increase tess (in 2010 twice that of 1975).
In order to test MOIRA's sensitivity to income distribution, the
effect on the focd situation ot gradually decreasing internal income
inequalities (fo only 50 percent of their original magnitude) was con-

sidered. It oppeared that, under this assumption, the number of people who
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will obtain less than the minimum necessary amount of food wili 'merely!

double during the coming 35 years.

20. Varying degrees of uncertainty exist with regard to the future
developments of all these exogenous variables. In view of the sen-
sitivity of the werid food situation tfo these developments, MOIRA has
only very relative value for prognostic purposes. Its utility is chiefly
in iilustrating the cumulative short and long-term effects of a certain
external influence or of a purposeful political intervention on develop-
ments in world food production and consumption. This characteristic of
the model is used to evaluate different forms of internationally-coordi-
nated food policies whose aim is to eliminate hunger in the world, or at
least to minimise it. This objective is relevant under all circumstances.
All simulation runs with alternative assumptions regarding exogenous va-
riables have one thing in common: if policies remain unchanged the number
of people who cannot obtain sufficient food will increase. MOIRA conveys

this impression with some certitude.

Policy Alternatives

21. The following policy measures were examined to see In how far they
could eliminate or reduce the extent of hunger in the period 1975-
2010.

(a) Measures intended to achieve redistribution of the available food

in the worid:

- reduction of food consumption by the rich countries (Table 3,
column 2);

- food purchases by an international food aid organisation (financed
by the rich countries) which will distribute this food to the under-

fed population groups (Tabie 3, columns 3 and 9);

(b) Measures intended to stimulate food production in the developing

countries:

- regulation of the world food market in order to stabilise inter-
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national prices; the price level pursued on the world market is a
policy variable whose influence is tested (Table 3, columns 4, 5,
10 and 11);

- on the other hand, the effect which |iberalisation of international
trade would have on developments in the world food situation is also
examlned;

- a third scenario in this category assumes that the governments of
developing countries wish to achieve higher incomes for the agri-
cultural sector than ensues from the institutional income distri-
bution between agriculture and non-agriculture which is in first
Instance maintained in the model (according to the so-called

parity equation).

In the first instance, these policy measures were tested as to
their individuai influence on the development of world hunger. Based
on these findings, combinations were designed in order to establish
which packet of measures within the framework of international policy
would be of the greatest benefit to world food supply during the com-

ing 30 years (Table 3, columns 6, 7 and 12).

22. According to MOIRA, moderatlon of food consumption I{n the rich

countries will in Itself not lead to any Improvement In the food
supply In the countries where great hunger prevails (Table 3, column 2).
On the contrary, in fact. The reduction of effective demand, which is
what such a consumption restriction amounts to, will drastically lower
world market prices and thus curb the growth of agricultural production;
this will occur in both rich and poor countries. On balance, therefore,
such a policy would have an adverse effect: hunger would increase more
than if policies remaind unchanged.

Secondly, we examined whether food aid, financed by the rich coun-
tries, would be able to banish hunger from the world. |t was assumed
that food aid could be supplied with 100 percent efficiency, i.e. that
the total food shortage of all hungry people could be cancelled~out by
the provislon of food that |s not handled by the market. It is assumed

that the necessary food will be purchased with the aid of funds contri-
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buted by the rich countries. MOIRA shows that it will thus be possible to
reduce hunger to almost zero - if sufficient financial means become avail-
able. On the average, over the period 1975-2010, this redistribution of

food would demand each year about 0.6 percent of the national incomes of

the rich nations. Such food purchases would be accompanied by the phe-
nomenon of a significantly higher world market price level for food; on

the one hand this would stimulate production, but on the other hand it

would have a negative effect on the purchasing power of non-agricultural
population of the developing countries. 'Gross hunger' (i.e. before food

aid is given) is therefore somewhat higher than in the standard run (Table 3,

columns 3 and 9).

23. Food aid, however necessary it may be to alleviate acute need, is a

measure that must in principle be temporary. The developing coun-
tries will have to achieve a structural improvement of fheir food supply
primarily by increasing thelr agricultural production, because the ref-
atively large agricultural sector uses a great deal of labour and land
which has |ittle if any alternative use. With this in view, measures
which would stimulate this development were considered; in particular,
the importance was examined of the world market food price level, which
the rich countries are able to influence by means of their policies.

A deliberate world market price policy, aimed at maintaining a rel-
atively high and stable price level, was proved by MOIRA to stimulate
production growth in the poor countries. This favourable effect is lar-
gest for the simulation runs which assume moderate economic growth
(Table 3, column 11), If policies remain unchanged (see under 18 above)
the world market will have to contend with surpluses and low prices, and
average per capita consumption in the densely populated countries of
South Asia will dec!ine during the period 1975-2010. The introduction
of a policy of stable and relatively high prices on the world market
(realised by the rich nations) would cause the food situation in
developing countries to improve as a result of faster production growth.

The alternative runs which assume faster economic growth show sim-

I lar reactions, although less pronounced, because by unchanged policy the
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world market price level is already relatively high (Table 3, column 5).

24. Regulation of the world market as intended under 23 above, assumes

a fundamental change in the position which the rich countries take
in the international trade in food. It is assumed, namely, that these
countries will jointly fulfil a buffer function on the world market by
financing stockpiles which will be sufficient to bridge the yearly fluc-
fuations in supply and demand. In addition, it is assumed that the rich
nations will absorb the structural imbalances in world food supply by
a coordinated import and export policy that is oriented towards main-
taining a particular world market price level. To fulfil this latter
function, the wealthy countries will need to be able to influence their
own production or consumption (dependent on the circumstances) in such
a way that ftheir net position on the world market witl support the in-
ternational |y-agreed price policy.

According to the model simulations, such regulation of the import
or expert balance is essential if the long-term target is to be achieved.
Under the assumption of rapid economic growth, the maintenance of a rei-
atively high price level on the world market will not demand much effort
on the part of the rich countries. In any single year it might be neces-
sary to restrict their own consumption somewhat in order to prevent the
world market price rising above the intended price level (Table 3, col-
umns 4 and 5). The higher this target price, the less the necessary con-
sumption restriction.

However, if the world's economic growth were to slow down, the en-
visaged regulation of the worid market would require fairly drastic meas-
ures by which to limit the growth of food production in the rich coun-
tries (Table 3, columns 10 and 11). In fact, these countries wil} have
to significantly curb their supply to the world market if the desired
price level is to be maintained. In the relevant simulation run, North
America would even have to give up its position as food exporter; Latin
America would then take over this function 1o a considerable degree.

5
0,

Stabllisation of the world market price at a relatively high level

thus onabltes graduad improvement ot the food supply of poor coun-
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tries (measured in average food consumption per capita). The extent of
hunger, however, is not very sensitive to such a policy. It is true that
hunger decreases somewhat as a higher international price level is pur-
sued, but there is no chance of its being eliminated (compare in Table 3,
columns 4 and 5, respectively columns 10 and 11). This is due to the con-
trasting infiuences which the food price leve!l has on the purchasing
power in the poor countries of the urban population on the one hand, and
of the rural population on the other hand. High prices favour the far-
mers (and therefore their consumption), but operate to the disadvantage
of non-agricultural consumers, and vice versa.

Regulation of the world market, therefore, notwithstanding its
positive etfects, is not likely to render food aid unnecessary. As we
have ascertained earlier, hunger is caused above all by the unequal dis-
tribution of income within the developing countries. And this cause can
hardly be eliminated with the aid of the international policy measures
introduced above.

All the same, the hunger that prevails in the world cannot be ig-
nored. A world market policy combined with large-scale food aid could
alleviate hunger and also stimulate the development of fcod production
in the poor countries (Table 35, coiumns & and 12). MOIRA has shown that
purchases on behalf of food transfers can both support and obstruct the
world market price policy, dependent on the demand and supply position.
Under conditions of rapid economic growth the extra demand for food is
more likely to oblige the rich nations to reduce their consumption. Un-
der conditions of moderate growth, food aid will reduce the necessity

for rich ccuntriss to [imit their production growth (see paragraph 24).

26. As an altfernative to deliberate influencing of world market prices,
MOIRA was used to check the effect of a liberalisation of inter-
national trade in basic foods. It is assumed that the rich countries in
particular would no longer protect their domestic food markets. Under
this assumption, hunger in the perioc 1975-2010 will average 10-15 per-
cent more than if policies remain unchanged. Production in the develop-

ing countries will grow more slowly than f policies remain unchanged;
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in the rich countries it will grow more rapidly. North America's export
position will be strencthened; on the other hand, the import dependence
of the South Asian countries will be increased. Liberalisation of trade

policies therefore does not appear to favour agriculture and food sup-

ply in the economically less-developed countries.

The Role of the Rich Countries with regard to World Food Supply

27. The influence which the rich countries are able to bring to bear

to safeguard the world food supply is based on the (direct and in-
direct) relations between the development of the production and consump-
tion of food in the industrialised nations on the one hand, and that in
the developing countries on the other hand. However, the capacity of
rich countries to favourably influence the structure of world food sup-
ply in this way proves to be fairly restricted. This is chiefly due to
the preponderant role that is to be played by the national policies of
the developing countries with regard to agricultural development and in-
come distribution. According to MOIRA, a deliberate change of income dis-
tribution in these countries in favour of the agricultural sector wil
encourage production growth and reduce the import dependence of coun-
tries in South Asia in particular (Table 3, column 7). However, this
does not reduce the extent of hunger. A lowering of hunger will be
realized only if income differences within both the urban and the rural
populations can be reduced (see paragraph 19 above). Here, too, primary
responsibility |ies with the developing countries themselves.

Nevertheless, the rich nations should be expected to do every-
thing within their power to create international conditions which will
be conducive to the improvement of the food situation in the poor coun-
tries. Technical and financial development aid in the agricultural sphere
can only achieve its full effect if the desired production growth does
not peter out because of lack of purchasing power. This applies not only
on the regional level but certainly also on the international level. For
this reason, a purposeful world market price policy - effectuated by the
rich countries - will form an essential complement to the increasing in-
ternational effort that is being made o improve the food supply of the

poor countries.
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28, The International pollcy for agriculture and food supply advo-
cated above requires that the rich countries significantly re-
orient their agricultural policies. The rivalry between the economlc
blocs within the western worlid (l.e. between North America and the
Common Market) with regard to agricultural policies will have to
make place for a common effort towards a global food supply policy.
In pursuing their national agricultural policlies, the rich countries
will have to make allowances for the targets of this internatlonal
policy. The desire to stabilise world market prices at a fairly high
level entails that the rich nations should take more effort to adapt
the volume of their own food production (and if necessary also their
own consumption) to the international demand and supply situation. A
more flexible agricultural policy is then necessary, as the OECD has
ascertained (OECD, 1975)?) With this purpose in mind, the rich coun-
tries will have to extend and complement the Instruments of thelr
agricultural policies so that both national and International targets
can be realised. As far as the European Common Market is concerned,
this would signify that efficient measures by which to influence the
size of production must be given greater significance in the instru-
ment arsenal. In view of the International interests which this would

serve, it should be possible to overcome any technical difficulties.

29, The conditions under which regulation of the world market would

be possible are not likely to be fulfilled from one day to the
next. All too frequent|y, in fact, international cooperation strands
on the priority of national interests. It is to be hoped that the
'Food for a Doubling World Population' study will be able to support
the efforts to put international economic relatlons at the service of
a target transcending narrow national interests, in this case: suf-

ficient food for all.
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Summary of the Discussion on MOIRA

(A Model of International Relations in Agriculture)

Edited by Gerhart Bruckmann

GENERAL DEBATE

In the general debate, Niaz raised the question of what was the main
objective of the model, and what purpose should it serve, especially as a
number of other institutions (e.g. FAO, USDA) have recently engaged in
similar work.

Linnemann replied that the main purpose of the study was to integrate
and to deepen the already existing insights into the mechanisms that govern
the international relations in agriculture. Beyond the scientific interest,
the members of the groups were also led by moral motives to contribute
toward a solution to the world food problem. If the notion of "triage'" must
be absolutely rejected, and if it can be shown that there is no absolute
scarcity of food, but only maldistribution, it is worth investigating the

results of possible solutions.

MAXIMUM FOOD PRODUCTION

A discussion followed the presentation by van Heemst, "The Absolute
Maximum Food Production of the World". In particular, Etienne opined that
the upper limits must be considered too high for a number of countries, often
owing to given water constraints. This was also underlined by Levis. On the
other hand, it might have been worthwhile to have taken into account ground
water potentials as a source for irrigation; this might play a major role in
countries such as India, Bangladesh, or China. Niaz pointed out that other
limits are set by the area needed for non—-food crops, and by the increasing
land use for nonagricultural purposes. Weber underlined the need to consider
who would have to assume the expense of expanding agricultural areas. In
this connection, it must be tacitly assumed that all the necessary fertilizer

must be provided without any restriction on available land. Meadows inquired
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whether land degradation was sufficiently considered in the model.
Gallopin saw the need to differentiate between physical limits on one side,
and limits owing to socio-political factors on the other side.

In reply, van Heemst claimed that a hundred years ago nobody would
have believed it possible to raise yields from one ton per hectare to five
tons per hectare, as it is done today. He stressed, however, that the main
purpose of the computation was to find the asymptote for the production
function to be used in the model. Fertilizer was not considered in this
connection, as it appears elsewhere in the model as a limiting factor. The
relation of food crops to nonfood crops was assumed constant, for the purpose
of this study. Moreover, land degradation was not considered owing to a lack
of data. This means that for the computation of the maximum food production,
such management was assumed as to avoid land degradation. On the other hand,
land that was susceptive for soil degradation was excluded anyway. Lack of
water for irrigation was taken care of by considering zones of different
fertility.

Rademaker proposed that not too much discussion time be devoted to this
theoretical asymptote, which may be quite interesting but which plays only a
minor role in the model. Etienne, supported by Bruckmann, said that he felt
uneasy about this maximum food production concept inasfar as it might be
easily mistaken by careless readers to be a goal readily attainable in the

near future, and thus might be leading to a feeling of complacency.

POPULATION

As to the population projections used for the model (population being
treated exogenously), Etienne wondered to what extent the most recent develop-
ments had been incorporated. He mentioned in particular the fact that popu-~
lation growth rates have begun to decline in some important Asian countries
(e.g. South Korea, China, Taiwan, Sri Lanka, and some parts of India).
Bottomley suggested that population should have been broken down to economi-
cally active and inactive population. Linnemann replied that it would have
been difficult to distinguish between actively employed and total agricultural
population. During seasonal peaks the whole family may be working, including
members who at other times are working outside agriculture; at other times
practically nobody may be working in agriculture. For other purposes, total

agricultural population was needed anyway. The problem can be bypassed by



~47-

assuming that all people in agriculture are available as a working force.

A breakdown as suggested would not have added any precision. Population,
being an exogenous variable, implies a given natural growth rate for both
sectors taken together; the model limits itself to migrations between agri-
cultural population and nonagricultural population. Parikh expressed doubts
as to whether people actually migrate from agriculture to the cities for
economic reasons, as reflected in the model; in most instances, they are
economically worse off in the cities than they were in agriculture before
they migrated. Linnemann admitted to the existence of meta—economic reasons;

however, these reasons will be enhanced (or diminished) by economic factors.

CLIMATE

Kamrany raised the question of the climatic conditions. Whereas the
model seems to assume constant conditions, he stressed that agricultural
production may be much more dependent upon climatic fluctuations than upon
price fluctuations. De Hoogh replied that the model does reflect climatic
oscillations to a certain extent: in the model the oscillations observed in
the seven year period trom 1965 to 1971 were extrapolated over the thirty-
five year period of the investigation. Bruckmann observed that this seven
year period does not include a period of major crop failure in two successive
years, as it happened in 1963-64 and again in 1972-73. He suggested that a
"standard feasible disturbance" be defined and introduced deliberately into
the model, and that trial runs be made to study the impact of such a standard
feasible disturbance (or multiples thereof) at different periods of time on

numerical outcomes of the model.

CONSUMABLE PROTEIN

A lengthy debate developed around the fact that the model reduces all
food to one standardized commodity, namely consumable protein. Parikh asked
how different price movements for different commodities and changes in con-
sumer behavior could be reflected in the model if it only exhibits one com-
modity. Niaz stressed that a reduction to consumable protein obscures the
fact that a lower or higher part of it may be used for livestock production

(or for non-food purposes). On the other hand, he did not see how noncereals
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(such as fruits and vegetables) could be transformed into consumable protein
in a meaningful manner, If these commodities were left out, the model would
not reflect sufficiently well the agricultural development potential. The
model assumption that cereal crops will account constantly for 65 percent of
the cultivated area must be seriously doubted. Also, the expected develop-
ment of the presently non-irrigated areas should be discussed in more detail.
Furthermore, it appears doubtful whether "malnutrition" can be properly
assessed by an analysis of consumable protein only.

Weber believed that the reduction to one standard cereal leads ome to
neglect the importance of local climatic conditions that would allow produc-—
tion increases of different cereals only in ditterent degrees. Gallopin, too,
considered it important to split the calculations into different crops that
are differently adapted for different regions. If local conditions could be
properly taken care of, this might yield higher production increases than
the model reveals.

In reply, Linnemann stressed first that consumable proteins should not
be confused with proteins actually consumed by man. Van Heemst claimed that
most of the local differences can be taken care of sufficiently well by the
proper combination of consumable protein (as derived from the production of
dry matter) and productivity of it for human consumption. "Consumable
protein" does not stand for a particular cereal, nor for a standard cereal;
it is a standard crop that has the properties of a cereal crop. Keyzer added
(in reply to a written inquiry) that the model does not aim at reflecting
differentiated price movements for such commodities as coffee, rubber, or
cloth. In two later stages, food and nonfood agricultural products might be

explicitly disconnected in the model.

PRODUCTION FUNCTION

Kulikowski raised the general question of whether or not the same
results could have been obtained separately by using a much simpler pro-
duction function, such as the Cobb-Douglas function for the agricultural
and the nonagricultural sector. From whatever goal function one assumes,
one can derive the proper allocation between capital and labor. However,
there seems to exist an important time lag in agricultural investments that
can be used for several years. For this problem, and for many similar ones,

there exist standard economic and econometric procedures. What was the



~49~

purpose of deviating from these procedures? Linnemann replied that the
reasons for the choice of a particular production function were both of a
theoretical nature (to allow for diminishing returns) and of a practical

nature (to exhibit certain statistical properties).

CAPITAL

Keyzer added that capital appears as current input for statistical
reasons and also because capital used was calculated from production realized.
In reply to Gallopin's inquiry as to what extent technical progress has been
incorporated in the model, Linnemann stated that embodied technical progress
is reflected by the variable C in a rather complicated way.

Several speakers raised the question of to what extent it is justified
to reflect agricultural investment by the number of tractors. Gallopin under-
lined that, because of the strong correlation between tractors and fertilizer,
one can be used as an indicator of the other. Linnemann stressed that the
number of tractors was used only once in the cross-sectional estimation;
there indeed, it has been assumed that the number of tractors is a reliable
indicator of the level of mechanization or capitalization of agriculture.

This is not to say that only tractors are used. Many other things are used
as well, but all these other things are supposed to move parallel to either

the number of tractors, or the amount of fertilizer used.

DIMINISHING RETURNS

As for diminishing returns, Niaz opined that production potentialities
in many countries (e.g. Iran) by far exceed what the model suggests.
Richardson advised that one should not be misled by technical coefficients.
1f, for instance, the average yield in Japan is four times the average yield
in India, one cannot conclude immediately that production figures can be
quickly quadrupled in India. If the model is slow in that respect, it re-
flects justly the political, economic and organizational mechanisms deter-
mining those differences. De Hoogh stated that there is historical evidence
that agricultural production never exceeded a growth rate of 4 percent. So,
to assume a growth rate of more than 3 percent in South Asia already means

a fast development. Of course, with a population growth rate of more than
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2 percent, there does not remain a high growth rate of food production per
capita.

Gallopin expressed great interest in the fact that the model does not
reflect diminishing returns form the use of fertilizer, in other words, that
production depends on the input of fertilizer in a linear way. Parikh also
doubted this, adding that experiments have been carried out in India on a
large scale, showing that (by changing over to other varieties) one can
achieve high production increases without any additional use of fertilizer.
In reply, Linnemann explained why the linear relation seems justified:
historical analyses show that diminishing returns always were upset by other
technological advances, resulting in a (quasi-) linear envelope curve.
Ceteris paribus, there certainly would be diminishing returns from the input
of fertilizers, but the ceteris paribus clause simply is not given. On the
other hand, overall input of capital is--in reality and in the model--subject
to diminishing returns, as the marginal productivity of capital is decreasing
rapidly. Waelbroeck admitted that on a macro-economic level, linear depend-
ence of production from fertilizer input may be justified. The individual
farmer, however, certainly bases his input decision on an awareness of the
diminishing return on his yield of fertilizer input. Linnemann claimed that
these facts are taken into consideration by certain constraints within the
model. Keyzer agreed that in principle a cross-section estimate is wrong
to show the behavior at a certain moment. However, the long-term function
is an envelope of the short-term function.

When taking his production decision, the farmer is confronted with a
short-run production function which shows returns that are more strongly
diminishing than in the long-run production function. This is caused by the
fact that in the short-run some means of production are fixed and the rate
of change in technique is limited.

In the model, this is reflected by limits on the short-run rate of
substitution between capital and labor, on the growth rate of production by
a distributed lag mechanism and by the fact that labor supply is given in

the short-run.

PRICE MECHANISM

As for the functioning of the price mechanism, Kamrany raised the

question of whether the model reflects sufficiently well the fact that large
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parts of this world are not subject to it: in all socialist countries,
production decisions are being made independent of changes in world market
prices and the same is true for subsistence farming worldwide. Keyzer
replied that it is essential to distinguish between the market mechanism in
general and the role that price plays in different countries. The internal
price may well be regulated within a country and in the model, an agricul=-
tural sector may well be completely insensitive to price changes because of
its isolation; but as for exports and imports, the same country would still
depend on the world market price. On the contrary, it is one of the main
features of the model to reflect these possible differences of agricultural
prices on the different systems.

Bruckmann pointed out that there may be important areas in which agri-
cultural production may depend negatively from price. A story—-true or not--
is told about a U.N. advisor who showed the people of some developing nation
how to increase their yield three-fold; returning to them the next year, he
found them playing kahala and their fields idle. They celebrated him as the
man who enabled them to work only one year out of three, being able to play
kahala the other two years. Also in industrialized nations a large part of
the agricultural population may base its production decisions on 'expected
sufficient income"; when the price of a product goes down, the farmer pro-
duces more of it to make up for the loss he otherwise has to incur. On
second thought, however, while being true on the micro-level, it may not be
true on the macro-level: the fall in prices may enhance the movement of
agricultural population to the cities, and if this movement exceeds the pro-
duction increase of the farmers who decide to stay, the overall result may
be a decrease in production.

Parikh agreed with Bruckmann; in India the marketable surplus goes up
if prices go down. Kamrany pointed out that the same experience was observed
in the U.S.A.; the big surpluses in the 1950s resulted from the industrial
farmer's attempt to offset the decrease in prices by an increase in pro-
duction, Etienne added that in many societies certain foodstuffs are not
being sold on the market. If the supply of millet in some African societies
exceeds consumption for food purposes, the excess is simply being used for
more beer parties.

Keyzer and Sanderson stressed the need to differentiate between short-

and long-term views. In the short term, the reactions of the individual

farmer may well be of the kind as described by Bruckmann, Parikh and Etienne.
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In the long term, however, higher prices for food will enable more invest-
ment, better irrigation projects, and the like, than would have been feasible
otherwise. The other way around, Sanderson inquired about the low elasticity
exhibited in the model. How can a tripling of food prices result in only
such a small increase in production? Furthermore, this tripling of price
leads in South Asia only to a marginal improvement of the availability of
food, but not to a substantial improvement of the distribution. Does one
really have to resort to a complete revamping of the world food economy in
order to solve the intermal distribution problem of South Asia? Obviously,
the most straightforward approach to the problem would be a price policy
in South Asia that would lead to a more equitable distribution of food. In
this case, one also would not have to go to a tripling of prices. The
reasoning seems to be that most of the hunger is in rural areas because
most of the population is in rural areas. But by the year 2000 this may
have changed, as people are migrating comstantly into the cities. The urban
food problem is becoming more and more important in South Asia. So by the
year 2000, a high price policy may greatly aggravate the problem in the cities.

In reply, de Hoogh stated first that the price shown is the world market
price, not the internal price of, for example, India, and secondly, that pro-
duction does not only change as a result of the price. Total agricultural
population, on a world level, is still increasing. In spite of the outflow
of labor from agriculture, it appears that the number of people in agriculture
is increasing during the forecasting period of the model. One of the reasons
why the production is going up is the increasing labor force. The relative
level, therefore, must not be seen as a consequence of prices only. At least
in industrialized nations, farmers on the whole will certainly react posi-
tively to price changes; this is at least the assumption of the model.

Kamrany wished that the model would have been able to exhibit a com-
parison between a development owing to market forces and a possible develop-
ment in which market forces were excluded as a factor that determines pro-
duction. De Hoogh replied that to do this, a distinct mechanism would have
to be spelled out as to how to determine world production without prices.
Kamrany suggested that this could be done by extrapolating the potential pro-
duction in dependence of the physical resources of the respective country.

In summarizing, de Hoogh defended the model's assumption that farmers,
at least in the developed countries, react positively to price increases.

However, price increases for food induce an increase in food consumption by
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the farming sector. So a perverse reaction of net supply on a price increase
is possible.

Batteke claimed that a serious shortcoming of the model was the fact
that government interventions in the form of taxes, subsidies and the like
are not explicitly considered, as they are certainly instrumental in in-
fluencing farmers' decisions. Linnemann replied that keeping domestic prices
separate from the world trade market price allows one to subsume a sub-
stantial part of government financial interventions. Keyzer added that

prices are being estimated from the model as shadow prices.

EDUCATION

Millendorfer inquired to what extent the production functions used re-
flect differences in the educational level of a population. Linnemann
answered that the catch variable "capital" is thought to comprise any in-

vestments, including any expenditures on education.

POPULATION PRESSURE

Etienne challenged the assumption that population pressure leads to

increased production.

CENTRALIZED ECONOMICS

Kulikowski stated that the model did not seem to reflect properly the
mechanisms at work in centrally-governed economies. By the mechanisms avail-
able to them, they are able to fare far better than the model suggests.
Linnemann replied that he and his team are fully aware that the centrally-
governed economies were treated rather crudely, and he welcomed whatever

information will be furnished.

HUNGER

Niaz raised the question of to what extent '"hunger" is mainly the

consequence of uneven distribution, as stated in the model, and to what
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extent it is truly deficiency in absolute quantity. Parikh wondered why,

in the model, hunger increases when the price for food decreases. De Hoogh
replied that this is because with the decreasing price for agricultural
products, agricultural income goes down; this more tham upsets the benevolent
effects of lower food prices for the nonagricultural consumer. De Haen
suggested including explicitly in the model some relation between the
nutritional level and labor productivity, for many parts of the world.

De Hoogh replied that this link certainly exists and it could also be incor-
porated in the model without difficulty; however, data on the form of this
link are missing. As for synthetic food, de Hoogh stated that in the modelers’
opinion, synthetic food will not contribute much to the real problem of
hunger in the world, for the following reasons: hunger was mainly a lack of
purchasing power, and the production of synthetic food was likely to be
realized in the industrialized nations first. There is no reason to believe
that that form of food production will make it easier to eliminate hunger in
the world. Hence, the production of synthetic food was not considered in

the model.

BUFFER STOCKS

Keyzer underlined again the assumption of the model that the buffer
stock to be established by the developed countries would not be an object
of speculation; on the contrary, it would have to be handled in an exact way
so as to offset speculation. Parikh inquired whether it would not make more
sense if a country such as India would establish its own stock, to be inde-
pendent from international price fluctutations. Keyzer admitted that keeping
national stocks certainly is a meaningful policy, but this policy apparently
has hitherto failed to cope sufficiently with fluctuations. Therefore, an

international buffer stock is proposed.

SUMMARIZING CRITIQUE

Richardson asked to what extent can we justify the assumption that
the parameters derived from an analysis of the period 1965-71 will remain
valid for the entire forecasting period, that is up to 2010? Keyzer replied

that 1965-71 served as a calibration period for estimating the parameters
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and their possible variations as well as the wmodel relatioms including the
the shadow prices for the base period.

Etienne stressed the importance of being aware of the enormous margin
of error of most agricultural data.

Meadows inquired how current govermment policies to maintain agricul-
tural/nonagricultural price balance were obtained. Keyzer replied that the
assumptions were based upon the information gained in numerous discussions
with experts from the Common Market, the World Bank, and from developing
countries. Meadows pointed out that the model rests on the (tacit) assumption
that it is easier to change the world economic order than the world social
institutions which contribute to pepulation growth. The overall goal should
be to change both! Sanderson, too, questioned whether it would be easier to
change the world economic order than to change national policies. De Hoogh
clarified that at no point is it claimed that it would be easy to change the
world economic order; all the model strives for is to show what the effect
of such a change would be.

Waelbroeck said that the most important question to be asked of any
model is whether it includes all the relevant mechanisms. Now the market
mechanism may prove relevant for only a fairly small part of the total world
food production; a much higher part may be independent of the market price
inasfar as food production may depend on government decisons on irrigation,
education or farmers, and so forth. Furthermore, it may not be true that
price elasticity works only via the income distribution. In the United States,
for instance, we certainly have a direct price elasticity of demand; if
prices go up, demand will go down, much more strongly than is shown in the
model.

In reply, de Hoogh stressed again the difference between the market
price and the shadow price. This shadow price, as originally calculated from
the base period, expresses both the market price and also all corrections
owing to government interventions influencing agriculture. This seems to be
the only way to avoid having to consider explicitly the huge number of

government measures existing in different countries.
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Modelling of Production, Utility Structure,
Process and Technological Changet

Roman Kulikowski

ABSTRACT

The paper deals with modelling of complex development systems includ-
ing production, consumption and environment. The production subsystem con—
sists of n given sectors described by CES production functions. The decen-
tralized decision system allocates the GNP among the given spheres of activ-
ity including investments, consumption, government expenditures, and envi-
ronment, in such a way that the given utility function attains the maximum
value. The utility function changes along with GNP per capita. Then the
price indices can be computed. The price changes result in a change in the
production function technological coefficients. The future projections of
development processes can be derived in the iterative form. All the model
parameters can be derived from histacrical data.

Thublished in Control and Cybermetics, 4, 2 (1975), 47-70.
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A World Agricultural Model: An Input-Output Research Proposal

Anthony Bottomley, Donald Nudds, John Dunworth,
Douglas Jeffrey, and David Taylor

INTRODUCTION

The research is based on some 300-plus national input-output tables for
some 80 different countries. The data were collected by the Input-Output
Research Group at the University of Bradford; the countries for which we have
input-output matrices are listed in Table 1. These tables have been aggre-
gated into the 10 by 10 standard format as shown for Zambia in Table 2. We
hold other matrices which have not yet been so treated. The money flows
shown in Table 2 have also been translated into tables giving percentages of
gross output in each element of the matrix, technical coefficients and the
Leontief inverse. All are stored on magnetic files in the University of
Bradford computer and can be easily printed out in the form of Tables Al, A2,
and A3 for Zambia in Appendix A.

We first propose to increase the number of these tables so as to include
countries that had previously been omitted; they will then comprise our ini-
tial world model. Second, we will construct an international trade matrix so
as to connect the individual matrices for each country described above in the
manner outlined in Table 3. Third, we will expand both the individual country
and the world trade matrices to incorporate the 21 by 21 inter-industry flow
matrix given in Table 4. This last translates the world model which will be
constructed in the first and second stages into a detailed agricultural model
with considerable disaggregation of the agricultural and chemical sectors.
Fourth, we will apply the model to the kinds of uses listed in Section IV of
this propesal.

All four of the stages outlined above will be expressed in terms of a
1970 base year model and a 1980 projected model, although we may be able
later to extend the projections to 1990. We therefore deal with each of these
stages in turn.

I. CONSTRUCTION OF INDIVIDUAL INTER-INDUSTRY FLOW MATRICES FOR 1970
AND 1980 TO COVER THE WORLD

These must comprise both domestic and gross product inter-industry flow
matrices for 1970 and 1980. We chose these dates because they cover the FAO's
Agricultural Commodity Projections 1970-1980 which form the basis of the agri-
cultural model discussed below. We hear that these projections have been up-
dated to 1990; if this is so, our model will run to that later.



Table 1. List of input-output tables held at the University of Bradford, UK.

COUNTRY

Algeria
Antigua
Argentina
Australia
Austria
Belgium
Bolivia
Brazil
Bulgaria
Cambodia
Cameroun
Canada
Ceylon (Sri Lanka)
Colombia
Costa Rica
Cyprus
Czechoslovakia
Denmark
Ecuador
Egypt

Fiji

Finland
France

East Germany
West Germany

Ghana
Greece
Guyana
Hungary
India

Indonesia
Iran

Iraq
Ireland
Israel
Italy

Ivory Coast
Jamaica
Japan
Jordan
Kenya
Korea
Lebanon
Mainland China
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YEARS

1954, 1957, 1963

1963

1950%, 1953*, 1959, 1960
1946-47, 1943-54, 1958-59%, 1962-63%
1964%

1953, 1958, 1959, 1965*
1958

1959

1963

1966%

1959

1949*%, 1961

1963%, 1965, 1968, 1970
1953, 1968

1957

1954%, 1957*%

1962%

1946, 1947%, 1948%, 1949, 1953, 1958, 1966%
1963

1954%

1970%, 1971%

1956%, 1959%, 1963, 1965

1956%, 1959%

1950, 1953, 1954%, 1955%, 1956%, 1957%,
1958%, 1959%, 1960%, 1961*, 1962%, 1963*,
1964%, 1965%, 1966%, 1967%, 1970

1960%

1954%, 1958%, 1960%, 1966

1959%

1957, 1959, 1964, 1965, 1966, 1967, 1968, 1971
1951-52, 1953-54, 1955-56, 1959, 1960-61%,
1964-65

1969

1965%

1960%, 1961%, 1962%, 1963%, 1967

1956%, 1960%, 1964%*, 1968

1958, 1968%—69%

1950, 1953, 1959%, 1965, 1967%, 1969%, 1970
1958, 1960, 1962, 1963

1958%, 1965, 1970, 1975

1951, 1954, 1965, 1970

1964, 1967, 1969

1967%

1960%, 1963, 1966%, 1968%, 1970%

1964



Madagascar
Malaysia
Mali

Malta
Mexico
Morocco
Netherlands

New Zealand

Nigeria
Northern Ireland
Norway

Pakistan
Peru
Philippines
Poland
Portugal
Puerto Rico
Rhodesia
Rwanda
Senegal
Singapore
South Africa
Spain

Sudan

Sweden

Syria

Taiwan
Tanganyika
Thailand
Trinidad
Tunisia
Turkey
United Kingdom
United States
USSR

Virgin Islands
Yugoslavia
Zaire

Zambia
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1960
1960*, 1965
1959%
1961%*
1960%
1958, 1960, 1964, 1965, 1966, 1969
1938, 1948, 1949, 1950, 1951, 1952, 1953,
1955, 1956%,

1954,

1957*, 1958, 1959, 1965*%, 1970

1952-53%, 1954-55%, 1959-60*, 1960-61, 1961-62,

1962-63, 1963-64, 1964-65
1959-60%
1963

1947%, 1948%, 1950%, 1954%, 1956, 1958, 1959%,

1964%

1954, 1960-61%, 1965, 1970, 1975, 1980, 1985

1968%

1956*, 1961%, 1965

1957, 1967

1959, 1964

1963

1965*

1970

1959%

1967*

1956-57

1954, 1955, 1956, 1957, 1958, 1962, 1965,
1961-62*

1958, 1964%, 1968%*

1956, 1958-60, 1963*, 1964-65

1954, 1961, 1964*, 1966, 1969

1954, 1961%*

1954

1959%

1957%, 1960%*, 1962%, 1964

1963, 1967*, 1968

1935*%, 1948, 1954*, 1963%, 1968%, 1970
1919%, 1929*, 1938*, 1947*, 1958, 1963
1959, 1966*

1968

1958, 1962*%, 1964, 1966*, 1968%*

1957%*

1965%, 1966%, 1967%, 1969*

*
Tables comprising both domestic and import matrices.

1966
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There are parts of the globe which are not yet covered by our collection
of tables, and gaps will remain even though the search goes on for more
country tables. Therefore, a principle of analogy will have to be adduced in
order to construct hypothetical tables for countries for which matrices do not
yet exist. We have already grouped countries of similar economic structure,
and will therefore take the average element coefficients for a particular
group and assume that these hold for countries which would belong in that group
but which do not yet have their own input-output data. Countries will be
grouped according to per capita Gross Domestic Product (GDP), geographical loca-
tion and climate, cultural affinity and the like. We have already carried out
preliminary analysis along these lines for the World Employment Programme of
the International Labour Office (ILO), but there appears to be considerable
variance around co-efficient means. Nevertheless, we see no alternative to
this approach of adding to the model those countries which do not yet have
input-output tables. Perhaps we can console ourselves with the knowledge that
we have tables covering most of the world's population, although many of these
are more than ten years old and the data for China are speculative in composi-
tion. Nevertheless, our supposition remains that the model will give us the
relative orders of magnitude for its different components and these will be
revealing from a policy-making point of view. Ideally, base year 1970, GDP's
divided by sector would be fed through the Leontief inverses of updated input-
output tables where originals exist and through the foregoing hypothetical
tables where they do not; certainly this will be the method for forecasting
the 1980 or 1990 tables. GDP for 1980 or 1990 can be apportioned between the
separate elements of final demand in accordance with the latest known distri-
bution, or following a regression analysis of how these proportions change
with changes in per capita GDP (i.e., sector income-elasticity of demands).

In the case of the 1970 base year, we do know how value added is distributed
along the rows in accordance with the data contained by country in the UN
Yearbook of National Accounts Statistics or, to be more accurate, we can gen—
erally assign a value added (VA) figure to columns 1 and 2 separately, another
figure to columns 4, 5, 6 and 7 in total, and yet another to columns 8, 9 and
10 in Table 2. Original proportions in the value added column can be retained
where the 1970 figure straddles more than one column.

Apportioning the 1970 domestic and export GDPs from the Yearbook of National
Accounts and processing the result through the supposed 1970 Leontief inverse
may give a value added distribution along its row which does not accord with that
found in the Yearbook. This will mean that either final demand has been wrongly
distributed between sectors or that the inter-industry flow coefficients used
are inaccurate. Serious discrepancy will mean that we will have to revise one
or the other or both of these. If, for example, we assume that proportions
between the sector value added and the column total remain as in the original
table, then we can derive column totals and hence intermediate row totals as
well as to accord with whatever distribution of final demand we may use. Thus
the gross and intermediate row and column totals so derived will allow us to
determine inter-industry flow coefficients by the RAS method; but this adds
further elements of doubt to a method of coefficient prediction which is
already frequently inaccurate.

If, however, reasonably convincing results can be adduced from one or the
other of these methodologies, then we will be able to derive Uganda's input-
output table, say, from its 1970 GDP. A final demand column vector can then
be processed through an average, but still hypothetical Leontief inverse. Some
very small states, such as those of the Eastern Caribbean, may be put together
for the purposes of our model, with their aggregated GDPs being processed
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through the Leontief inverse for Antigua--the only state in this region for
which we possess a table.

Then too, only the starred tables listed in Table 1 comprise both domes-—
tic and import matrices which are needed for a world trade model. We will
therefore have to extend the principle of analogy to solving this problem.

The starred tables within each group of countries with similar economic struc—
tures will be taken as representative of the allocation of inter-industry
flows between domestic and imported production. The average element-by-
element proportions along the import rows so revealed will initially be taken
as applying to all other countries within the same group which have gross
flow tables only; the domestic and import matrices will be thus adduced from
the import statistics total by sector of origin, as discussed in Section II.

The required GDPs for 1980 will be those used in the FAOs Commodity Pro-
Jections 1970-1980, or through to 1990 if they become available. The 1980
projections are certain to be too high as they did not take into account the
inflation and the oil-price-induced recession of the mid-1970s; only 30 percent
of the projected increased agricultural demand is higher per capita income as
opposed to population induced. Nevertheless, some method for semsitivity
testing of the model for differences in assumptions regarding changes in GDPs
will have to be devised. Further, we have no tables at all for 1980 (or 1990)
so a process of updating pre-1970 inter-industry coefficients to 1970 and of
projecting them through to 1980 will have to be devised before the realized
1970 GDPs and projected 1980 GDPs can be fed through the resultiug inverses.
This may be done in one of three ways or through a combination thereof. These
techniques are: the RAS method; a cross-section and/or time series analysis
of coefficient change; and the use of the latest, unaltered coefficients.

The RAS method of updating input-output coefficients has been mentioned.
It is a technique familiar to that used by research workers in the input~
output field. However, it requires a knowledge of intermediate input and
value added together with final demand and intermediate output totals for
each sector in the matrix. In the majority of cases, we will not be able to
obtain the necessary firm data. Thus an alternative approach to updating and
projecting matrices must be found unless we are prepared to accept the method
for arriving at gross and intermediate row and column totals previously out-—
lined for the base year.

Cross-section and time-series coefficient change research is currently
being undertaken at Bradford for the World Employment Programme of the ILO.
This has involved examining groups of '"standardized” individual country inter-—
industry flow matrices in both cross~section and time-series. Changes in ele—
ment coefficients, the so called aijs’ are being regressed against changes in

per capita incomes as well as against a variety of other variables. For
example, the work may reveal that if we know or can project growth in per
capita income from the year of a country's latest input-output table through
to our base year of 1970 and our final projection year of 1980, then we may
use our lines of regression between individual coefficients and these changes
in per capita incomes to project the 1970 and 1980 coefficients of the matrix.
But it is already clear that the majority of element coefficient changes will
have low coefficients of correlation against changes in per capita incomes,
even though we have performed our cross-section regressions on groups of coun-
tries of supposedly similar characteristics. So this method seems likely to
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furnish only a partial solution the problem of updating and projecting our
input-output tables. Perhaps it will be best to assume that the coefficients
alter in accordance with changes in projected per capita GDPs where the cross-
section and/or time series regressions have a high coefficient of correlation,
and to leave them constant where they do not.

In any event, the "best practice" country, the USA, constitutes the
most important single component of any world model and its coefficients cannot
be projected by regression against per capita GDPs in other countries. For-
tunately, a number of other element projections are available for the USA.

Time~series and cross-section methods of updating coefficients assume
that price relativities do not alter drastically from one period to another
and that technology (input-combinations) in more advanced countries represents
the shape of things to come in less advanced countries. While such assump-
tions will not be precisely borne out, they may get us near enough to the
truth for our purposes.

The latest coefficients available may nevertheless prove as good an
estimate of what the 1970 and 1980 coefficient matrices will look like as any
alternative means of projection. Ultimately, we may use unaltered coefficients
for our updating and projecting, varying only the relevant final demand
vectors.

II. THE INTERNATIONAL TRADE MATRIX

International flows within the model are best determined by means of a
trade matrix with all inter-locking individual country matrices expressed in
constant 1970 US dollars. A number of such trade matrices already exist in
connection with the first three world models listed in Appendix B. No doubt
we will be able to draw upon the experience which they provide.

The kind of trade matrix which we have in mind is illustrated in Table 3.
We have assumed that the world comprises three countries, A, B and C. 1In
fact, of course, our matrix will include all large- and medium-sized nation
states individually, together with aggregations of very small, geographically
associated states. Each of the countries is first assumed to have ten sectors
in its inter-industry flow matrix as per Table 2, but we represent the matrix
by three sectors only in Table 3 for purposes of illustration. These three
sector, inter-industry flow matrices for each of the states are strung out
along the main diagonal. The off-diagonal matrices comprise the expanded
export vectors in Table 2 distributed between countries of destination along
the rows, and the expanded import vectors by country of origin down the
columns. These last are derived from the import matrices for individual
states so that we may know the sector origin of these imports within the
exporting country.

Table 3 represents two matrices X and D covering the entire world. X
comprises all individual country inter—industry transactions together with
associated international trade flows. D constitutes a series of exogenous

final demand vectors. X and D may be split, in turn, into sub-matrices Xij

and d.., where
1]
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X . . .-
nr + i-n, ns+j-n rsij
and

n = the order of each submatrix; i.e., the number of sectors
associated with each country.

The above element represents the supply by sector i of country r to sector j

of country s. Similarly, Dnr+i—n,s = d-si designates the supply by country r

sector i into the final demand of country s. Additionally, we define the
value added in country s, sector j as

Vns+j~n vsj

Then, for all s and j,

v .+ Z. X N Z.x ..o+ L d .
sj ri 7 rsij ri“srji r srj

that is column totals equal row totals within the matrices. Technical coef-
ficient matrices and inverse matrices follow.

A simple numerical example will illustrate the working of the model.
Suppose, for example, that country A in Table 3 has a final domestic demand
(i.e., exluding exports) of 200, which spills out in the form of 60 in imports
direct to final demand, 40 in demand for the output of its own sectors 2 and
3, and 100 in demand for its own sector 1. Of the 100, 40 goes to inputs
from the three sectors of its own economy and 40 to imports from countries
B and C. The missing 20, to make up 100, would be in the form of value added
in sector 1 of country A. Sector 1 in country B supplies the 20 which it
exports to sector 1 and to final demand of country A (10 plus 10) by imports
of 2 from sector 1 in country A itself and of 4 from sector 2 of country C,
while it uses 6 of its own inputs and presumably 8 in its own value added.
Thus the domestic final demand in sector 1 of country A spreads throughout
the matrix; although for simplicity's sake, we have filled in only two of the
9 columns in Table 3. It is from this process that the realized 1970 inter-
national trade flows will have been derived. The conversion of these money
flows into element coefficients within the trade matrix will theoretically
allow us to compute an inverse which will show the impact on world trade of
the projected increases in individual country final demands for 1980 or 1990.
The origin and destination of the commodities and services traded are given
in fob values within the matrix. This will give us a 1320 times 1320 matrix,
if we take into account the 132 countries in the FAO Agricultural Commodity
Projections 1970-1980, covering 99.6 percent of the world's population. Each
of these 132 countries will initially comprise the 10 sectors given in Table
2 rather than three countries with three sectors as given in Table 3. In-
verting such a matrix is likely to involve considerable computer time, but
presumably it is possible as a matrix of similar size appears to have been
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inverted for the Harvard US regional input-output model. However, when we
expand to the 21 times 21 individual country model discussed in the next
section, and outlined in Table 4, computer capacity may become a problem as
the time required to do the calculations expands by the cube of the number of
elements added. 1In these circumstances, therefore, we may have to devise some
short-cut technique.

We represent the international trade matrix in fob rather than cif prices.
Thus, we will have to adjust the cif import figures represented in constant
1970 US dollars in our original individual country input-output matrices to
equal the recorded aggregated fob prices in dollars drawn from the OECD origin
and destination statistics for 1970. The difference between the fob and the
cif aggregates will have to be divided among the various service sectors (10
or 21) of Table 2 or Table 4. Where seas must be crossed, this might be done
in accordance with the proportion of the world's shipping tonnage held by
different countries in the model. Where trade is overland, we might assume
that the cif/fob mark-up goes into the service sector of the exporting country.
Both methods involve a number of premises which can never be entirely verified
including that of identity of origin for transport and insurance services
within the carrying country. But more significant still, we will initially
assume that trade patterns do not alter over time and that world prices will
not change between 1970 and 1980, or 1990, if the latest commodity projections
become available. Clearly, o0il has already upset these expectations, and other
disruptions are certain to follow. But quixotic assumptions and approxima-
tions will survive within the model no matter what we do, and it can not be
otherwise. We can only hope that the relative magnitudes which we use will,
when presented in modeling form, yield a clearer picture of what is likely to
happen, and what might be done in anticipation of such events.

The system may, however, be sensitivity-tested for changes in assumptions
and the decision-maker can develop any scenario which he may wish to examine.
In addition, we may try to project trade pattern changes by extrapolating
the OECD trade statistics' time series. Moreover, the compilers of the FAO
Commodity Projections are trying to incorporate price projections in their
predictions and both the LINK and the Maryland models mentioned in Appendix B
adjust prices to changes in international supply and demand. Thus we might
be able to incorporate price determipation in later versions of our trade
model.

Another problem is that the OECD origin and destination trade statistics
which we propose to use cover only trade from, to, and between OECD states,
and although this must be by far the greater proportion of all international
flows, it is by no means all. We will therefore probably have to devise a
gravity model on the basis of these known OECD trade flows by means of which
we may distribute the origin and destination of the trade values between non-
OECD states. Presumably the difference between the sector-by-sector exports
and imports of these countries as recorded in the UN Yearbook of International
Trade Statisttes and/or the FAO International Trade Yearbook and those given
in the OECD Trade by Commodities will give the sector-by-sector value of the
trade among these non-OECD states. It is this which may be distributed in
accordance with some gravity model. The OECD statistics are filed on magnetic
tape and we should be able to read them into our model by machine.
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ITI. THE EXPANDED MODEL

We propose first to construct the 10 times 10 individual country and
associated international trade matrix as described above. But this contains
single agricultural and chemical sectors only, and does not provide us with
sufficient detail to comstruct a world agricultural model. It is therefore
our intention to further subdivide both of these sectors once we have shown
on the 10 times 10 matrix that such a model works. We also expect to divide
clothing and textiles for the reasons outlined in section IV below.

If we compare the proposed aggregation given in Table 4 with our existing
10 times 10 aggregation as represented by Zambia in Table 2, we see that our
original agricultural row 1 will be expanded to comprise rows 1 through 7 in
Table 4. The chemical sector, row 5, will likewise be disaggregated to com—
prise rows 8 through 12. Then too, we propose to add land and labor inputs
together with wages in rows outside the matrix as per rows 25 through 35 in
Table 4. We must therefore outline how we intend to derive these disaggre-—
gated rows since most of them do not exist in any of the original input-output
tables, although some of them do. We must also discuss the additional column
vectors for final demand which are included in Table 4.

We will derive rows 1 to 5 and 7 largely on the basis of the FAO Com-
modity Projections. But these data do not include any information on row 6
of Table 4, forest products. Then too, they will provide us with only demand
and domestic supply row totals for projections to 1980 with respect to non-
food crops and livestock (rows 1, 3 and 5) and even with them the coverage
may not be complete. We must therefore obtain base year domestic supply row
totals for rows 2, 4 and 6, 7 from the FAO's Production Yearbook and assume
that these totals will provide the same proportion of projected demand in
1980 as they did in 1970, The rest will be either imported or exported in
accordance with the FAO Commodity Projections for 1980 with exporting
countries adjusting their supplies to fill the gap. With rows 1, 3 and 5,
however, the trade position can be obtained directly from the FAO Projections;
nevertheless, we anticipate all kinds of difficulties in dealing with the
statistics involved here. It may be that we will have to redefine rows 1
to 7 in Table 4 in order to meet the exigencies imposed by the form in which
the data are made available. We may also adjust supply and demand through
assumed stock build-ups or depletions or through some allegedly price-
determining model. Initially, however, we will follow the FAO Commodity
Projections in holding prices constant.

The same sort of exercise will be carried through with respect to rows
8 to 10 of Table 4. Recorded and projected nitrogen, phosphate and potash
row totals can be obtained from the production and planned capacity figures
contained in the FAO Fertilizer Reviews, and the TVA-~USAID data. Fertilizer
totals are expressed in metric tons in these sources and they will have to
be multiplied by the prices recorded in the FAO Production Yearbooks.
Clearly, a 1974 or 1975 price deflated by the overall US cost of living index
to the base year will be more appropriate than the actual base year price,
as nitrogen appears to be the most fuel-intensive of all major manufacturing
activities and phosphate rock supply prices have been effectively cartel-
determined since 1973. A further complication arises from the fact that
recorded fertilizer prices in the FAO Production Yearbooks do not always
represent true costs and subsidies are widespread. But this will be true
of any of the values within our input-output tables where a government in-
tervenes in the market.
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The demand totals for rows 1 to 5 and 7 of our expanded matrix in Table 4
will be taken from Table D of the FAO Commodity Projections 1970-1980 or the
equivalent table in the revised projections to 1990 when they are published.
These row totals, which are given for the separate types of output, must be
aggregated into our seven sector format. They are in thousands of metric
tons and will therefore also have to be multiplied by the appropriate price
per ton recorded in the FAO's Production Yearbook for 1870, or whatever later
base date may be appropriate for any revised projections through to 1990.

This will give us a constant dollar demand total for rows 1 to 5 and 7 from,
say, 1970 to 1980.

Pesticides and fungicides, row 11, can be obtained in row totals, in
quintals, from the FAO Production Yearbook for 1970, or whatever base year
we eventually choose, and extended through to 1980 or 1990 at constant US
dollar prices on the basis of such technical coefficients as may be projected
for their use. Unfortunately, we have not yet identified a source of price
information in this respect and this problem remains to be overcome. Row 12,
other chemicals, should be the residual of row 5 in the Table 2-type 1970
matrix (updated from 1969 in the case of Zambia) minus rows 8 to 11 in the
Table 4 matrix for each and every country covered in the model. The remain-
ing rows will be as for Table 2 in the base year, except that the textile row
totals will be divided between clothing and other textiles on the basis of
the data contained in the UN Yearbook of National Accounts. The method of
projecting these rows to 1980 or 1990 was described in section I. But di-
viding up row totals along the lines outlined will not solve the attendant
problem of allocating these totals between the elements along the rows mnot
included in Table 2 and it is to this question that we now turn.

Grains, other arable, non-food and permanent crops, livestock, forest
products and fish (rows 1 to 7 in Table 4) will be particularly difficult to
allocate between matrix elements. Some data exist on inter—industry flows
for these different agricultural goods in the FAO Commodity Projections, in
the FAO Production Yearbooks and in some of the original input-output tables,
but they are not as detailed as we would wish. There are, however, a sub-
stantial number of "food balance sheets" for several countries, and these
may, perhaps, be obtained from the Commodity Division of the FAO, or from
the individual countries concerned. These data may show the destination of
food products in terms of processing, final demand or whatever. Where they
exist they may be considered as representative of proportional row distri-
butions of output in all countries of a similar type. Then too, we under-
stand that Dr. Shaw of the Economics and Marketing Division of the Tropical
Products Institute in London is exclusively concerned with the post-harvest
treatment of commodities; he is seeking the breakdown of destination of out-
puts in a manner which may help us to derive rows 1 to 7 of Table 4.

Regardless of the source, we would expect our agricultural row totals
to display a systematic tendency to move between the different elements
making up their respective rows as per capita incomes increase; as bread is
baked outside the household and the like. We will have to try to decide
what these movements might be in order to represent row coefficients in 1970
and to project them to 1980 or 1990. Whatever the result, individual row
elements in the base year, 1970, for rows 1 to 7 in Table 4 should be recon-
ciled with the actual recorded and/or updated elements for the single agri-
culture row (row 1 in Table 2) where we actually have input-output tables;
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appropriate adjustments may have to be made to individual commodity row
elements. In other words, element 1/1 in Table 2 will become a 7 times 7
sub-matrix in Table 4 and these matrices may have to be adjusted in the light
of Table 2's element totals. The same applies to the relationship between
row 5 in Table 2 and rows 8 to 12 in Table 4, as discussed below.

Fertilizers, pesticides and fungicides and other chemicals (rows 8 to
12 in Table 4) will have their row totals determined from a variety of sources.
The FAO's Annual Fertilizer Reviews, plus information obtainable under the
TVA-USAID contract, together with the prices given in the FAO Production
Yearbooks will furnish the totals for rows 8 to 11 in Table 4. Other chemi-
cals will comprise the totals for row 5 in Table 2 minus rows 8 to 11 in
Table 4.

It will not be clear from these sources how fertilizer inputs are dis-—
tributed between columns 1 to 6 as well, as into final demand for gardens
and golf courses, and the same applies to pesticides and fungicides. Tech-
nical advice will therefore have to be sought on the subject. Dr. J.A. Clark
and Mr. Gordon MacKerron of the Science Policy Research Unit at the Univer-
sity of Sussex, Dr. David Norse at the UK Department of the Environment, and
Professor George Allen at the University of Aberdeen are all working on these
or similar problems. Grains are clearly the major consumers of fertilizers
in most countries. We understand that the Mesarovic-Pestel model cited in
Appendix B simply assumes that grains take 75 percent of each and every
country's fertilizer consumption; throughout Latin America it is not nearly
so much and the pattern varies widely from country to country. Most fertil-
izer consumption in Sri Lanka, for example, is for the purpose of growing tea.

Other inter-industry flows (rows 12 to 21) will be taken directly from
the individual country 10 times 10 tables as per Table 2. They correspond
to all but rows 1 and 5 therein, except that textiles will be split into
clothing and other textiles. This last split in row total form can generally
be obtained from the UN Yearbook of Natiomal Accounts Statistics for the base
year, but dividing the elements in columns 1 and 5 in Table 2 between columns
1 to 12 in rows 13 to 21 will be more difficult. Initially the original ele-
ment totals in columns 1 and 5 of Table 2 will probably have to be divided in
proportion to the new totals for rows 1 to 12 in Table 4.

Value added (row 23), as has been shown, can be derived for the base
year, 1970, from the UN Yearbooks of National Accounts Statistics although
the elements along the rows in Table 4 do not correspond exactly with the
value added in each country recorded in these Accounts, and approximate dis-
tributions will have to be arrived at. Then too, value added raises a fur-
ther problem. It is unlikely that 1970 GDPs processed through updated in-
verses will yield the value added in each sector recorded in the UN Yearbook
of National Accounts Statistics, and the problem of reconciling the two out-
lined in Section I will have to be either ignored or faced. It may not be
necessary to resolve them if the 1970 GDP spills out into value added in
sector proportions close to those revealed by the Yearbook.

Land under grains, other arable, non-food and permanent crops, forest
and irrigation, (rows 25 to 31 in Table 4) will be derived from a variety
of sources. The FAO Commodity Projections (1970 to 1980) can supply us with
the data for columns 1, 3 and 5. This source also anticipates the yields
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per hectare in 1980 for each of these sectors. It is with respect to such
projected yields that we will take expert advice on the product—by-product
pattern of input change outlined above. Land under crops in columns 2, 4
and 6 will have to be derived from the FAO Production Yearbook for the 1970
base year. Land area used for these purposes is not predicted in the FAQ
Commodity Projections, but presumably it can be obtained by taking estimated
output in 1980 and dividing it by some estimate of yields on a crop by crop
basis. Other projections may be obtained from E.O. Heady, World Food Pro-
duction and Demand to 1985 and to 2000, (Iowa State University Press) and the
FAO Indicative World Food Plan. Estimates of the absolute limits of area
(rows 32 and 33) and possible production per hectare in different parts of
the world are contained in P. Buringh, H.D.J. Van Heemst and G.J. Staring
Computations of Absolute Maximum Food Production in the World (Wageningen,
Agricultural University, 1975); this study was initiated by the Club of Rome.

Irrigated lands (row 31) do raise some difficulties for us, since the
FAO Production Yearbooks do not allocate the total area under irrigation
between crops in a country. Moreover, these areas are part of the totals
involved in inter-industry flows mentioned above and comprise areas commanded
by existing infrastructure rather than land actually under irrigation. We
may simply have to relate total irrigated areas, which we do know from the
FAO Production Yearbook, to total 1970 and projected 1980 or 1990 agricul-
tural output on the basis of some constant ratio of output to irrigated area,
up to the limits given in Buringh et al. This is unsatisfactory, and we hope
to improve on this method as the research proceeds. Sensitivity testing
here, as elsewhere, may provide some solutions to our problems.

Employment and wages are given in rows 34 amnd 35. Agricultural employ-
ment can be obtained from the data in the FAO Production Yearbook. This
total will be subdivided on technical advice relating to value added between
the individual columns 1 to 7. Alternatively, it may be possible to take
average labor productivity from data against value added per agricultural
sector. Both value added data per crop and overall agricultural wages can
be obtained from the FAO Production Yearbook, and information on productivity
per worker is available from the ILO Yearbook of Labour Statistics. Often
real wages on plantations, i.e. some proportion of permanent crops under 2
above, are three or four times as high as earnings in subsistence grain
production and this complicates the issue. Nevertheless, we will try to
introduce this wage element into the table not only in order to help us ob-
tain ratios of employment to value added, but also because we may want to
know how different final demand scenarios will affect income distribution
when they are processed through the inverse matrices. But more of this in
Section IV.

Other employment and wage figures for the remaining sectors of the matrix
will be derived from the ILO Statistical Yearbook, OECD employment data, the
Commission of the EEC, the United Nations Statistical Office, the Economic
and Social Commission for Asia and the Pacific (ESCAP), in particular the
Sectoral Output and Employment Projections for the Second Development Decade,
Development Programme Series No. 8, Bangkok 1970. It may also be that 1970
ratios of sector output to sector employment can be projected to, say, 1980
on the basis of work currently going on at the ILO under the World Employment
Programme. As has been said, we are already helping with this Programme,
and, if they are able to provide us with such data, then many of the problems
connected with employment estimates will be solved.
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Final demand (column vectors 23 to 29) must be added to the data which
we would normally have with our existing 10 times 10 inter-industry flow
matrices. Domestic final demand (columns 23 and 25) will be arrived at in
the manner already discussed. Exports (column 24) will become a function of
the operation of the trade matrix. Any projected additional irrigation and
land clearing or improvement costs, both capital and current, will have to
be added to final demand as column vectors (27 to 29). In other words, there
will have been some irrigation development and current outlays contained in
the original matrix for our base year of 1970, but if the pace of irrigation
development is quickened in 1980, perhaps under higher cost conditions, then
we will have to incorporate an increment to annual capital expenditure and
current outlays for irrigation in column 27 of our 1980 matrix. Base year
agricultural investment data can be obtained from the UN Yearbook of National
Accounts Statistics. Different incremental land development costs by region
are given in Buringh et al, and these may also help us here. Then too,

Dr. David Norse of the UK Department of the Environment is attempting to
calculate what such costs might be, and perhaps we will be able to draw on
his advice in this respect. He is working on the basis of feasibility study
estimates obtained from the library of the UK Ministry of Overseas Develop-
ment. But columns 27, 28 and 29 do involve difficult and esoteric calcula-
tions and may have to be dropped from the initial model as separate items.

IV. USES OF THE MODEL

The question naturally arises as to why one should go to all the trouble
of building a world agricultural model in the detail described in the fore-
going three sections. Any answer must really lie in identifying some virtue
in using standard format individual country input-output matrices with the
associated trade matrix. After all, less detailed models with respect to
economic structure are already under construction and they should help to
answer many of the questions which individual country planners and interna-
tional aid officials or investors may want to ask.

The distinguishing characteristic of input-output analysis is that it
shows how changes in production in one sector are linked to changes in pro-
duction in another; we may give examples of the uses to which this can be
put. We may, for instance, predict that country A's grain production must
increase by Y dollars at constant prices if it is to play a part in feeding
an expanding and possibly individually-richer world population on a given
land area. This should then allow us to determine from our input-output
matrix for country A the necessary expansion in fertilizer consumption.
Initially this may involve country A in more imports of nitrogen, potash,
phosphates, o0il, etc., and country B in expanded output to supply these
imports; the trade matrix will indicate the amounts involved, The inter-
industry flow matrix for 1980 or 1990 for country A may then reveal that such
a volume of input of nitrogen or whatever into agriculture will allow for the
establishment of a domestic manufacturing plant with the appropriate econo-
mies of scale. Whereupon the input-output table will show how the import
pattern shifts from, say, nitrogen to fuel with the corresponding balance of
payments effect. It will also show how utilization of plant in existing
nitrogen exporting countries will be altered and what adjustments may be
needed therein.
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It would be possible, assuming that we can designate a minimum and/or
an optimum nitrogen plant capacity, to print out those countries which may
begin now to plan for domestic nitrogen production designed to come on stream
in 1980, over and above that already identified in the FAO's Annual Fertil-
izer Reviews. Similar changes in economic structure may be identified
throughout individual economies as a consequence of anticipated increases in
grain production. Such changes may involve both direct inputs such as nitro-
gen, and indirect inputs into nitrogen itself in the form of fuels. The inter-—
national trade ramifications may also become clear. An international aid
agency or bank, for example, may thus be alerted to the countries in which
the establishment of nitrogen manufacturing capacity may be worthwhile from a
market point of view, or where planned investment in further nitrogen capac-—
ity might be reconsidered in the light of falling possibilities for exports
to those countries which may now anticipate their own production. It then
becomes reasonable to take up these issues with each country's planning au-
thorities to see if they can identify any marked inaccuracies in the crude
calculations of our global model. A variety of such checks may be carried
out in connection with whatever periodic economic survey reports the inter-—
national agency in question may carry out on country A. If country A's
officials agree with the model's diagnosis that the required domestic nitrogen
consumption threshold will be reached by 1980, then the international lending
agency may suggest to an appropriate organization, such as the United Nations
Development Programme (UNDP) or the UK, ODM, that a feasibility study be
undertaken on nitrogen production facilities. At this stage, any important
inaccuracies in the crude world model from a market point of view will be
revealed if they exist, or the plant may be ruled out on the basis of cost
projections which make it uneconomic. But the point is that the initial
world model acts as a project identification technique of a more or less
systematic kind and it may do this for a wide variety of enterprises on the
basis of different scenarios regarding country growth rates, trade-offs with
respect to extensive and intensive land development, and so on. It may be,
of course, that the ensuing detailed individual project appraisals will show
that individual components of the world model are not working particularly
well. If this is the case, then they will have to be revised. The kind of
issues which a systematic examination of these project appraisals would
throw up could lead to alternative parameters in the model so that the exam-
ination operates as a satisfactory identifier of projects.

If we assume that the model can be made to work in a satisfactory way,
then we can develop a wide variety of scenarios. For example if wage and
employment data are incorporated in the model along the lines suggested, then
the employment-income-distribution consequences of various types of global
aid and loan strategies may be worked out. In this respect, the International
Wool Secretariat (IWS) has been asked by the Conference Division of the ILO
to make proposals for conducting research on "the scope of employment oppor-—
tunities in the clothing industry with particular emphasis on developing
countries”", to be financed by the UNDP. We at Bradford have, in turn, been
asked by IWS to help with this study. If finance can be found for construc-
ting the world agricultural model proposed here, then the input-output impact
of transferring more of the world's clothing industry to poor countries could
be worked out in terms of the sector breakdown of this model. Clothing manu-
facture is a particularly labor-intensive activity and the income-effect of
its expansion will substantially influence the demand for food as well as for
cotton and wool. The projections required under this ILO-IWS contract could
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be developed within our input-output framework and the consequent impact of
the enhanced purchasing power for agricultural production worked through the
model. This kind of analysis may be particularly useful since it is often
agreed that the ability to grow food is not a major constraint; rather it is
the inability of the underemployed to buy food that constitutes the real
problem.

The list of other uses for our system of inter-locking matrices is
potentially very large. The model should reveal the outlines of the overall
changes which must take place in the economic structure of individual econo-
mies and of world trade, if all are to be fed and clothed five, ten or fifteen
years hence. These structural changes may vary according to the strategies
developed upon the model; i.e., increased poor-country industrial exporting
in exchange for increased food imports from the developed countries, increased
industrial and food trade among the poor countries themselves, increased
agricultural self-sufficiency on the part of the individual countries within
the model, and so on. The expectation is that, despite the inevitable in-
accuracies of the existing data and despite any failure of projection to
accord exactly with realization, the model will provide a better basis for
planning world food production than would otherwise be available. Imperfect
it will cetainly be, but will it be more so than any alternative construction?
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Appendix B: Some Existing World Models

Professor L.R. Klein, PROJECT LINK, Economic Research Unit, University
of Pennsylvania, Philadelphia. The project consists of: 13 individual
country models; regional models for four developing areas; some reduced
form equations for 12 other developing countries; trade models for the
CMEA group of socialist countries, and an international trade matrix
connecting these components. It is supported by the United Nations.

The International Monetary Fund Trade Model, R, Rhomberg, Washington, D.C.
It comprises a 25-country, four commodity model.

The Dynamic World Regional Input/Output Model, Professor Douglas Nyhus,
University of Maryland, College Park, Maryland, U.S.A. It includes 10
developed countries plus a very simple rest-of-the-world model.

The World Food Model, Professor H. Linnemann, Economic and Social
Institute, Free University of Amsterdam. According to the Institute,
"The model describes the development of the entire agricultural sector

in each country, or group of countries. The total number of geographical
units is 106. Development of the non—agricultural sectors is exogenous
to the model and so is population growth,”

The Bariloche World Model, A. Herrara, Fundacion Bariloche, Argentina.

The Mesarovic-Pestel World Model, University of Hannover, Federal Republic
of Germany, and the Limits to Growth Model, Donella Meadows, et al.,
Dartmouth College, New Hampshire. These are the well known Club of Rome
systems—-dynamics models.

The World Employment Model, Dr. Gerry Rodgers, International Labour Office,
World Employment Programme, Geneva, Switzerland. This model is based

upon input-output analysis with the USA representing the structure of
developed economices and Mexico and/or the Philippines representing the
structure of underdeveloped economies.

The World Enviromnment Model, W. Leontief, Department of Economics,
Harvard University, Cambridge, Massachusetts. This model uses input-
ouput analysis on a world regional basis to deal with problems of pollu-
tion control and exhaustion of natural resources.

World Input-Ouput Model, Professor Y. Kaya, University of Tokyo, Japan.

The UK Department of the Environment World Model, Dr. P. Roberts, Systems
Analysis Unit, Department of the Environment, Marsham St., London SW1, UK.
This is another world regional input-output model with detailed agricul-
tural treatment under Dr. David Norse.
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11. The Science Policy Research Unit Model, Dr. J.A. Clark and
Mr. Gordon MacKerron, SPRU, University of Sussex, Brighton, UK. This
model is in the first stages of formulation.

Note: None of the above input-output models comprises anything approaching
the number of individual country inter-industry flow matrices contained
in the Bradford system.
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Discussion

Bruckmann raised the general question of how valid input-output techniques
are when applied to agriculture. A Leontief production function is, by defini-
tion, limitational, i.e. a doubling of all inputs leads to exactly double the
output. This production function, at least in the short run, is applicable
for many manufacturing processes, but not in agriculture. In agriculture there
are: a) definite diseconomies of scale (diminishing returns); and b) absolute
limiting factors, such as availability of land and water. At the least, these
factors may play a sufficiently large role to question the validity of this
enormous task.

Bottomley replied that their work includes updating input-output coeffi-
cients, by means of regression analysis, which unfortunately has shown only
low correlation coefficients.

Richardson advised that in such a large-scale venture there is a certain
danger of becoming so deeply intrenched in data that one might loose control
of what is happening unless one controls by using meta—indicators.

Kaya asked where input-output data for China were obtained; Bottomley
replied that they came from a Japanese source. Taylor stressed the fact that
he knew these data to be unreliable. Bottomley pointed out that in his
venture there was a need to use whatever data were available.

Kamrany inquired about the updating procedure envisaged. Taylor replied
that for the thirty most important countries (which represented 777 of trade
and 867 of GNP) the official national accounting data are used in a modified
draft method; for the less important countries the coefficients might be held
constant,

Cole stressed the role of time lags in any input-output table: coeffi-
cients normally are several years old, and if used for forecasting purposes
might be misleading. Rademaker joined Cole in questioning the usefulness of
this approach for forecasting purposes; the main field of application as he
sees it could be to investigate the outcome of the alternative policies if
they had been taken up at some time in the past.

Bottomley added that, besides the overall project, certain parts have
been taken up, for example, an EEC model in the form of a 6 x 6 matrix, to
be extended to a 21 x 21 or a 35 x 35 matrix.
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A Two-Level Multi-Nation Model for Development Planning

-Towards a Balanced Development Between Agriculture and Industry-

Y. Kaya, A. Onishi, and H. Ishitani

I. INTRODUCTION: GLOBAL SOCIETY AT THE TURNING POINT

The World Economy In Transition

The global society in which we now live 1is in the
most far-reaching period of transformation in this century.
The industrial soclety which first became dominant within
Western European civilization in the 18th century has
during the latter half of the 20th century and in the more
economically advanced regions already reached its highest
stages of development. Japan, which was later than Western
Europe in thrusting itself into this industrial society,
has, in little more than the century which has elapsed
since the Meilijil Restoration, caught up with the levels of

development achieved in the industrial soclety of Europe.

The wave of the industrial revolution, which had 1its
start in England at the end of the 17th century, was rapidly
proFagated to the European continent and to North America,
and in the course of time to Japan in East Asia. The
expansion of industrial society, which often took place
according to principles of exploitation and "survival of the
fittest" type competition, had effects that reached not only
throughout the confines of the countries where industrial
soclety first saw growth, but also penetrated into far
distant lands as well, in such a way that this expansion
acted to incorporate the economies of all countries into
an international framework that was both "organic" and

marked by contradictory and unmatching interest.
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International relations in modern times continued to
be governed,. as before, by the principles of domination
and subservience which had characterized the Middle Ages,
and those powers which were large in an economic and mili-
tary sense dominated the smaller and weaker countries.
This sort of principle, which once enjoyed wide acceptance
almost as if it had been considered the only principle
which could or ought to govern society was very influential
in the formation of the moderm world economic order. 1In
all places where the influence of this principle was felt,
the international economic order which developed centered
on the industrially advanced states. Natural resources
and wealth, and even human resources came to be concentrated
in the industrially advanced countries, while the less
developed countries, typically placed in relationships of
subservience and exploitation, were kept in a pre-indust-
rial state of society. As Swedish economist and socio-
logist Gunnar Myrdal has pointed out,(l) mechanisms were
built into international society whereby the more advanced
countries could become richer and richer and most or many
of the less advanced countries could become poorer and

poorer-—as happened.

The energy which transformed Europe's feudal society
into a modern society came in large part from the desire
for the recovery of rights on the part of individual
people who had been part of the repressed masses of the
pre-modern age. Similarly, there came, after the Second
World War, an explosion of demand for the recovery of rights
on the part of individual countries in those regions whose
less-developed state had continued since the Middle Ages
and which were being repressed by modern international
gociety. While the industrially advanced countries have
been,getting richer and richer, demands for vast change in
a world economic order which is considered to function at
the expense of handicapping the progress of the less~
developed countries are gradually coming to the fore among

the large number of new nations that have become free from
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former colonial status, and these nations' political voice

can no longer be ignored by the industrially advanced nations.

The establishment of the International Monetary Fund
and of the General Agreement on Tariffs and Trade which
supported the world economic order after the Second World
War were measures aimed mainly at the expansion of trade
among the industrially advanced countries and at a stabi-
lization of exchange rates, In the building of these
structures an especially great role was played by the United

States.

The dollar standard and the principle of free trade
were adopted at a time when the United States economy was
the core of the world economy, much like the sun within our
solar system. One may discern here a system structure in
which a group of industrially advanced countries were
planets, and a large number of economically less developed
countries assumed the position of satellites. The intermatio-
nal dynamism which underlay the subsequent development of
this world economic system was in the fluid balance between
the forces of attraction in the direction of the large and
powerful United States economy and forces opposing this

attraction.

However, the expansion of the international influence
of those regions with centrally planned economies, the
changes in the economic power relations with the United
States brought about by the increased prominence of the
European Community and Japan, together with the expanded
influence of the developing countries, have been major
factqrs in the gradual erosion of the post-war world economic
order that was centered around the United States. It is
also noteworthy that the rapid advance of inflation which
accompanied the enormous growth in United States expenditures
on the Viet Nam war helped bring on the collapse of the IMF
system based on the dollar standard and gave rise to the

current use of flexible exchange rates.
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The inflationary any pressures which issued largely from
the United States and spread throughout most of the other
industrially advanced countries caused an undue widening
between price increases for energy and other resources
exported by the developing countries and price increases
of manufactured products exported by the industrially
advanced countries. One ought to be able to recognize that
the raising by Middle Eastern countries of oil export prices
was sudden and forceful correction of this unbalance by
which resource prices had for long been unjustly depressed
in relation to the prices set by industrially advanced
countries for export of their manufactured goods. This
all signifies the beginning of a more vigorous process of
rights recovery by a large number of developing countries,
which have heretofore been handicapped by restrictions
imposed by the industrially advanced countries. The
declaration of enforcement of perpetual sovereignty over
natural resources which was approved by majority vote in
the United Nations General Assembly in 1975 (2) is a knell
warning of the end of an age in which industrially advanced
countries Fould, in their efforts to raise the level:s of
welfare of their own people, unjustly depress prices paid
for natural resources from the developing countries. It is
also a thundering at dawn, announcing the opening of the

new "era of globalization".

The Opening 0f The Era 6f Globalization

There are a number of topilcs such as resources and
energy, food, population, economic growth, inflation,
monetary systems, environment and personal values any of
which, if examined, would show that our society is fast
advancing toward an "era of globalization"--this is to say,
an age in which workable solutions, as seen from a global

viewpoint, are being made urgently necessary.
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Until recently economists were predicting a situation
whereby production of petroleum, one of the earth's
limited resources, would soon be subjected to stringent
controls, or predicting the present situation whereby many
countries, largely due to the four-fold increase in the
price of petroleum within just two years, have been beset
with the steep advance of inflation, and stagnation of

economist growth.

The report entitled "The Limits to Growth", prepared
by the Meadows group and submitted to the Club of Rome in
1972, called attention to the global restrictions on growth
and, warned of the global limitations imposed by resources,
food, environmental pollution, etc. The report recommended
the eventual attainment of what was termed '"zero growth."
But, when speaking of such matters as limitations of natural
resources or self-sufficiency in food, we must recognize
that within the present-day global society in which there
are great differences among various countries in the way
this issue is velwed. To say that resources and food are
insufficient is not to say that this situation holds
equally true in all countries. The scenarios in the "have
countries" are quite different from those of the "have-

not countries".

In the report entitled "Mankind at the Turning Point"
prepared by the Mesarovic and Pestel group and presented
at the Club of Rome meeting held in West Berin in October,
1974, the world was divided into 10 regions and various
Lscenarios“ were depicted for economic patterns subject

to the limitations in petroleum and food resources.

Concerning shortages of foodstuff supply, for example,
the report ptedicts that whereas this problem will become
more serious in South Aéia, a region of excessive population

pressure, such a situation is not expected to occur in the
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North American region. This is an example of the "regional
differences" we have spoken of. It is also predicted that,
in relation to dwindling petroleum resource, global society
would face a great crisis of opposition if o0il producing and
0il consuming countries should become more severe. The
report calls for a new age in which all countries put an end
to self-centered patterns of growth and effect a tramsition
to a pattern of what they call "organic growth" in which
harmony 1in economic growth would be worked out Oon a global

level.

The orientation in this report was not "zero growth" in
the industrially advanced countries, but rather a seeking
after "appropriate levels of growth." The experience of
the "o1il shock," which brought in its wake one type of zero
(or near-zero) economic growth under conditions of restricted
supply of natural resources, had, in the Iinterval between the
two above-mentioned reports, served as an opportunity for

the meaning of "zero economic growth" to be reconsidered

from an international standpoint.

One fundamental problem is that zero growth in the
industrially advanced countries tends to hinder economic
development in the developing countries,thus it still more
difficult to solve the "North-South problem”. Another
fundamental consideration is that the present-day free
market system could not be maintained under zero growth
conditions. If the advanced industrial countries were
forced to the level of zero growth under conditions of
restricted petroleum resource, this could well to a crisis
threatening collapse of the capitalist market system. In
this latter sense, what one might call the "limits to zero
growth" are in large part to be found in the capitalist

market system as such.

On the other hand, seen from the perspective of the
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history of civilization, it is a present reality that
human society has entered an age of tightening global
limitations on natural resources. That there should

begin to be a quickening of movements toward a new
international economic order, and also toward a transition
to value systems which are appropriate to thils new age, may
be called a natural course of development. If free rein
should continue to be given the so-called "logic of force"
and to the closely related sort of behavior by which
individual nations act as they please, human society will

be at the brink of a great crisis.

And 1t 1s in this connection that it Iis necessary to
reconsider the meaning of the limitations of resources
with which our global society must cope. Before there
arises an absolute insufficlency of resources on a global
scale, there is, as i1s already the case, the situation of
relative resource insufficiencies, imposed by the deficien-
cles In the present-day international economic system. In
splte of the fact that the earth's natural resources are,
fundamentally, the common property of all humans, their use
has been largely undder the control of large cooperations
based in the major industrial powers. As pointed out earlier,
the United Nations declaration on rights of permanent
national sovereignty over natural resources is a historic
milestone in the developing countries’' opposition to domi-
nation by wmajor industrially advance countries or by gilant

multinational cooperations,.

But at the same time, this declaration tends to make
even more pronounced the often polarized divisions between
those countries within our global society which happen to
possess a relative abundance of natural resources and those
countries which do not. By becoming thus involved in the
relationships between resource-possessing and non-resource-

possessing countries, thils declaration has further complicated
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North-South economic relations. As long as present-day
global society continues to be divided along lines of each

country's "national sovereignty,"

with the egoisms of
various countries continuing to stand in opposition to

one another, the reality of limited resources will crop

up in the form of other sharp and unpleasant aspects of
the problem. Most especially, should countries with large
amounts of resources use their mineral or food resources

as "weapons"

in their relations with other countries,
seeking thereby to uphold their own positions in the world
economy, this would cast an evil and unfathomable shadow

over the future economic course of the world,

International Economic Policies Under
Pressure To Change

At the United Nations Food Conference of 1974, there
was general agreement on the need for a worldwide infor-
mation system with respect to food. In the global society
in which we live, it is not only with respect to food,
however, that interdependent systems structures exist
among all countries. For example, there are interdependent
relationships among countries with respect to economic
growth, trade, resources and energy, population and environ-
ment, and moreover there are globally interdependent
relationships among more specifically defined sub-sectors
of each of these. Furthermore, the total system of
relationships is characterized by the fact that it changes
dynamically over time. If we think for a moment of the
objectives of Japan's plans for economic growth, we see
that there is not now a single one of them that our country
is able to achieve wholly on its own. The Japanese economy,
which is hypersensitive to limitations of energy resources,
cannot achieve proposed economic growth rates in disregard

of the limitations imposed by the balance between supply
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and demand of primary energy resources, especially petroleum.

The development of technology for the exploitation
of sources of energy other than petroleum 1s advancing,
but it is generally considered that it will be only after
the beginning of the 21st century that these substitute
energy sources will replace oil on a large scale, and
until that time Japan's energy supplies will have to rely

on overseas sources of petroleum.

Under such circumstances, we must recognize that Japan's
economy will remain highly dependent on petroleum through
the end of this century, even though we may at the same

"post-petroleum

time be groping in new directions toward a
age" to be achieved through changes in industrial structure
and technology. In other words, the tempo of Japan's
‘economic growth is affected by the degree that it is possi-
ble to import petroleum from abroad. If the acutal tempo
of economic growth should be greater than this "potential
growth rate," then the balance between energy supply and
demand will be upset and this situation will invite advanc-
ing inflation and a worsening of the international balance
of payments. Japan's excess capacity to supply exports

as well as its capacity to expand imports 1s likewilse

determined by the state of this "potential growth capacity."

This situation applies not only to the Japanese economy,
but also in greater or lesser measure to the economies of
all gountries which are placed under conditions of limited
energy resources. Consequently, under conditions of limited
energy and other natural rasources, the curtain is beginning
to be raised on an era of global management of various
countries' economic growth and trade. First, use should be
made of a "world economic system model" as part of the start
being made in the search for new orientations through which

to examine the degree to which the economic policies of the
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industrially advanced countries, singly and as a whole,
achieve international harmony in their relations with the

oll producing and other developing countries.

The realization of the fact of the limitations of
global resources, which has filrst become prominent with
regard to food and petroleum, cannot help but have as one
of its effects that of making each country think anew
about how to use resources most efficiently. Along with
efforts toward reduced exploitation of resources, there
will probably be, in response to the demands of the new
age, greater encouragement given the development of
"closed systems" for resource recycling. Also, for purposes
of attaining a new dimension of harmony between humans
and nature two Indispensable elements will be the unimpair-
ed availability and utilization of science and technology
for the benefit of all people and the development of better
systems for keeping in check tendencies toward environ-
mental breakdown. It is the forthcoming task of the
“"gcience of economics" to recover, in the full sense of
the term, a new lease on life. The age in which the
science of economics has contributed to the waste of
resources and even to the "population of the human spirit"
1s about to end. A new economic science must be poured not

into an o0ld wineskin but into a new one.

We shall in the future welcome an age 1n whichtthe
science of economics will contribute, from an overall
global viewpoint, to the welfare of all the human race,
golng beyond the age in which economics often sought to
serve only natlonal interests of individual countries.
Thils is also true in the field of economic policies. In
order to achieve an overall global balance of economic
policies under conditions of limited resources, 1t is
requlired that there be a strengthening of United Nations

organs and other economically related international organi-
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zations-~a’ strengthening which requires the transfer of

a portion of national sovereignity.

In particular, with respect to those developing
countries which have problems of inadequate food resources,
in order that development aid for promoting self-suffi-
cfency in food be smoothly implemented, it will come to
be seen as an urgent matter that much larger portion.
the national budgets of the industrially advanced and oil
producing states be allocated for contribution to both
United Nations organs and international financial institu-
tions such as IBRD and IMF for redistribution with priority
given to those developing states which are the most severely

affected by the problems of resource scarcity.

Japan, which, among the major industrially advanced
countries, has the most stringent limitations of energy
and other natural resources, is in an excellent position
to understand the viewpoint of those developing countries
which are also resource-poor. Japan now stands at &
crossroads of having to decide whether to simply sit by
and watch the plight of the resource-poor developing
countries with indifference--which could arise if
Japan were to too easily, through agreements with resource-
possessing countries—-or, ohbtain the protection of a "re-
sources umbrella"-or, on the other to feel and consider as
its own the plight of these developing countriés,to stand
on the side of these other resource-poor countries, and to
show an active and enthusiastic attitude in extending aid to
these countries' efforts at liberating themselves from hunger

and poverty.

It is possible that some of you will wonder how one
can seriously, suggest that Japan, itself affected by
limited resources and faced with so many econouwic problems
of its own, such as the downward turn in 1its rate of

economic growth, should go so far as to try to look after
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the problems of other countries as well. However, the
Japanese economy 1is aund will continue to be compelled to
identify itself more and more closely with the world economy

as a whole.

And there is no doubt that there exists a historic
opportunity for Japan, standing at a point of linkage
between East Asian and Western civilization, to be the
world's forerunner in effecting a transition, under

conditions of limited resources, to a "post-industrial

soclety"”.

In our gloubal society, with i1ts limited resources,
it is likely that there will continue to be for some time
sharp antagonisms and oppositions among the self-interests
of various countries, but there 1is, on the other hand, an
increasing necessity for cooperation among nations. This
situation is indeed the historical reality of the "era
of globalization" in which we must live, and it is true
that Japan holds a great potential for helping open up
this new age of international solidarity. And, 1t is
being aware of just this mission that should be the spiri-
tual backbone, which extends through all efforts of

development assistance made by Japan.

If this.epoch-making responsibility of Japan and .all
other countries to improve internationalccooperation
and solidarity should faill, it 1is possible that opposing
positions and struggles among various countries in con-
nection with dwindling global resources might intensify,
and 1t 1s even possible that the development of nuclear
energy, which can be put to eilther peaceful or warlike
purpose, might finally turn out to be more enemy than
friend, with' the human race becoming the victim of a
nuclear war. The question of whether or not we can leave

bahind the present "balance of fear" and correct the
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course of human society to more human and stable path,
directed toward the building of a new world economic order
of peace and prosperity-~-this question is the responsibili-
ty which we, who find ourselves in a "human society at

the turning point," hold toward our children and future

generations.
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II. MACRO-ECONOMIC MULTI~-NATION MODEL

Research Scope and Methodology

From the point of view described above, the authors
have started with constructing a macro-economic multi-
nation model, which will constitute the first level of the
two level multi-nation model to be discussed in chapter 3.
In this chapter the objective of this part of the study, and

the details of the macro-economic model will be described.

The objective of the present study on this macro-
economic model is to develop perspectives on the economic
relations between the industrially advanced countries,
and the developing countries of Asia in 1985, using a multi-
nation model whose basic structures are rooted in a conside-
ration of the "relationships of economic dependence" among

these countries.

Various forecasts of economic growth and foreign trade
in countries of the Asian region may be seen in published
reports of studies undertaken by such organizations as the
United Nations, Economic and Social Committee for Asia and
the Pacific Region (ESCAP)(3), and the Ajia Keizail Kenkyujo
(The Institute of Developing Economies) in Tokyo(A).
However, attempts to analyze and forecast, by means of a
multi-nation economic model, the relationships of mutual
economic dependence among a number of different countries
in the Asian region were pioneered by one of the present

(5)(6).

writers ten years ago

The basic idea behind the multi-nation model was taken
from the industrial input-output table developed by Prof.
W. Leontief (7). The present system model is, however,

composed of a much more complex system structure.
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In discussing various types of models, mention should
be made of the "link project” undertaken in recent years
with respect to macro-economic model for various countries.
Research on "link project" is being furthered by various
people and is based largely on the methodology developed
by Prof. L. R. Klein (8). Apart from these projects,
Professors Mesarovic and Pestel, in carrying out research
on a "world model", have produced a model which divides
the world into 10 regions, with "sub-models" for each
region. Here one sees an attempt to establish links
through the flow of foreign trade (9). As an attempt of
a similar nature, a study 1s currently being carried out
by Prof. Leontief in which the world is divided into several
reglions with industrial input-output tables for each region

constituted from trade-matrices.

The multi-nation model which the present authors have
been researching has been developed separately from the
above-mentioned European and American studies, and has no
direct relation to them., The outline of this model was
presented at the ITIASA World Modelling Symposium in October,
1974, and also at the West Berlin meeting of the €Club of
Rome (10). The present model will be the core of a world
economic model, research on which 1is currently being

undertaken jointly by the present authors.

The geographic scope of the present study has been
chosen to give attention primarily to Japan together with
other industrially advanced countries and various developing
countries in Asia. As hardly needs pointing out, the
Asian developing countries have relationships of economic
dependence not only with Japan but are also involved in
economic relationships through governmental aid, private
overseas luvestments and foreign trade in which the
partners are most notably the United States, Canada, Aust-

ralia, and various European nations. Also in recent years
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economic influence from China and the Soviet Union cannot

be 1gnored. 1In relation to the above considerations, one
might say that 1t would be more practical and realistic

to look at matters concerned with the less developed countries
of Asia as part of a model designed on a global level.

However by taking the liberty of leaving a discussion of
research derived from such a world model for another occasion,
we have, 1in thils study, limited the focus of concern to

14 developing countries (LDCs)in Asia and the 16 industrially
advanced nations which are members of the DAC of the OECD.

Thus the total number of countries considered is 30,
a size which permits relatively easy treatment of data by
electronic computer techniques. The 16 industrially
advanced countries are as follows: Japan, Australia,
Canada, United States, Austria, Belgium, Denmark, France,
West Germany, Italy, Holland, Norway, Portugal, Sweden
Switzerland, and Great Britain. The 14 developing countries
considered are: Burma, Taiwan, Hong Kong, India, Indonesia,
Iran, South Korea, Malaysia, Pakistan, Bangladesh, Philip-
pines, Singapore, Sri Lanka, and Thailand.

For purposes of linking the one-nation economic models
for each of the 16 industrially advanced and the 14 develop-
ing countries in such a way as to analyze and develop
perspectives on the economic relationshilps between the two

groups, the best method is use of a "multi-nation model".

The particular "multi-nation model" used in the present
study 1s a macro-economic model with 1its principal variables
concerned with such things as production, consumption,
investment, export-import, prices, wages, employment,
official development assistance etc. It 1is composed

of a system with approximately 3,000 equations in total.

We shall here proceed with some explanations of the

model.



-101-

The Outline of the Model

The multi-nation macro-economic model used 1in the
present study 1s composed of six "sub-sectors" as follows:
(1) Production; (2) Expenditures on real gross domestic
product; (3) Profits and wages; (4) Prices; (5) Expendi-
tures on nominal gross domestlc product; and (6) Official
development assistance (ODA) and private overseas 1lnvest-

ment.

(1) Sub-sector Relating to Production

Factors which determine the potential for real gross
domestic product 1n each country are availability of fixed
capital, labor force, and technical levels. 1In our model,
numerical values assigned to these factors are set in
terms of total domestic production level per employed worker,
avallability of fixed capital per employed worker, and
expenditures on research and development per employed worker
(calculated as the cumulative total over the last 5 years).
It must be stressed, however, that these factors determine
what one might call each country's "potential supply
capacity" only, since the actually achieved levels of
domestlic total production are determined as a result of
additional relationships involving total demand. 1In other
words, it 1s to be expected that these actual levels will
be subject to ajustment through the prevailing characte-
ristics of the gap between supply and demand. Thus, in
our model, it 1is through controlled manipulation of total
supply levels (as determined by production functions) through
demand-supply adjustment factors that systems are 1nduced
for showing actual gross domestic product during a given
period. In our system, a '"production-oriented" model is
used in the case of developing countries and a "demand-
oriented" model is used in the case of the industrially

advanced countries, although one might Say it 1s a model
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which aims at an integration of the two. Now, let us
inquire about the nature of the system for determining
the structure of each country's expenditures on real gross

domestic product.

(2) Sub-sector Relating to Expenditures on Gross Domestic

Product at Constant Market Prices

The major factors determining the expenditures on gross
domestic product in each country comprise the following:
exports, imports, private consumption expenditure, govern-—
ment consumption expenditure, investment inm plant and
facilities, investment in housing, and investment in inven-

tories.

The most important feature of this multi-nation model
is the structure of its system for determining the imports
and exports in each country's foreign trade. It is, first
of all, a system which presupposes each country's economic
growth to take place not as a completely self-reliant
process but rather within a framework of relationships
of mutual dependence given concrete form through foreign
trade. In the case of industrially advanced countries, the
flow of trade from country (i) to country (j) may be explain*
ed 1In terms of the gross domestic product of the importing
country (j), the relative price competitiveness of the
exporting country (i) as expressed inm the ratio Pe(i)/Pm(j),
and the competitiveness ratio Pm(j)/Pw(j) between imports
and domestic products in the importing country. However,
with respect to developing countries, it is most often the
case that iIimports are restricted not so much by import
elasticities with respect to income or prices, but rather
by import capacity as such. In our model, import capacity
over a given® period is, in the case of developing countries,
elucidated in relation to the export levels in the previous

period and terms of trade (Pe/Pm) prevailing in the period.
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Also, the model 1s so designed that the total exports
of each of the countries considered therein are divided
into exports going to these countries within the endogenous
area of the model and exports going to the rest of the world.
Total imports, on the other hand, are divided into three
parts, i.e., those coming from countries within the
endogenous scope of the model, those coming from the Middle
Eastern and Arab countrieg, and those coming from other
%reas, thus making possible an analysis of the effects of

the Middle Eastern and Arab nations' "o0il strategies."”

Expenditure on private consumption is mostly explained
by income levels as in the ordinary Keynsian type model in
the case of industrially advanced countries. However, the
system is designed so as to obtain private consumption

levels in the developing countries as residuals.

Expenditure on government consumption is taken in

the model to be dependent on governmental revenue.

The gross fixed investment functions used to specify
investment in plant and equipment differ as between the
industrially advanced and developing countries. In the
case of theindustrially advanced countries, these functions
specify a self-regulated sort of system in which investment
in plant and equipment tends to increase in proportion to
exports and corporate income, but tends to fall back with
increases in proportion to exports and corporate income,
but tends to fall back with increases in Interest rates
and unforeseen demand-supply imbalances. However, in the
case of developing countries, domestic capital formation
is elucidated in terms of increases 1n gross domestic
product (which indicate expansion in market scale), as
well as the inflow of official development aid and private
direct overseas investments during a given period and export

levels during that period, the two last-mentioned factors
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bearing an influence in raising the capacity for capital

equipment imports during the succeeding period.

Apart from functions for investment in plant and
equipment, our model includes separate functions for "invest-
ment in housing". Due to restrictions on the availability
of data, these functions are employed mainly with respect
to the industrially advanced countries only, although they
are also applied to a part of developing countries as well,

by way of exception.

Investment 1in inventories is elucidated by means of the
commonly used "acceleration principle"” and the methodology
in this case does not differ from that used 1in ordinary

econometric models.

The above are, in outline, the main structural factors
relating to expenditures on gross domestic product, as
they, in turn, determine the structure of total final demand.
We have alreay referred to the fact that there come inte
play regulatory mechanisms for ensuring that "total
supply", as induced from the production functions previsouly
listed, be in balance with "total demand” as shown through
the combination of these various main factors that make
up the demand structure in the case of industrially advanced

countries.

(3) Sub-sector Relating to Profits and Wages

We now shift our attention to the distribution aspect.
The system for the distribution of the fruits of production,
as expressed in terms of profits and wages, is as follows.
"Profits," here defined as corporate income, rise with
increases in'gross domestic product, but are lowered by
increases in interest rates. On the other hand "wages"
(here, nominal wages) tend to rise with increases in actual

labor productivity and increases in consumer prices, but



-105-

the system structure presupposes that such wage rises will
tend to be held back by any increase in the number of

unemployed.

(4) Sub-sector Relating to Prices

The system structure for determining prices is more
complex. This is because there is not just one type of
price involved, but several. Account must be taken of
wholesale prices, consumer's prices, capital equipméent
prices, export and import prices, as well as the implicit
deflater of GDP, which could also be reasonably called one

sort of "overall price index."

Firstly, wholesale prices are affected by a number of
factors, including wage cost pressure (the pressure to push
up prices in response to increases in labor productivity),
the influence of import prices, the GDP deflater (ratio
of nominal to real gross domestic product), and the index
of currency turnover with respect to real income (ratio
of index of total money supply to index of real gross

domestic product).

Consumer's prices are influenced by such factors as wage
levels during the current period, as well as by wholesale
and import prices in addition to the currency turnover
index during the preceding period. Prices for materials
used in capital investments in plant and facilities are
affected by investment ratios (proportion of gross domestic
product going into capital investment in plant and facilities),
as well as by movements in wholesale prices over the current

period.

Prices of materials for investment in housing, in the
same way as prilces for capital equipment to be invested
as plant and facilities, are strongly influenced by wage

levels.
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The price structure mechanisms operative with respect
to export prilces are different for the industrially
advanced countries, the member countries of OPEC, and the
graoup of other developing countries, respectively., Need-
less to say, the petroleum export prices enjoyed by the
OPEC countries are determined not so much by any "market
mechanism" as such, but rather through the operation of
an artificially conceived cartel. On the other hand, export prices
of the industrially advanded countries are determined under
the influence of numerous and varied factors, including
domestic wholesale prices during the preceding term, the
GDP deflater, the state of international liquidity, and
import price movements. Export prices in those developing
countries which are integrated into the framework of market
mechanisms prevailing in the world economy exhibit the same

sensitivities.

Import prices in each country are calculated on a
weighted average basis, taking into account the relative
quantities and prices of imports from various regions and
individual countries. One of the best and most useful
features of the multi-nation model is its mechanism for
determining these import prices, and through use of the
model one may gain an understanding of the mechanisms by
which inflation due to increases in the price of 61l is

propagated on an international scale.

(5) Sub-sector Relating to Structure of Expenditures on

Gross Domestic Product at Current Market Prices

Once the various prices of tiea comstituent factors
relating to expenditures on gross domestic product in each
country have been determined, the constituent factors
relating may.be mechanicaliy deduced therefrom. By adding
together all these structural factors, one arrives at a
calculation of the nominal gross domestic product over a

given period of time. The GDP deflater may be deduced from
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the two key values determined for the nominal and real

gross domestic product, respectively.

{6) Sub-sector Relating to Official Development Aid and

Private Overseas Investment

In the present model, the planned target for "official
development assistance" (ODA) from the industrially advanced
to the developing countries is expressed in terms of certain
percentages of the gross domestic products of the countries
of the former group. The sum of the official development
assistance from the industrially advanced countries 1is then
distributed among the developing countries according to
certain temporarily fixed ratios which are likewise thought
of as exogenous "policy parameters” set for the sake of

official intergovernmental policy considerations.

The flow of private overseas investments from the
industrially advanced to the developing countries is also
treated in terms of certain percentages of GDP, but these
ratios are thought of as exogenous controllable parameters,
which are relatively subject to manipulation and change
within the model structure. The same considerations hold
for the distribution ratios respecting private overseas
investments from the industrially advanced to the developing

countries.

In the present model, while increases in official
development assistance and private overseas investment are
dependent primarily on income levels in the industrially
advanced countries, it is expected that in this way any
such increases are, conversely, capable of playing a useful
role with respect to developing countries by making an
addition of extra production factors acting to benefit
whatever positive efforts are being undertaken by each of
the latter countries with a view to increasing their own

income. Thus, official development assistance and private
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overseas 1lnvestment, together with foreign trade, form an
important link in the interdependent relationships between

the industrially advanced and the developing countries.

Forecast Scenarios and Discussion of Results Obtained

Using the multi-nation macro-economic model as explained
above, we have made a forecast of the economic relationships
between the 16 DAC members of the OECD and the 14 developing
countries of Asia, taking 1970 as the base year and 1985

as the target year for the present study.

We carried out our analysis onwhat seemed to be the
most likely scenario, although 1t must be admitted, of course,
that the forecast results are subject to influence by
possible unanticipated changes in such "exogenous variables",
as the price of oil, each country's interest rate, money
supply, etc. as well as by changes in aid-related policy
parameters (e.g., ratio of official aid to GDP, ratios of

aid apportionment, etc.).

While the actual movement in oil prices is known from
1970 through 1974, prices from 1975 onward were set, for
purposes of the model, at the same levels prevailing in
1974. From the forecast results, one may see how the
approximately 4-fold rise in the price of o0il between 1973
and 1974 acts to push up each country's import prices, with
the further effects of causing a worsening in many countries'
international balance of payments and influencing wholesale

and consumer's prices, thus accelerating inflation.

In the effort to cope with inflation, each country
considered ih our model has in the period from 1973 to 1974
raised interest rates and reduced money supply, with the
result that growth in GDP and capital investment in the

major industrially advanced countries considered in our
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"zero"” or "minus" values.

model has in every case reglstered
According to our forecast results, beginning in 1976 economic
growth in the major industrially advanced countries is

expected to return to a path of recovery.

If 0oil prices can be stabilized, each country can
proceed in the direction of dampening inflation, but this
in itself does not mean that pressures for price rises can
be wholly stopped by such a development. Our forecast
results also show, in this connection, that pressures for
price increases, accelerated by the "oil shock," will,

as a result of o1l price stabilization, merely be lessened.

It was estimated in the model that, had it not been
for the "oil shock," Japan's average yearly growth in GDP
for the period 1970-1985 would have been approximately 97
in real terms. However, since minus or zero growth rates
are continuing from 1974 into 1975, as a result of the world
economic slump arising from the "oil shock," average yearly
growth rate for the period 1970-1985 will not, according to
our model's forecast results, hardly exceed 7%, even when
one grants that the economy is expected to return to a path

of recovery after 1976.

From the forecast results it may be seen what sort of
impact this slowing down in Japan's growth rate over the
period 1970-1985 is expected to produce with respect to
the economic development of developing countries in Asia.
According to the forecast, the slowdown in Japan's economic
growth 1s expected to relay a considerable impact to the
developing countries of Asia as a result of relative decreases
in official development assistance and private overseas

investment.

The strongest impact is received in the East Asia area

by South Korea, Taiwan and Hong Kong, all of which have close
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economic relations with Japan, the United States and the
other DAC countries. A case in point is the process by
which the DAC countries' minus or zero economic growth in
1974 and 1975 seems to have been influential in producing

an impact on the South Korean economy sufficient to bring
down the growth rate of the latter to half its normal

level. However, South Korean economic recovery has been
rapid and it is expected that a yearly average growth rate
of more than 87 in real terms can be maintained over the
period 1975-1985. However, as a countervailing aspect of
the high growth potential of the South Korean economy, one
must recognize the fact that this high growth rate has
brought about a serious deficit in that country's interna-
tional balance of payments, making it even more dependent on
the financial flow from the industrially advanced countries,
from international bodies, as possibly from oil-producing
Arab and Middle Eastern countries as well. In this respect,
the world slump arising from the "o0il shock" may be expected
to have results which tend to oblige the South Korean
economy, at the time it is engaged in efforts toward self-

sustaining economic growth, to assume a larger debt burden.

The region receiving the second greatest impact (sustain-
ing growth after the East Asia region) from the decrease in
the DAC countries' economic growth rate is the Southeast
Asia region. Since various countries of the region (Philip-
pines, Thailand, Malaysia, Singapore, Indonesia, etc.) rely
heavily on Japan, United States and the other DAC countries
for marketing their exports, a "system structure" comes into
being under which these countries, to a greater or lesser
extent, receive an impact from reductions in the DAC
countries, in particular, Japan's imports. However, in the
case of Indonesia, it has been observed that this country's
domestic economic development is not so greatly affected
by export movements, and since the relative weight of Indonesia

within the economy of the Southeast Asia region as a whole
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is high, the influence of economic slowdown of Japan and
the United States, when seen in terms of statistics for

the whole Southeast Asia region, appears to be considerably
lower than with respect to the East Asia region. On the
other hand, the growth rates of Malaysia and Singapore

are very sensitive to export movements, and in the case

of the Philippines and Thailand, whose foreign trade relles
heavily on Japan as a tradiung partner, decreases in Japan's
Ymports of+«course have a strong influence on these

countries' international balance of payments.

In the South Asia region, whose relationships of economic
reliance on Japan are relatively weak, the influence from
the slowdown in Japan's economy is not so strongly felt.
Trends for the region as a whole are greatly influenced by
whatever trends prevail in India, and it should be mentioned
in this regard that India has a low degree of economic
reliance on the industrially advanced countries such as
Japan and the United States. In considering the reasons
for India's economic difficulties, purely domestic factors
~--for example, the stagnation in domestic total production

linked to agricultural setbacks--take on far more importance.

It 1is expected that the relationships of economic
dependence with respect to Japan and the other industrially
advanced countries on the part of the Asian developing
countries will, compared to the decade of the 1960's, become
even stronger in the future. The growth of such relation-
ships of economic dependence with respect to the industrially
advanced countries on the part of developing countries in
Asla presents a number of important problems for our consi-

deration.

Firstly, there 1s the matter of the increase in what
might be called the "international policy-related responsi-

bilities" of the industrially advanced countries' economic
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growth, TFor if the industrially advanced market economy
should continue to have an excessively low rate of growth,
this slowdown in growth would, through the mechanisms of

a slowdown 1in imports and a slowdown in the tempo of ongoing
official development aid and private overseas investments,
act to cause both increased instability in the Asian develop-
ing countries' international balance of payments and also

a lowered tempo of economic growth in these countries.

On the other hand, should an excessively high rate of
growth (higher than the real potential for productivity
increases) continue over any extended period of time, this
would merely aggravate the problem of the propagation of
inflation from one country to another. Inflation in the
industrially advnaced countries, by raising the prices of
exports, necessarily pushes up the prices of imports in
the developing countries of Asia, accelerating inflation
in the latter. 1In this connection, rises in the industrial-
ly advanced countriés' export prices also tend to worsen

the terms of trade for the developing countries of Asia.

If the economies of Japan, the United States and the
other DAC countries were to grow in such a way as to be
accompanied by severe and repeated swings back and forth
between the extremes of excessively low and excessively
high growth rates, this would no doubt bring difficulties
to the developing countries of Asia, and most especially
to those in the East Asia region, as they attempt to meet
the targets set 1n thelr own development plans for the
achievement of sustained economic gorwth. The responsi-
bilities borne by Japan, the United States and the other
industrially advanced countries, economic growth are, in

this respect, large.

Secondly, the increase 1n the degree of economic
dependence with respect to the industrially advanced count-

ries, in particular, Japan on the part of the developing
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countries of Asla may possibly give rise to further psycholo-
glical and political frictions going beyond the realm of
economics as such. In other words, the increase, especilal-
ly in the industrially less developed countries, of what
might be termed "the degree of inter-country sensitivity,"

as an accompaniment to increases in the degree of economic
dependence, presents troublesome problems for both the
industrially advanced and the developing countries. Such

an increase in "the degree of inter-country sensitivity"
might be said to occcur almost inevitably whenever relation-
ships of mutual economic dependence between a given indust-
rially advanced country and a given industrially less developed
country are given added strength, but the fact nevertheless
remains that the trend for this degree of sensibility to

grow on the part of the industrially less developed countries
gains additional strength in proportion as the relatioships
involved exhibit any unilateral sort of dependence with
respect to investment and foreign trade--any dependence
which is 1liable, politically, to be taken as a relationship
of subservience--directed toward the industrially advanced

countries on the part of the developing countries.

This type of "inter-country sensitivity" can no doubt
be controlled to a certain degree through bringing about
Fhanges in the structure of foreign trade between the Asian
developing countries and the industrially advanced countries.
The present structure of trade between the industrially
advanced countries and the developing countriés of Asia might
be called a "vertical pattern" structure, in which the
industrially advanced countries imports from the Asian
developing countries tend to be foodstuffs and industrial
raw materials, while its exports to these countries consist
of either semi-processed products such as industrial plants,
steel, fertilizers, constituent chemical products for
synthetic fibers, etc., or such finished manufactured pro-=

ducts as electrical apparatus, machinery, transport equipment
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and various types of machine parts for later assembly. This
type of "vertical pattern" trade has the effect of raising

the afore-mentioned "degree of inter-country sensitivity."

If, as the result, in part, of the industrially
advanced countries' cooperation in the efforts of the Asian
developing nations to achieve self-sufficiency in food and
the basic infrastructures needed for industrialization,
trade between the industrially advanced countries and the
Asian developing countries should in the future come to be
dominated by a "horizontal pattern" trade characterized by
the mutual exchange of processed manufactured goods,such
a development would be expected to have the effect of
lowering the "degree of inter-country sensitivity" as

referred to above.

As a condition for bringing about a situation in which
the increasing closeness of the economic relations between
the industrially advanced and the Asian developing countries
should not nurture seeds of psychological and political
disputation between our nations, an international economic
reordering of such a type as would facilitate the Asian
developing countries' changeover to "industrialized societies"

appears to be needed.



-115-

III. AGRICULTURE AND INDUSTRY IN SELECTED ASIAN
DEVELOPING COUNTRIES

South and Southeast Asian countries belong to one of
the most densely populated reglions in the world. TIf
titese countries were provided enough land and natural
resources one could say that they had at least poten-
tialities enough to satisfy the material needs of their
people. If modern civilization were at its initial stage,
one also could say that the tropical climate could give

them the grace of God.

It is, however, tragic that the 'progress' of modern
civilization has greatly changed their lives, mostly
in ways which are seemingly desirable, but has also played
the roles of potentially worsening the situation of the
whole region. Spread of medical care, for instance, was
efifective in contributing to improving the mortality rate
especilally of children and has resulted in the high popula-
tion growth rate of around 2.5%, which does not show any
sign of detcline. Such a high growth rate inevitably
shapes the age structure toward a 'pyramid' type which
means that considerable capital investment has to be diverted
to formation of social capital such as education facilities
and housing. This is a part of the causes of the stagnent
condition of the economy in these countries, which in turn
freezes the standard of living of people at a low level and
encourages parents to have large families, thereby contribut-

ing further to population growth,

This interlinkage between stagnation of the economy
and high population growth has been one of the most serious
problems in most developing countries, especially those in
Asia, and has prevented solution of other such problems
including unemployment, under-employment, chronic malnut-

rition and illiteracy.
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It then goes without saying that appropriate distri-
bution of capital including investments from foreign
countries and governmental aid is required to help in the
development of the economy of these countries. Many
development experts emphasize the necessity of agricultural
development, because of many reasons. The main products
of* agriculture, foods, are the most essential elements for
sustaining human 1life; agriculture absorbs unskilled labor;
it supplies the raw materials to light industry, which is
usually supposed to have a comparative advantage relative
to advanced industrialized countries in the world market;
it also supplies raw materials appropriate for export to
advanced countries. We recognize there are many other
reasons for stressing the importance of agricultural develop-
ment, but at the same time we should see agricultural develop-
ment of some Asian countries will be counfronted by the basic

barrier of available land and water resources.

To investigate the situation of this region the
agricultural data (mainly of food production) of the five
Asian countries (six after the establishment of Bandladesh),
i.e. Thailand, Burma, India, Pakistan, Bangladesh and Sri
Lanka, were studied. The growth of agricultural production
is taken to be the growth of the total harvested area and
the growth of average yield. Table 3.1 shows that in South
Asian countries such as India and Pakistan the increase in
the average yield occupies the dominant position in the
growth of food production, while in Thailand and Burma
the increase in the total harvested area is dominant. The
latter countries still have potential arable land which may
be developed in the future, and for them the easiest method
for increasing food production is to expand arable land. On
the other hand in the former countries almost all potentially
firable being.cultivated, and a strong emphasis was put on
increase in the fertilizer input and adoption of new kinds

of cereals.
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This is seen from Table 3.2 and Fig. 3.1 which show
that the growth rate of the total fertilizer input was
very high in India and Pakistan, around 20%Z per year. It
is not surprising that these countries could realize such
high growth rates of fertilizer use, for the absolute
value of fertilizer input to land was low. For instance
even in 1970 the total fertilizer input per harvested
hectare was 14 kilograms in India, 13 kilograms in Pakistan
(including Bangladesh) but was about 480 kilograms in Japan,
which 18 almost 20 times higher than in the former countries.

Is it then possible for these countries to maintain such
high growth rate of fertilizer input in future? The authors'
answer is unfavorable because of several reasons, the most
serious one being the burden of fertilizer costto ordinary

farmers.

The ratlio of the total fertilizer cost to gross agri-
cultural product in various countries is shown in Table 3.3,
which shows that the ratio of India and Pakistan 1is already
of almost the same order as that of Japan. Moreover, the
average income of an ordinary farmer in India and Pakistan
is8 much lower than those of farmers in advanced countries.
It 1s appropriate to consider that the real burden of ferti-
lizer cost 1is much heavier to the farmers of low-income

countries than to those of advanced countries.

In addition to that, the price of fertilizers has
risen steeply in recent years, triggered by the rise in oil
prices 1in 1973 and 1974. Taking the fact into account the
ratio of fertilizer cost to GDP is fairly constant, almost
1%Z, it is natural to expect that the average growth rate
of total fertilizer input in the long range future is almost

proportional®’ to that of GDP, say 5% or a little more.

Attention should then be again paid on the possibility
of increase in the total harvested area. There may be three

ways for attaining this purpose, 1i.e.
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1. Increase in arable land
2. Increase in crop densities both in irrigated and
non-irrigated area

3. Increase in 1irrigated land

The difficulty in 1. was already described before,
b&t difficulties also lie in elsewhere. The crop density
depends on various factors, but it 1is clear that increase
in the crop density can be more easily realized for irrigated
area than for non-irrigated area in the tropical climate,
which has a long dry season, Fig. 3.2 shows the change of
the average crop density inm the 1960's, and shows that 1its
growth rate was very low. One of the reasons is the
low growth rate of irrigation in India and Pakistan shown

in Table 3.2.

Serious, however, is not only the tempo of the expansion
of irrigated land but the high cost of irrigation. The
data on estimation of the cost of land development, irriga-
tion and drainage is very scarce, except FAO estimate in
1969§12{ The data are updated in 1970 prices and shown
in Table 3.4. It is seen that the cost of irrigation is
much higher than the cost of land development, and so that

it will be a high barrier to overcome.

There are a few ways to measure capital efficiency,

but we used a simple equation,

L Increase in Production

(L)

capital coefficient T Investment Cost

Summation is taken with regard to time. This defini-
tion is a little different from the ordinary definition of
capital coefficient, but it is useful to see how the capital
works. According to the statistical data, the estimated

capital coefficient defined in (1) is between 1 and 2 in
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India, Pakistan, Sri Lanka, Burma and Thailand in the late
1960's. This small value was, however, especially in the
first two countries, not brought about by efficlent use

of investment but by rapid increase in fertilizer input,

as explained before, The authors are afraid that the
capital efficiency will rapidly decline in these countries
wlen the growth of agricultural production which is required
to secure food for rapidly increasing populations will
depend not on the growth of fertilizer input but on invest-
ment in irrigation. 1In other words, putting emphasis on
agricultural development was once considered to lead to
economic development, but will possibly become a barrier

to 1it.

Industrial and Agriculture

It has been widely understood that economic develop-
ment of a country depends heavily on industrialization,
of which the major motive force 1s the high elasticity of
demands for industrial goods with regard to per capita
income, which actually means the equivalence of the 'modern
civilized life' and 'life of material affluence' at least
in the past. 1In recent years reflections on overconsump-
tion of resources in advanced industrial countries stimulated
efforts to change the character of the modern society, but
it should also be recognized that the situation of most
developing countries 1s extremely distant from the stage of
talking about "post-industrial society". A greater part
of demand for industrial goods in developing countries has
been satisfied by the import from advanced industrilalized
countries, which has been a main cause of worsening the
international trade balance. Industrialization has been
one of the most important targets of developing countries,
but it 1is true that such industrialization, usually with
the help of foreign investments, has brought about various
side-effects which disturbed a balanced economic growth of

the country concerned e.g., introduction of luxurious industrial
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goods such as TV sets, automobiles, and refrigerators, widen-
ing the gap between employers and employees as happened in
the past history of the advanced countries, and shortage of
labor intensive industries which may have a comparative

advantage in the world market.

As has been frequently said industrialization requires
a huge amount of investment, which has been also a problem
because 1t has played a role of worsening the intermational
balance of payments position. The capital coefficient the
authors defined above is a good measure to use when discuss-
ing this point. 1In Table 3.5, these values for various
advanced industrialized countries are listed. The exact
equation used for estimating the marginal capital eo-

efficient Bis as follows;

tz-1 AS:(t') = B(V(:-) —V(t'q))+ I}(t);t =to+ 1, e, T (2)
ti=to

where V(t) is the production of value added in year t,
*
Asp(t) the capital investment during year t and n(t) the

noise term (all are in constant prices). The simplest
least square method is applied to estimate 8 . Although
values of B differ from country to country, it lies between
1l and 3, which is a little higher than the B of agriculture
for most of South and Southeast Asian countries in the late
sixties. The estimation of B of manufacturing industry in
these developing countries is hard because of difficulty

of atquiring accurate data, but B of total of the

sectors other than agriculture can be estimated from UN
statistics. The results show thatB's in Pakistan (includ-
ing Bangladesh), Sri Lanka and Thailand are a little higher
than those of manufacturing industries in advanced industri-
alized countries, while the 8 1in India is the highest,

between 6 and 8. The values calculated in the above does not
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correspond to the g 's of manufacturing industries, but
considering that tﬁe @ of manufacturing industry 1s usually
of the same order as that of other scctors including service
sectors (for instance inPakistan the @ of the former 1is
around 4.5 and the @ of the latter 1s 3.5. ), it can be sald
that the capital coefficients of the wmanufacturingindustries
in these Asian developing countries are a little higher than
those in advanced industrialized countries.

There are several causes of such a low capltal efficlency

of manufacturing industries, among which are underutilization
of factory equipment and in India, investment biases favoring
capital intensive sectors such as steel industry. As the
insustrialization will go on, however, 1t will be improved

and will decline to the values of those 1n advanced countries

,1l.e. around 2 or 3.

The preceding discussion tells that the capltal coeffi-
clent of agriculture in South Aslan countries will rise mainly
because of large investments in irrigation necessary for
securing food supply to rapidly growing population, while the
capital coefficlent of manufacturing industry will decline.

In the foreseeable future the former will exceed the latter.

In other wordsindustrialization will become more effective

in capital use in South Asian countries than development of
agriculture. As described in the first part of this chapter
many development experts have stressed the importance of
agricultural development in Asian developing countries and

the authors do not intend to oppose it. Our intention 1s

to point out that the industrialization in South Asian countries
may have the advantage of effective capital use and then acce-
relate economic development of these countries, which thereby
will accerelate agricultural development. The use of capital
investmet: 1in industry, harmonized with agricultural develop-
ment may gain priority in the future policy of these countries,
and the authors are intending to study on this aspect by the
use of a two-level multi-nation model, of which the structure

will be described in the next chapter.



Table 3.1

Thailand
Burma
India

Pakistan &
Bangladesh

Sri Lanka
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*
Growth Rates 1 of Food Production and Its Components

in the Fiye Asian Countries

1961 - 1970 1965 - 1970
*2 *2 *2 *2
Harvested Average = Total Harvested Average  Total
area yield Production area yield Production
3.4% 2.1% 5.5% 4,47 1.4% 5.82
1.6 0.6 2.2 0.4 0.2 0.6
0.8 2.7 3.5 1.8 4.5 6.3
2.0 1.9 3.9 1.8 3.1 4.9
3.5 1.7 5.2 7.4 3.7 11.1

*1  For the sake of decomposing production elements the growth rate
shown here is simply the difference of the corresponding variables

in the

initial year and in the termination year, divided by the

time length. Average growth rates of these variables estimated by
the statistical method are a little different from the values in
the table.

*2 In terms of calories.

Source : FAO Production Yearbook,
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*
Table 3.2 Growth Rates 1 of Various Elements in Agriculture in

the Five Asian Countries

Crop Data Arable Data Irrigated Data

density year land year land year
Thailand 1.8% '61-'70 2.8% '60-'70 7.7% '61-'70
Burma -2.1 '61-'70 3.4 '61-'70 5.1 '61-'70
India 0.8 '61-'70 0.3 '61-'70 2.7 '61-'70
Pakistan & 1.0 '61-'70 1.9 '61-'67 0.5 '61-'70
Bangladesh
Sri Lanka -3.0 '61-'70 3.3 '61-'70 2.8 '61-'70

*]1  Averaged during the data period, so they do not correspond to those
of Table 3.1

Source: FAQO Production Yearbook,

Table 3.3. Ccst of Fertilizer in 1970

Fertilizer cost (%) GAP (USS$) Fertilizer

GAP per capita per harvested area (kg/ha)
Japan 7.4 642 486.1
India 5.7 61 14.1
Pakistan 7.0 79 12.7
Sri Lanka 3.5 108 107.2
Burma 1.5 46 3.0
Thailand 0.3 73 8.9

*GAP = Gross Agricultural Product,

Source: FAQ, Production Yearbook, The State of Food and Agriculture
1973, p.219.
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'Table 3.4 <Cost for Land Development and Irrigation

Thailand
India

Pakistan
(and Bangladesh)

Sri Lanka

*] FAO IWP estimate is on

however, no data are availlable.

GNP deflator.

Land Developument Cost

125

50

240

360

(1970 Price, $/ha)

Irrigation Cost

720

1780

930

2770

the basis of 1962 price.
investment cost is composed mainly of labor cost, the cost
should be modified by the labor cost deflator, of which,

Since the

So the authors used temporarily

*2  The cost listed in the table is the average of the FAO plan until

1985.

Source: FAO Provisional Indicative World Plan, 1969.

Table 3.5 Capital Coefficients of Manufacturing Industries

of Various Countries

Canada
Japan

U.5.A.
Belgium
Sweden

West Germany

Italy

Source: UN, The Growth of World Industry.

Capital

coefficient

2.04

1.20

1.33

2.94

2,70

1.39

3.23

Data

year
'60-'71
'60-'71
'60-'71
'60-"71
'63-'71
'63-'71

'63-'71

Y

(correlation coefficient)

.967
.992
.917
.985
. 994
.971

.975
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IV. STRUCTURE OF A TWO LEVEL MULTI-NATION MODEL

Recent escalation of the consclousness of the global
soclety has stimulated research on the world models which
may clarify the behavior of complex international relations
as well as tendenciles for change of the states of global
resources. The 'World Dynamics' or 'The Limits of Growth'

(13)

Model originally developed by Forrester may be the

one of the simplest types in the sense that the world was
dealt with as a whole in the model, but there have been
or are being developed many other kinds of models which
may be classified into the category of the world model.

(14)

A. Bottomley listed of eleven such models but there

are probably many others. For instance a few models not

described in his 1list have been developed in Japan, such

(15) and the world

(16)

as the world trade model by Shishido
food model developed by Mitsubishl Research Institute
Almost all of these models are similar in the sense that the
world is divided into several blocks or nations, but they
are basically divided into three categories:

1. Multi-nation and/or block, one specific sector model

2, Multi-nation and/or block, multi-sector model

3. Macro multi-nation and/or block model combined

with sectionized nation and/or block models.

The first of these types includes various kinds of
the world energy models, and world food and agriculture
models such as the Mitsubishl model. On the other hand,

the well-known LINK model organized by Klein(a) and UNEP

model by Leontief(l7)

are typical examples of the second
type. Bariloche's model may be categorized as being of
this type, but 1s a little different from others in that
international trade does not play an effective role in the
model. 1In principle a model of this type 1s the best

suited to investigate complexly entwined relations between
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nations and sectors, but the model may become too large

in scale, and the model builders have to exert much efforts
to avoid propagating error from one part to the whole model
as time goes on. Another problem potentially unavoidable
when building models of this type is the difficulty in
gathering the data on the micro-structure of industries

iﬂ each nation and/or block, such as those of the input-
output tables properly compiled in a unified form. A. Bottom-
ley also showed a list of the input-output tables available
to him, and the authors also have many tables of various
countries, but anyone engaged in construction of these
models knows how hard it 1s to prepare appropriate input-
output tables for the nations and/or blocks to be covered

in his world model. The authors once tried to construct

a world model of this type, aiming at clarifying the pattern
of the Iinternational division of labor which 1is normative

in the sense that the first order priority 1is given to
development of developing countries balanced with various

(18). The authors could

economic and physical requirements
derive qualitative findings from the model, but came to

a conclusion that it might not tell more than these without
sufficient data on the input-output tables in a greater
part of the regions in the world. This rather disappoint-
ing conclusion leads us inevitably to restart constiuction

of the world model of other type, i.e. the third type.

Models of the third type are relatively rare. The

(9 is basically of this type, but

Mesarovic-Pestel Model
to the extent of the authors' knowledge, details of the
structure of connecting mcaro-level and micro-level have

not been published yet. The present authors propose a
model, which has a macro-economic multi-nation and/or block
model linked with multi-sector models of the nations or
blocks concerned. In other wor ds the international
economic relations through which the behavior of a country's

economy influences those of other countries, are expressed in
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sectionized terms.

The advantage of adopting models of this type is to
decrease the scale and number of variables as much as
possible, while retaining the objective of investigating
the effects of choice of various development patterns in
the selected nations such as South and Southeast Asian
Aeveloping countries on these nations and the rest of the
world. As a first step towards construction of such a model
the authors decided to construct a two level model as such;

a) A macro-economic multi-nation model consisting of
thirty countries, as expressed in chapter 2.

b) Three sector production models of selected countries,
namely India, Pakistan and Bangladesh, Sri Lanka
and Thailand.

The connection between a) and b) is temporarily only through
the gross domestic product and export, as is shown in Fig.4.1l.

The outline of this part is described below.

1) Production part

From the macro-economic multi-nation model described
in chapter 2 (let it be called MNM) the total investment
in constant prices, As* is given, distribution of As; into
agricultural, manufacturing and other sectors are determined
from the scenario the authors construct. There may be
several scenarios to be adopted, for instance, one in
which the strong emphasis is put on land development and
irrigation in order to increase food production, one in
which the past trend continues, and so on. It 1s stressed
that the objective of the model building is not to see
what will be in the future but to see what should be done as

national and international policy.

Once given the distribution of investments in three
sectors the gross domestic product of each sector is

calculated. The details are described in Appendix 2. The



-130-

'
result of the calculation, " is then replaced into the

corresponding equation in MNM.

2) Export part

In MNM the export from a nation to other nations is
*
* 13
eij is a function of various variables, and can be considered

as extrapolation of the past trend of export pattern, (not

denoted by e (from ith nation to jth nation). This

only in macro-scopic terms but also 1in microscopic terms)
but when one of the scenarios as described above 1is adopted

the content of the gross domestic product will change and
*

ij,'which should be taken into account.

trigger the change 1in e
*
The basic principle in modifying eij is that the change
*
in eij is the sum of changes of the share of agriculture
and manufacturing industries in GDP times ratio of goods in
each sector to the total export. The details are described

also in Appendix 2.

3) Other part

There may be several elements which may change not
through the macroscoplc structure when the industrial
pattern changes. Export price index P is one of such
variables. The authors are continuing to investigate
other possibilities of change of macro variables due to

change in micro structure including P,
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Fig. 4.1 Sectionized Model of a Nation connected to
Macro-Economic Multi-Nation Model (MNM)

total dnvestment agricultural
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e DBS  emm———— distribution P > Agriculturalf+~3 =1
mwM P of invest- Production R’A
ment logic investment
in manufacturing
* Kok
as 1 Manufacturing]|| + X
P Production L/
I Vo>
ot
investment VI
in other +
sectors
other
sector >—
production
* *
ASPO vo

export pattern | e,
change logic —j> ce >




-132-

V. DIRECTION OF FURTHER RESEARCH

The construction of the two level multi-nation model

L]
proposed fn the preceding chapter is now under way, and

the authors have the following future research plan.

1)

2)

Construction of a two-level multi-nation model, of which
the lower level consists of not only the Asian develop-
ing countries selected at the first stage but other
countries 1in each of which agricultural production

plays an important role in national and/or international
economy. United States and Japan are the candidates

from the side of advanced industrialized countries.

Addition of the mechanism into the above model, with
which the normative pattern of international division
of labor mainly in manufacturing industries can be
investigated, taking various natural and social
constraints specific to each country into account.

At the first step the second level model consists
only of three sectors, of which the second sector,
manufacturing industry, occupies the dominant position
in the international trade. Construction of the new

world economic order described in Chapter 1 inevitably

requires change in the present state of international division of labor,
especially 1in industry sectors. The authors plan to divide the
manufacturing industry sectors into 10 to 15 subsectors,
and apply the mathematical planning methodology (possibly
LP) to find the change of production pattern of these
sectors of various countries which satisfy various
constraints concerned with capital, labor, labor quality,
environment, and so on. The authors already started
setting of the model framework and gathering of data
input-output tables, census data on labor quality in
various industry sectors, time series data of trade flow,

etc.), in parallel with the present work.
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3) Expansion of the multi-nation model to the world model.
The present multi-nation model consists of only
thirty countries i.e., 16 industrially advanced and
14 developing Asian countries, and the authors intend
to expand the model to the worldwide one. Accumulation

of the data for this purpose is also already going on.
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APPENDIX 1.

Macro Economic Multi-Nation Model

1. Model Equations

1, Production

4,

6.

-4
. EAS*

1

£
+v ( ld'“)}

* - *
T d a+ B x -4

d* = a + *
P 8 s p-1

’I:;r*d Foox

EH=F (a+t8 CTH +y 7O VH7 (et s 7D

ok
x* =y [ GEI’)'ll (¢ 1s endogenously determined for DAC)

gk = gk + Dg* - gk
p = pq T Tk
1= (1-u) lcs

;a -1, ;b = 0 (for DAC) DAC:

ia -0, Eb = 1 (for LDC) LDC:

Industrially developed couatries

Developing countries
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II. Erpenditure on GDP (at constant prices)

P t "P -
1. ;a{A+Bx*( %r[_e(i‘)_]—..i.s[—mii)_m(j)_] }+zb{A

I Do Pagy Puy 71
- o Pe()
+B [e*(J)-1 + (}:Oda(i.j) TS,y tat 84 [Pm(j) ]-1+rx*(.‘l)

-1

2, f*o "a+B T*o (z relates to importing countries(j). )

3. owh ma+ B oxk

1

* = & * z - - gk o X o Ak - *
4, ¢ za[u+8x + v c_1] +zb[x* et + mk - g ABP Ash Ag i]
5. gk=a+8 r*

6. r*=a +8 x*_

1

. S 1 & { +a
+ + s
- Y e*_, [ -1 € log,

7. As*P - Ea.A{u +8 y* op]-1 }

+ ;_b.A{ a+8 x*_1 +y[e*_1 + (zoda(i,j) + }-:Asop(i,j) +a

- pe
+ “c)-»t] [Pm 1.4} (A= £(§) for DAC)

6 (=) -
B.As*h-u+8 x* + y ph_1+6 1__1

(-] -
- * = xk
9. As*i a+8 x*+y (x x_1)+61_1

. ek m rek + f£*
10. e }".e ) °

11, ot = };:e*(i,j) + m*o + m*E

12, x* = ek - p* + ¢k + gk + As*P + As*_ + Ag* (for DAC)

h i
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III. Profit-Wage

o
R - *
1. yc a+B x +Y1_1

©
2, ”-“+ch-i+7py+6"-1
x%

- @&y
> wy = DI

IV, Prices

1. l,“..(,.+gpm_1+7[p"’ 1 +a(xl*)_1+a:1‘H
y

2, pc-a+8pv_1+yu+6pm_1+c1v_1

3. pcs-u+8pv_1+yu+aiv_

1

4, py=a+Bp, +Y(72)

5. ph-c+8p1+yu
-z i X
6. Pe z.{c+8pv +qu"_1+5 pm-1+‘ ('x—*)-‘. }
tz o+ Bp vyl +ép,  tep, tHz (P!
(z relates to exporting country (i).)
a a - -
- e omk .
Lo Pa { 2|:[pe(i.) & (1,.1)] + Peo ™o + PeE m*E L U;:e*(i,j) + m*o + m*E]
n
-Xx - (=22 x*
8. p=o% A 9. 1= (=) ) (-
80 °
;. =1, z,=0, z = 0 (for DAC)
z, " 0, z,=1, z, = 0 (for LDC excluding OPEC)

- - -l
z, 0, z, 0, z, (for OPEC)
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V. Expenditure on GDP (at_ current prices)

l. e= pe'e*

2, m= pm_m*

- L] *
3. ¢ P

he B = p -8

5, A8 = AB*
p P1 P

= p.eAS*
6. Ash Pn as h
A%
1. Asi -v, As "
8. x=e~-m+c+g+t Asp + Ash + Asi

9, b=e-m+ ]

VI, Official Development Assistance and Private Overseas Investment

- J[.x*
1. %a I.x

2. &s = Doxt
op

3. Loyt = %%a
4, - K.
88 on(1,9) = K8%p
5, 8__ = +48 -~ F
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APPENDIX 2

Equiations for the economy of selected nations

1) Production Sector

Agriculture

. * *

8Spp = l ASpy — BSpg for Thailand (A4.1)
*
aDASP for India, Pakistan and
Bangladesh, Sri Lanka
* AS* f Thailand
= a. or a an
bSpg t D P (A4.2)
* *
ASPA - ASPD for India, Pakistan and
Bangladesh, Sri Lanka

= 1 ag* B
Ay=hy 1 7 ¢, *%m,-1 7 T, ASpR,-1 (A4.3)

= Loasy Ab.b
Ag = AR,-l + TASPR,—l (A4.4)

R

PD = KD-AD'PD (A4.5)
PR = KR'AR-PR (A4.6)
V= F,-(By +P) (A4.7)
Py = fD(F/(KDAD + KRAR)) (A4.8)
Pp = fA(F/(l(DAD + KRAR)) (A4.9)

AD ; arable land without irrigation (ha)
AR ; irrigated arable land (ha)

C_ ; unlt investment cost for land development in constant
prices (g/ha)

CR 3 unit investment cost for irrigation in constant prices

.($/ha)

KD 3 crop density for AD

KR s crop density for AR
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s yleld of AD in terms of calories (Cal/ha)

yield of AR in terms of calories (Cal/ha)
price - calory converter

; investment for land development

s investment for irrigation

gross domestic product of agriculture

F ; total input of fertilizers (t)

fD’

f

A are the table functions determined from the past
data. F 1is determined from the given value of
the elasticity to GDP, between 1.0 and 1.5.

Manufacturing Industry

V. = —

By 3

)
VI H

o (A%.10)

capital coefficient defined in chapter 3

gross domestic product of manufacturing industry

BI is chosen as the same as the average of BI of advanced

industrial countries for Thailand, Pakistan and Bangladesh
and Sri Lanka, but as a function of time slowly going down
from 10 to the average of BI of advanced industrial

countrias.

Other Sectors

X
VR=

2) Export Sector

*

e =

13

*
Br ZENE V;/ » (A4.11)

* *

+ .
oeij Aeij (A4.12)
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* - , I _ AL
Aeij _ (031,—1 gi’_l) (VA,i’_1 + vI’i,_l) (rij rij)xi
for export of the selected Asian developing
countries (A4.13)
0 - v + V.. R U
©8y,-1 7 By, Yagg,m1 * V5,0 R

for import of the selected Asian developing
countries from main food exporting countries

. (A4.14)
e ¥
R, = jeij (44.15)
*F
Le
1,3 1
g - Ya (A4.16)
VY
*F _ k * F
eij = eij - oeij(l - rij(t)) (A4.17)

*
eij; the export from i-th country to j-th country

* *
oe ; the forecast of e from one-level multi-nation model

1j 1]
*

Aeij ; the change of the export due to the change of structure
of the gross domestic product of the selected Asian
developing countries

*
ei§ ; the food export from i-th country to j-th country

08y i the extrapolated value of the past trend of -9

Ky the extrapolated value of the past trend of the ratlo
of the total export of.i-th country to the sum of the
gross domestic product of agriculture and manufacturing
industry.

rij ; the ratio of the export of industrial goods from i-th
country to j-th country to the total export between
two countries

13 ; the ratio of the export of agricultural goods from i-th
country to j-th country to the total export between
two countries.

rfj ; the ratio of export of food from i-th country to j-th
country to the total export between these two countries.

R, ; the ratio of food export of i-th country to the food
export of the whole food exporting countries.

U, ; the ratio of real food import to the potential demand
for food import
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Explanation of Symbols

X

ek

n*

m*

c*

8*
ok
As
As*h
As

P
As*

as

As*

A column vector of n element which denotes gross domestic
product (at current market prices) of n countries within the
endogenous region,

" gross domestic product at constant prices.

" potential gross domestic product at constant prices.

An element of e* matrix which denotes exports from

1,1)
country i to country j (at constant prices).

A column vector of n element which denotes each country's
exports outside the region (at constant prices).

A column vector of n element which denotes exports of
goods and services (at current prices).

"  exports of goods and services (at constant prices).
"  imports of goods and services (at current prices).
" imports of goods and services (at constant prices).

"  {mports of goods from the rest of the world (at
constant prices).

"  private final consumption expenditure (at current
prices).

" " (at constant prices).

" government final consumption expenditure (at current
prices).

" "  (at ‘constant prices).

"  government current revenue (at constant prices).
"  housing investment (at current prices).

" "  (at constant prices).

"  non-housing investment (at current prices).

" " (at constant prices).

"  increase in stockg (at current prices).

" " (at constant prices).
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A column vector of n element which denotes fixed capital
stocks (at constant prices).

" depreciation of fixed capital (at constant prices)

"  research and development expenses (at constant prices
"  corporate profit (at constant prices).

"  employment (in terms of man-hour).

"  civilian labour force (in terms of man~hour).

unemployment ratio,

"  average wage and salary per employee (at current
prices).

"  average interest rate on loan.

"  foreign exchange rate (in terms of SDR).
basic balance of payment.

" balance of the capital accounts.

"  labor productivity index.

¥ rate of customs duty to total imports.

"  {mplicit deflater of GDP.

" implicit deflater of private consumption expenditure
{consumers prices index).

"  4implicit deflater of government consumption.
"  implicit deflater of fixed equipment investment.
"  implicit deflater of housing investment.

¥  Jmplicit deflater of increase in stocks (wholesale
prices index).

"  export price index.

import price index.

"  each DAC country's total official development
assistance (net).

"  money supply-real income income index.
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An element of o matrix which denotes official

da(1,3)
development assistance from DAC country 1 to LDC country jJ.

A column vector of n element which denotes each DAC
country's overseas private investment (net) to LDC countries.
"  overseas private investment balance.

An element of As matrix which denotes overseas

op(1,3)
private investment from DAC country i to LDC country J.

A column vector of n element which denotes each LDC's
official development assistance (net) received from
multilateral agencies.

"  each LDC's official development assistance (net)
received from centrally planned economy zone.

money supply.

"  imports of technology.

A scalar of export price index of the rest of the world.
"  import price index of the rest of the world.

0il export unit price index.

"  international liquidity index (world total).

"  world imports excluding n countries in the endogenous
region.

"  export price index of primary commodities.

Denotes time.
Denotes the exogenous variables of the model.
Denotes dummy variables.

A n x n matrix which denotes the constants of export functions
from country 1 to country j within endogenous region.

A n x n matrix vhich denotes the coefficients of export functions
from country i to country j within endogenous region.

A column vector of n element which denotes the constants
of a group of structural equations,

A°diagonal matrix of a n x n order which denotes coefficients
of a group of structural equations,

Development assistance policy parameters.
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APPENDIX 3

Estimation of the Model's Structural Parameters

In estimating the macro-model's structural parameters,

the main statistical data used were as follows:

United Nations, Yearbook of National Accounts

Statistics
Statistical Yearbook for Asia and

the Far East

Demographic Yearbook

Monthly Bulletin of Statistics

OECD, National Accounts of OECD Countries

Labour Force Statistics

Development Co-operation

ILO, Yerabook of Labour Statistics

IMF, Direction of Trade

International Financial Statistics

The above were supplemented by studies by the World Bank
and by statistics published by the governments and central

banks of the nations concerned.

In order to adjust these basic statistics into units
of calculation applicable in common to all the various countries,
as raequired by the multi-nation model, national income and
other statistics are given a reference base in terms of constant
prices uniformly set to conform to 1970 levels. Units of
currency in each country are tranposed into units of "millions
of US dollars."” 1Indexes for prices and the like are uniformly
set with reference to 1970 levels. Statistics on population
and number of employed persons are expressed in units of

"thousands of persons.,"
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Time Sseries data needed for estimating the model's
structural parameters were insofar as possible collected
for the 20-year period from 1954 through 1973. Even in
the case of developing countries, most of in which data
was Iincomplete, information was compiled for, at the very

least, the l1l2-year period from 1960 through 1971.

On the basis of the above data, an estimation is
made of those parameters to be used in designating the
variables which in turn determine the specific system
structure which our multi-nation model will assume for
purposes of examining a given problem. The total system
used in the multi-nation model has been referred to already,
but it remains to be pointed out that a special characte-
ristic of the model is that the many variables and paramaters
making up the model's system structure can themselves be
changed with each change or addition of data. In the usual
econometric model, the structural parameters assigned to
glven variables may change with a change or addition of data,
but the set of variables which determine the system structure
itself cannot be easily changed. However, the multi-nation
model is designed so as to permit quick and flexible changes
in the combination of variables used for purposes of respond-

ing to new information and data.

Indeed, one reason for developing the multi-nation
model is the fact that since the "systems structures" of
various countries are not necessarily alike, for purposes
of responding appropriately to these variatious among
countries the use of any inflexible sort of system structure

in an economic model will involve difficulties.

Let us now refer to some concrete procedures. Firstly,
we must designate a specific set of structural equations
using some or all of the full complement of explanatory

variables permitted by the various possible types of
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structural equations which may be used in the model. Since
there may be differences in system structure dependent

upon the country or time period under consideration, it

is not necessarily the case that a given set of explanatory
variables will be uniformly applicable throughout the

entire model. Thus the setting up of a specific program

is done through a process of discarding those explanetory
variables considered to have low statistical reliability,
and then making repeated trial calculations with respect

to a uniformly applied set of equations until the most
appropriate combination of variables is achieved. In this
way the multi-nation model, capable of reflecting subtle
differences in the systems structures of each country, takes
concrete form, Of course, if the constituent data are
changed or ammended, the specific set of equations used

may be respecified with the result that the model's system
structure itself will change, in keeping with the model's
special merit of being able to respond to dynamic changes in

the real-world environment.
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Discussion

When asked to clarify the notion of '"arable land", Kaya replied that
it is not potential arable land, but rather cultivated land that is considered
in his model. The growth rates referred to are calculated for a five-year
period; they are overall growth rates and not the average annual growth rates.

Etienne advised that official FAO figures for fertilizer are not com-
parable among countries since they refer to different bases. Kaya agreed to
check these figures carefully.

Waelbroeck suggested that in a model of this size one should differentiate
more sharply between developing and developed countries. Not in all countries
will export function be equally dependent on domestic wages. Exports also
depend on prime rate commodity prices; for developing nations, the avail-
ability of foreign currency may be a strong determining factor. 1In reply,
Onishi erplained that they made great efforts to determine what function to
use.

As regards fertilizers, Etienne pointed out that it might be misleading
to use average national figures. In India, for instance, there are large
areas that do not use any fertilizers. If, however, the country was treated
as a whole, the increase in fertilizer in some parts would be attributed er-
roneously to the entire country.
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A CONCEPTUAL OVERVIEW OF AGRICULTURAL MODELS

Dorella H. Meadows

The Dartmouth System Dynamics Group is currently engaged

in a survey of models of agricultural development in indus-

trializing countries. The survey has three objectives:

1. To illustrate how complex models based on dissimilar

methodologies can be analyzed within a common format and
communicated so that a non-technical audience can compare

and evaluate them,

To summarize the insights these models can contribute to

a difficult current socio-economic problem.

To suggest how the process of modeling, the interaction
with policy makers, and the reporting of results might
be better structured to emphasize the inherent strengths
of computer models and to allow policy makers to make
informed choices among the many problem-solving methods

now available to them.
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The seven models currently included in our study, their
sponsors, countries of application, and modeling approaches,

are summarized in Table I.

Table 1
Agricultural Models Included in the Study

Model Name Sponsoring Modeling Region of Methods
or Author Institution Institution Application Employed
Philippines input-output,
BACHUE 11 1Lo 1Lo & others dynamic simu-
lation
Gupta IBRD IBRD Argentina econometrics
. . input-output,
KASM AID Michigan Korea linear pro-
State ;
gramming
dynamic simu-
lation
Egypt dynamic sim-
LTsM FRO FAO & others ulation
Picardi AID MIT Sahel system dynamics
Guatemala, dynamic simu-
TEMPO AID GE Turkey yna
lation
& others
hierarchical,
Thomas Ford, IBRD Harvard Bangladesh

linear pro-
gramming

We have assembled and reviewed the available documentation on
these models and in several cases directly interviewed the
project teams concerning unclear points or unfinished work.

Each model is being assessed according to a checklist as follows:
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Purpose: Who is the sponsor and what does he hope to gain
by having a model made? What is the modeler's purpose (if
different from that of the sponsor)? To what real-world
problems is the model addressed? What policies are to be
tested, or what information is to be generated?

Time horizon: Over what period of time does the modeler
attempt to describe the system's behavior? 1Is this period
consistent with the model's prupose?

Boundary diagram: What variables have been included in
the model? Which are affected by system behavior (endog-
enous) and which are independent of system behavior
(exogenous)? Are the reasons for variable inclusion/
exclusion made clear? Are the included variables consis-
tent with the purpose and time horizon?

Causal-correlative structure: What form does the network
of variable interaction take? How does each variable tie
into the system? Are relationships described in detail,
or are they presented in highly aggregated forms?

Method: What mathematical techniques have been used in
formalizing the system? Are relationships generally made
linear? Are analytic solutions sought? Are random
variables an important part of model behavior? Does the
model extrapolate the future from past data, or does it
attempt to find ways to guide the system toward a stated
norm? What is the inherent accuracy of the computation,
compared to the accuracy required by #1? What limitations
are imposed on the model behavior by the techniques used?

Data sources and handling: Are the sources of data made

clear? How have crude data been refined to meet the model's

data requirements? How have "soft" variables such as
attitudes been handled? What has been done where needed
data were not available?

Equations: Where are equations available? Are they
explained? 1Is it possible for the program to be imple-
mented on another computer system?

Validity/sensitivity: How has the functioning of the model
been tested? What criteria were used to judge model
validity? How does the model respond to changes in data
input? Is its behavior dependent on poorly substantiated
structure or parameters?

Conclusions and recommendations: What is concluded about
the system described by the model? What policies are
recommended?
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10. Implementation history: Have the modelers' efforts been
useful in formulating policy? Who, if anyone, has used
the model? What successes and what problems have been
encountered by people using the model?

11. Hardware requirements: What is the program's run-time?
How much storage space does it require? How much core
does it require? For what computer system was it designed?
What computer language is it written in?

12, Evaluation criteria: Does the modeler provide guidelines
for evaluating his work? Does he present it in such a
way as to help users improve the model as they use it?

13. Documentation grade: How well does the model documenta-
tion allow the above checkpoints to be assessed? 1Is the
writing clear, organized, informative?

14. References: Where can documentation be found? Which
published documents are most directly helpful in summar-
izing the important characteristics of the model?

In attempting to answer these guestions for all the models
in the study, we have encountered two significant difficul-
ties. The first is the problem of documentation. Although a
number of the models are described in several volumes, or as
many as 50 published papers, their documentation rarely
permits most of the questions on the checklist to be answered
without either hours of searching or a conversation with the
modeling team. The items least clearly documented tend to be
purpose, structure, validity/sensitivity, implementation
history, and evaluation criteria.

The second difficulty in such a model comparison is the
representation of basic assumptions, or structure, in a common
format that can allow rapid understanding of the content,
omissions, similarities, and differences of the models. We

have adopted three different ways of illustrating the



=-155-

structure of the models; verbal listing of major assumptions,
causal-loop diagramming, and comparison with a reference
structure. Each of these structural representation techni-
ques will be demonstrated here, using the agriculture sector
of WORLD3! as an example.

1. Verbal Listing of Major Assumptions

Persons who are not involved in the physical sciences or
in computer modeling are accustomed to communicating in words.
Thus a verbal summary of model structure is essential, if the
model is to be communicated to policy makers and the general
public. Such a summary is often very difficult to write; it
must capture all important explicit model assumptions, to allow
meaningful evaluation, discussion, and criticism. Unimportant
details should be omitted so that the focus is centered only
on those factors that actually determine the behavior of the
model and the conclusions drawn from it., Technical jargon
should be avoided.

Our attempt to summarize the basic structure of the WORLD3
agriculture sector resulted in the following list:

1. Food is produced from arable land and agricultural
inputs (fertilizer, seed, pesticides).

2, Food output increases when the arable land area, the land
fertility, or the amount of agricultural inputs are
increased.

3. There are decreasing marginal returns to the use of
agricultural inputs.

Ip.L. Meadows, et.al., The Dynamics of Growth in a Finite
World, Cambridge, Mass., Wright-Allen Press, 1974
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4, The amount of potentially arable land is finite, and
development costs per hectare (for clearing, roads,
irrigation dams) increase as the stock of potentially
arable land decreases; in other words, the best and most
accessible land is used first.

5. Newly developed land enters at the current average land
fertility.

6. Arable land erodes irreversibly on a time scale of
centuries when subject to intense cultivation, unless
countermeasures are taken.

7. The stock of arable land is decreased by urban-industrial
building activity, the rate of decrease depending on both
population and industrial growth,

8. Total investment in agriculture increases in the long run
with increasing industrial output per capita and in the
short run when forced to do so by food shortages.

9. Agricultural investment can be used to develop new land
or to increase the amount of agricultural inputs on
present land, Investment is allocated on the basis of
the relative marginal productivities of the options
measured in vegetable-equivalent kilograms per dollar-
year.

10, The capital-intensive use of land can lead to persistent
pollution of the land (high pesticide concentrations,
salinity, heavy-metal poisoning).

11. Land fertility decreases on a time scale of decades when
the level of persistent pollutants becomes high.

12, Land fertility regenerates itself over decades, and the
process can be speeded up by proper land maintenance.

13, Farmers tend to maintain soil fertility by the proper
use of capital except when pressured by extreme food
shortages.

14. Land yield is reduced by air pollution.

2, Causal-loop Diagram

A linear verbal list of assumptions may be easy for a
nontechnical audience to understand, but it fails to repre-

sent an important feature of many systems-analysis
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techniques: the assumptions are interlinked in a simultaneous,
dynamic, feedback arrangement of mutual interaction. There

is no simple way to communicate feedback structure to an
untrained audience; instead we have sought a technigue that
involves minimal necessary training. We find that causal dia-
gramming can be taught within less than one hour, and can be
used by people who are not professional modelers, both to
discuss existing models and to formulate new ones.

A causal diagram consists of words to represent important
model elements and arrows to indicate relationships between
the elements. For example, a very simple population model is
represented causally in Figure 1. The arrow from births per
year to population indicates that the first element causes
changes in the second. The arrow is positive (+4), indicating
that an increase in births per year causes an increase in pop-
ulation. Another positive arrow completes the feedback; as
population increases, births per year also increase, all else
equal. This closed chain of two positive relationships form
a positive feedback loop, represented by a + sign within
parenthesis in the middle of the loop. A negative feedback
loop links population, food per capita, and deaths. As popu-
lation increases (all else equal), food per capita decreases.
As food per capita decreases, deaths per year increase. As
deaths increase, population decreases. In this simple model
food production is considered exogenous, as indicated by the

double arrow V).
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Figure 1

Simple Causal-Loop Diagram
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Causal diagrams can illustrate at a glance the config-
urations of relationships that constitute the basic frame-
works of a series of models. Some agricultural models may
assume population is exogenous, some may include a feedback
from food to population, some may include a positive feedback
from population to labor force to food output back to popu-
lation., All these differences are easily represented in
causal-loop form. On the other hand, the quantitative nature
of each relationship is not pictured. In order to determine
whether the relationship represented by each arrow is strong
or weak, linear or nonlinear, instantaneous or delayed,
reference must be made to the model equations. The causal
diagram is only designed to sketch the gqualitative structure
of the model., It may and should lead to questions about

quantitative assumptions, and at that point the discussion

L
moves from structure to parameters.

The causal-loop diagram of the agriculture sector of
WORLD3 is shown in Figure 2. 1In this case the exogenous
factors are inputs from other sectors of the world model.
The two feedback loops outlined in heavy arrows are particularly
important in determining the behavior of the model. They are
negative loops that act to regulate food per capita by directing
investment to land development or to agricultural inputs (fertilizer,
pesticides, etc.), depending on the relative marginal productivities
of each option. Numerous minor loops in the model represent
contraints to agricultural output through land fertility, erosion,

pollution, diminishing returns, and the global limit of

potentially arable land.
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Figure 2
Causal-loop diagram, agriculture sector of WORLD3
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3. Comparison with a Reference Structure

The causal diagram may provide a simple representation of
what is contained in a model, but it does not indicate clearly
what is omitted, 1In order to compare the comprehensiveness
of models, we have evolved a third way of representing them,

By combining the causal diagrams of all the agricultural

models in our study, we produced a compendium of all the elements
and interrelationships that any modeler had thought important

to agricultural systems., Of course there was a great deal

of overlap; every model contained an agricultural production
function and a measure of agricultural output, for instance.

The areas of overlap indicated the most basic, obvious, and
important aspects of general agricultural systems, Figure 3
illustrates in causal-loop format the elements and relationships
that most often appeared in the models.

Implicit in the arrows of Figure 3 are a number of
extremely complex real-world phenomena, which are included in
the models in a variety of different mathematical forms, For
instance, all the arrows leading from investment to capital,
energy, and the other factors of production imply a set of
investment allocation decisions that could include optimization,
costs, marginal returns, profits, inventories, financing,
production delays, and many other considerations. The multiple
arrows from the factors of production to agricultural output
can be represented by a simple Cobb-Douglas production function,

by an input/output matrix, or by a set of ecological and
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Figure 3
Most basic elements and relationships in
agricultural models
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biclogical relationships. Similar complexities arise in the
allocation of output between comsumption and savings, in

the representation of the population's consumption habits,
and in the influence of food, income, and other factors on
the population growth rate.

If Figure 3 is redrawn to emphasize these recurring
relationships where social, economic, and physical factors
interact to influence human decisions, the diagram in Figure 4
emerges. This is not a causal-loop diagram of the format
used in previous figures in this paper. Instead it emphasizes
the decision functions in the system, by enclosing them in
boxes., Population size and material standard of living are
inputs to a set of socioeconomic factors,called a Consumption
Function, that determines effective demand. This demand,
together with agricultural output (supply), entersan Output
Allocation Function that determines how output is divided
between current consumption and investment, and also how
both consumption and investment are distributed over the population.
The actual consumption (material standard of living) and its
distribution, combined with demographic factors, influence
the population growth rate through a Population Increase Function.
Population determines the size of the labor force, which enters
the Production Function, along with all the non-human factors of
production.

Figure 4 represents the most basic elements of a strictly
agricultural model, but several of the models we investigated

did not restrict themselves to agriculture alone. They recognized



-164-

Figure 4

Basic elements redrawn to emphasize decision functions
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important interactions with the industrial sector, both in
competition for labor and resources, and in the improvements
of agricultural inputs and capital that come from a developed
industrial economy. A two-sector expansion of Figure 4 is
shown in Figure 5. A Labor Allocation Function has been

added to distribute labor between industry and agriculture,

an Industrial Production Function supplements the agricultural
one, and a Resource Availability Function represents the costs
of various factors of production.

We intend to use the structure represented in Figure 5
as a reference structure, to which the actual structures of
the models under study will be compared. We postulate that
the relationships and decision functions shown in Figure 5
actually exist in every real economic system. Thus any model
can be characterized by
1. which relationships and decision functions it includes and

omits, and
2. how it represents the basic decision functions .

Although the use of a reference structure is a test of
model comprehensiveness, we do not mean to imply that a more
comprehensive model is necessarily "better" than one that omits
part of the reference structure. Models are necessary in the
first place because the real world is too complex to understand
in all its detail. Models must be simplifications. Any model
that contained all the relationships in Figure 5 and represented
all the decision functions in complete detail would be incompre-
hensible, and useless, except as a black box (and if one must

use a black box, the real world will serve as well as a model).
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Figure 5

Reference Structure
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Since every model must omit and simplify, the omissions and
simplifications of each model must be judged in the light of
the model's purpose. A model intended for precise prediction
of a few closely-linked variables over a short time horizon
may focus on one decision function from Figure 5 in great detail,
while treating the rest of the system as exogenous. On the
other hand, a long-term model designed to explore qualitative
trends may include nearly everything in the system, but represent
none of it in detail.

WORLD3 was intended as a broad, shallow model, rather than
a narrow, deep one. Its purpose was to explore the basic, long-term
behavioral tendencies of the global population/economic system.
Therefore one would expect it to contain most of the reference
structure, and, as Figure 6 indicates, it does. The labor
sector was omitted, on the assumption that over the time horizon
of the model (1900-2100) labor would not be a limiting factor
in production. The treatment of the various decision functions
is indicated briefly in the boxes; a more complete outline follows:

Population Increase Function

population change = births-deaths (no migration)

births influenced by age structure, health, family planning,
compensation for infant mortality,
demographic transition (long term)
economic booms and recessions (short term)

deaths influenced by food per capita
health services per capita
pollution
crowding

(All relationships are nonlinear, most are delayed)
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Figure 6

Comparison of WORLD3 with reference structure
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Consumption Function

Desire for food,services, industrial goods determined by
industrial output per capita according to historic trend.
Industrialization causes shift in emphasis from food to industry
to services. All desires are saturable,

Output Allocation Function

Constant 43% to military and nondurable consumer goods

Allocation to food and services depends nonlinearly on gap between
desired and actual levels.

Residual is allocated to investment

No treatment of distribution equity---all goods assumed distributed
according to current worldwide patterns

Industrial Production Function

output = capital fraction of
capital-output * 1 - capital allocated
ratio to obtaining
resources

Capital-output ratio constant---no diminishing returns
Capital = integration of past investments and depreciation

Fraction of capital allocated to obtaining resources represents
higher costs with increasing depletion

Agricultural Production Function

output = land* land yield

land increased by development, decreased by erosion and urban-
industrial expansion

land yield determined by inherent soil fertility, pollution,
agricultural inputs (with diminishing returns)

Labor Allocation Function

omitted
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Investment Allocation Function

Capital and resources are only factors of production on industrial
side---resources for current operation are given priority
over capital expansion

Decision between current inputs and land development on agricultural
side determined by relative marginal productivities.

sufficient allocation to land maintenance, except under severe
food shortage

Resource Availability Function

Nonrenewable resources---undifferentiated pool, perfect substitution,
cost goes up nonlinearly as pool depleted

Land---limited stock of potentially arable land, cost of
development increases as stock depleted

Pollution absorption---maximum rate of natural pollution

absorption, pollution itself interferes with the absorption
mechanisms,

In applying these three structural representation techniques---

verbal listing of major assumptions, causal-loop diagramming,

and comparison with a reference structure---to our own model

and to others, we have concluded that each reveals something
important about the model, none is sufficient in itself, and

all three together provide a useful summary of a model's primary
assumptions, All three can be understood by a policy-maker with
no special technical training. We believe that a major advantage
of computer models over mental models is that they are precise
and explicit and accessible for evaluation and criticism. In
order for that advantage to be realized and for decision-makers
to be able to select the most useful models for their purposes,
the models must be expressed in terms they can understand. It

is up to us, the modelers, to make our models understandable,.
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Discussion

Cole stressed the importance of the Meadows paper, adding that one
should not only assess a particular "decision maker", but also analyze how
the information is being used and try tc understand how it is being assimi-
lated in the socio-political process. There is a vociferous debate taking
place as to what extent political considerations are compatible with scien-—
tific method.

It is important to understand the relationship between the scientific
method involved and the political considerations. Part of the study should
therefore be devoted to an assessment of how this relationship can be improved.

Spharim stressed the importance of including,in an investment function,
the resources allocated to agricultural research. In the future, this may
prove to be of much greater relevance than many other factors. Parikh,
following the line of reasoning of Cole, stressed that, when trying to im—
plement his findings, the modeler often conflicts with vested interests. It
is an open question as to what extent the modeler himself should indulge in
lobbying, organizing, advertising, and stimulating public opinion.

In reply to several questions, Meadows repeated that a model should not
be considered a better model simply because it covers more aspects than
another model., The decisive criterion should be to what extent a model in-
cludes all that is needed to address its purpose-—-that is, the phenomenon
under investigation. Waelbroeck opined that, in addition to clarifying his
thoughts to the policy maker, the model builder should in the future try to
take into account more closely the actual decision variables. Kulikowski
stressed the need for the modeler to bear in mind who the decision maker is.
Situations may appear differently vis—a-vis different decision makers.
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Sensitivity analysis of the Food Model

(Latin American World Model)

Gilberto C. Gallopin

INTRODUCTION

The parameters of global models are affected by errors that are often
very difficult or even impossible to estimate. The conclusions and numeri-
cal value of the outputs are generally dependent upon the values of the
parameters. It is therefore important to ensure that the output of the model
does not change drastically with relatively small variations of the param~
eters; that is, that the model is stable with respect to parameter variatiom.

A dynamic model can be characterized by the relation
Y(taQ) = A[X(trq)] (1)

where X is an input vector, Y is an output vector, and A is an operator, q is
the initial state and parameter vector, and t is time. The system (1) will
be considered here as stable if

F(t,Aq) = || Y(t,q + Aq) - Y(t,q) ||[<E for ||Aq ||< & . (2

In general for complex, non-linear, dynamic models, the effect of a
variation in the values of the parameters will be time-dependent--that is, a
given variation will imply a different F at different instances of time. The
stability of the output vis-a-vis small variations of the parameters, that is,
the preservation of the qualitative picture of the trajectories Y(t), is called
structural stability [1]. An indication of the structural stability of the
system for Zndividual variations of the parameters can be represented by

F(t,q,Api
Fl,g,0p0) | 4o

Api

where q is the initial state and parameter vector, and pi is an individual
parameter not in q. Thus

F(t,q,8pi) = || Y(t,q,pi + Api) - Y(t,q,pi) ||
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If equation (3) has a limiting value as Api approaches zero, we get

Lim F(t,q,Api) _ dF(t,q,pi) _
Apiro

S(t,q,pi) , (4
Api d pi

which is essentially the same as Tomovic's dynamic sensitivity coeffi-
ctent [1].

If the system is in a steady state, then
F(t,q,Api) = F(q,Api) and S(t,q,pi) = S(q,pi) - (5)

which is the static sensitivity coefficient.

The dynamic sensitivity coefficient generally will depend on the origi-
nal value of the parameter under consideration (pi), and also on the time
and on the values of the other parameters of the system (q). Given that the
parameters are usually defined in different units, for the purposes of com-
paring the sensitivity of the system to different individual parameter
variables, we will define a relative sensitivity coefficient in the
following way:

[Y(t’q’Pi"'APi) - Y(t,q’Pi)]/Y(t,Q;Pi) = ASR
Api/pi

> (3

where SR is the relative sensitivity of the output to parameter pi,
measured in terms of the percent change in the output divided by the per-—
cent change in the parameter. In the limit, ASR = SR(t,q,pi). The
sensitivity measures defined above indicate the effect of small perturba-
tions in the values of the individual parameters the output which is of
the system, The numerical values of the coefficients indicate the param-
eter that is important in terms of output modification, when varying one
parameter at a time. Besides, if the output is relatively insensitive to
a particular parameter variation, the exact value of the parameter is not
worth determining.

When considering the simultaneous variation of the parameters, the
problem changes. In general, the effect of the simultaneous perturbation
of the parameters on the output will not be a linear combination of the
effects of the individual perturbations. Also, a model insensitive to the
perturbation of all parameters, perturbed one at a time, may be very sensi-
tive to a joint combination of perturbations in the parameters. For simu-
lation models, even with small numbers of parameters, calculating the
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effects of different combinations of perturbations becomes an unmanage-
able problem, considering the number of combinations and the fact that
each evaluation of the output is a complete run of the model. We there—
fore decided to use the method described by Skolnik and Talavera (2] for
maximizing the output perturbation F(Aq) at a given time, subject to
restrictions in the perturbation in the parameters. (This is essentially
a non-linear programming method, derivative free.)

Using this computational method, we are able to identify that combina-
tion of parameter perturbations which produces the maximum perturbation
in the output, in the neighborhood of the the initial state and parameter
vector. If such an output perturbation does not change the results
qualitatively, the model can be considered insensitive to parameter varia-
tion and the conclusions are robust. If the opposite is the case, it can
be concluded that the model is unstable for at least one combination of
parameter perturbations.

THE MODEL

The sensitivity analysis was performed upon the food model of the
Latin American World Model. (The Sensitivity analysis of the World Model
is not feasible, because of the enormous computer time required.) The
food model was run separately from the World Model; for the economic input
for each year, we used the same sequence of inputs allocated to the food
sector in the run of the World Model. This does not imply that the food
model with its parameters perturbed would have received exactly the same
sequence of inputs from the Whole Model. The latter optimizes for every
year the allocation of economic resources to food according to the current
state of the economy and to the level of satisfaction of basic needs.

The output criterion used is PERS, the number of persons that could
be fed at the assumed per capita level of consumption. The procedure was
to obtain the combination of parameter and initial value perturbations
which maximize the difference between PERS in the perturbed rum and PERS in
the standard run for the year 2009, that is, thirty years after the begin-
ning of the run.

The sensitivity was performed for the four blocks of the food model:
Developed Countries, Latin America, Africa, and Asia. For the four blocks,
the model differs only in the values of the parameters and initial values;
this implies that the analysis was performed around four different param-
eter combinations.

The parameters studied are as follows:

COSTF = unit cost of fertilizer, soil erosion and fertility control,
and other agricultural inputs ($/103 tons);

PA1 = agricultural losses in developing countries, final (dimension-
less);

PA = agricultural losses, initial (dimensionless);
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PG = terrestrial animal production losses in developing countries,
final (dimensionless);

PGo = terrestrial animal production losses, initial (dimensionless);

PP = losses in fishery (dimensionless);

KAC = fraction of arable land allocated to growing major food crops
(dimensionless);

REMAX = maximum agricultural yield (106 Kcal/ha);

KGK = unit cost of animal production increase ($/Kcal);

TPAS = animal production from potential grazing lands (100 Kcal);

KPK = unit cost of fishery production increase ($/Kcal);

EFIG = efficiency of conversion to animal edible carcass (dimension-
less);

PESMAX = maximal annual fishery production (Kcal);

CAPE = annual caloric consumption per capita (Kcal/persons/year);

TC0 = arable land, initial (103 ha);

FEP0 = fertilizer production, initial (103 tons)

GANAKo = animal production, initial (Kcal);

PESKo = fishery production, initial (Kcal);

TPCU0 = potentially arable land, initial (103 ha);

URBT = urbanization rate, total (ha/year). Here, it was introduced

as a constant value.
The output criterion is:

PERS = number of persons that could be fed at the assumed CAPE
in the year 2009 (106 persons/year)

RESULTS

The values of the parameters and the initial state of these variables
whose effects were studied appear in Table 1 for the four blocks of the
model. Two kinds of analysis were performed: sensitivity to individual
parameter variation, and sensitivity to joint parameter variation.
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Table 1. Standard values of the parameters and initial state of the
variables in 1980, and the value of the output (PERS in 2009)
in the standard run.

Parameter Developed Latin Africa Asia
Countries America

COSTF .7692 E6 .7692 Eb6 .7692 E6 .7692 Eb6
PA1 - .10 .10 .10

PAO .10 .30 .30 .30

PG1 - .10 .10 .10

PGO .10 .30 .30 .30

PP .17 .17 .17 .17

KAC .526 .529 L434 . 940
REMAX .10 .10 .10 .15

KGK .150 E-3 .117 E-3 .126 E-3 .151 E-3
TPAS .1548 E14 .4926 E13 .5765 E13 .6892 E13
KPK .300 E-4 .550 E-4 .662 E-4 .4348 E-3
PESMAX .7598 El4 .1546 El4 .7170 E13 .3041 El4
CAPE .1095 E7 .1095 E7 .1095 E7 .1095 E7
EFIG .21 .21 .21 .21

TC0 .6465 E6 .1214 E6 .2882 Eb6 4762 E6
FEPo .1333 E6 .1038 E5 .5205 E4 .2890 E5
GANAKO .4025 E15 .4151 El14 .1788 E14 .9167 E14
PESKo .3294 E14 .1549 E14 .3955 E13 .1720 El4
TPCUo .1092 E7 .7358 Eb6 .7320 E6 .6230 E6
URBT 0 0 0 0

PERS 2009 .3743 El10 .7068 E9 .1104 El10 .5496 E10

Individual Parameter Variation

The individual parameters studied are as follows: COSTF, PAl’ PAo’

PGl’ KAC, REMAX, TC, TPCU and CAPE. The model was run with one parameter

perturbed in +5%, +10%, —5% and —10% of the standard value for each of the
blocks of the model. The results are given in Table 2.

As can be seen from the table, the effect of a given percent increase
is not always the same as the effect of an equivalent decrease, owing
to the non-linearities of the model. The effect on the output appears to
decrease or to increase monotonously with the magnitude of the disturbance
in the parameters. The computational procedure of Skolnik and Talavera
[2] was used for studying the individual variables in order to determine
whether an intermediate value of the parameters would have a stronger
effect than do the values explored in Table 2. For all cases no intermediate
value with a stronger effect was detected.
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The data in Table 2 also show that for CAPE, if the parameters are
varied one at a time within the range of + 10%, the maximum variation in the
output is +11% in all blocks, and the variation increases monotonously

Table 2, Effects of individual parameter
variation on PERS in the year 2009.

Developed Latin
Para- Var. Countries America Africa Asia
meter % Effect] Var/ Effect | Var/ Effect [ Var/ Effect | Var/
(in Z)** eff.**% (in %) eff. (in %) eff. (in %) eff.
10 0.2 —0.02 —0.7 —0.07 -1.1 —0.11 —2.7 —0.27
COSTF 5 —0.1 —0.02 —0.4 —0.07 —0.5 —0.11 -1.4 —0.28
-5 +0.1 +0.02 | +0.4 +0.08 | +0.5 +0.11 +1.5 +0.29
-10 +0.2 +0.02 +0.8 +0.08 | +1.1 +0.11 +2.7 +0.27
10 ~9.1 —0.95 [-9.1 —0.95 | 9.1 —0.95 —9.1 —0.95
CAPE 5 —4.8 —0.91 —4.8 —0.91 | 4.8 —0.91 —4.8 —0.91
-5 +5.3 +1.05 +5.3 +1.05 +5.3 +1.05 +5.3 +1.05
—-10 +11.1 +1.11 pl11.1 +1.11 (+11.1 +1.11 +11.1 +1.11
10 - - -1.0 —0.10 -1.1 —0.11 -1.1 —0.11
PA 5 - - —0.5 —0.10 —0.5 —0.11 —0.5 —0.11
1 =5 - - +0.5 +0.10 | +40.5 +0.10 +0.5 +0.11
-10 - - +1.0 +0.10 +1.1 +0.11 +1.1 +0.11
10 -1.0 —0.10 0 o] 0 0 0 o]
PA 5 0.5 —0.10 0 o] o] 0 0 0
[+] -5 +0.5 +0.10 0 0 0 o] 0 0
-10 +1.0 +0.10 o] 0 0 o] o] o]
10 - - —0.1 —0.01 o] 0 —0.02 —0.002
PG 5 - - —0.03 —0.01 o] 0 0 0
1 =5 - - +0.03 +0.01 0 o] 0 o]
-10 - - +0.1 +0.01 0 0 +0.02 +0.002
10 +9.0 +0.90 +9.4 +0.94 | +9.9 +0.99 +9.8 +0.98
KAC 5 +4.5 +0.90 +4.7 +0.94 | +5.0 +1.00 +4.9 +0.98
-5 —4.5 —0.91 —4.7 —0.93 | -5.0 —0.98 —4.9 —0.98
-10 9.1 —0.91 ~9.4 —0.94 | 9.9 —0.98 -9.8 —0.98
10 +6.4 +0.64 +6.5 +0.65 | +6.8 +0.68 0 0
REMAX 5 +3.3 +0.66 +3.3 +0.67 +3.5 +0.71 o] 0
=5 -3.5 —0.70 -3.5 —0.70 =3.7 —0.74 —-1.0 —0.20
-10 -7.3 —0.73 7.2 —0.72 | =7.6 —0.76 -3.3 —0.33
10 +6.1 +0.61 +6.6 +0.66 +8.2 +0.82 +6.4 +0.64
TCO 5 +3.1 +0.61 +3.3 +0.66 +4.2 +0.83 +3.3 +0.65
-5 =3.1 —0.63 3.3 —0.66 —4.1 —0.82 3.3 —0.67
-10 —-6.3 —0.63 —-6.6 —0.66 | —8.2 —0.82 —7.0 —0.70
10 +0.3 +0.03 0 o] 0 o] o] 0
5 +0.2 +0.08 o] o] o] o] o] 0
TPCUO -5 —0.3 —0.06 o] 0 o] 0 0 o]
-10 —0.8 —0.08 o] 0 o] 0 0 0

Var. percent is percent variation in the parameter;

*k
effect percent is percent difference in PERS 2009 with respect to original
value;

Ak
Var/effect is the relative sensitivity coefficient.
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with the perturbation. It can be concluded that the model is stable with
respect to individual variations of the parameters in the neighborhood of
the standard values.

The parameters are ranked in Table 3 according to the maximum effect
their perturbation produced on the output for the four blocks. The sensi-
tivities were calculated for one instant of time, namely, the year 2009,
and they need not be (indeed they probably are not) similar to the sensi-—
tivities calculated with reference to other years. For instance, the
model's sensitivity to changes in the initial value of TPCU0 will be very

high once land becomes a limiting factor (which could be the case after
the year 2009). The interval of 30 years from 1980 to 2009 seems a rea-
sonable horizon for medium-term analysis. Nevertheless, the discussion
about the factors should take into consideration the above caution.

Table 3. Order of importance of the parameters for
output modification and their maximum relative
sensitivity (RS).

Developed Latin . s
Rank Countries America Africa Asia
Parameter RS Parameter RS Parameter RS Parameter RS
1 CAPE 1.11 CAPE 1.11 CAPE 1.11 CAPE 1.11
2 KAC 0.91 KAC 0.94 KAC 0.99 KAC 0.98
3 REMAX 0.73 REMAX 0.72 TC° 0.82 TC° Q.70
4 TC° 0.63 Tco 0.66 REMAX | 0.76 REMAX 0.33
5 PA 0.10 PAl 0.10 COSTF 0.11 COSTF 0.29
o
PAl
6 TPCU° 0.08 COSTF 0.08 PAO,PG1 0 PAI 0.11
TPCU
[
7 COSTF | 0.02 PGl 0.01 PG1 0.002
8 PAo, 0 TPCUO. 0
TPCUo PA
J o
L
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The most important single parameter in the model for all blocks is
CAPE. While this is clearly not a controllable factor, it shows that a
good estimate of caloric requirement is important for the model. The
second important factor for all blocks is KAC. With the exception of
Asia, all blocks use only about one half of their arable land for pro-
ducing major food crops, and this parameter is not varied in the model.
An immediate mechanism for increasing food production is therefore to
increase the KAC. This should be particularly feasible in Africa.

The next factors in order of importance are TCO, and REMAX. Here,
a difference among blocks is evident: REMAX is more important than TCo

for the developed countries and for Latin America, while the inverse is
true for Africa and Asia. The relative sensitivity with respect to REMAX
is about the same for the Developed Countries, Latin America, and Africa
(0.73, 0.72, and 0.76, respectively). In the run, the maximal yield is
reached at the beginning (i.e., the year 1980) in the Developed Countries,
in 1991 in Latin America, and in 2002 in Africa. These three blocks,
therefore, reach maximal yield before the end of the run; it is natural
then that REMAX affects the output in the year 2009. Asia does not reach

maximal yield (here 15 -« 106 Kcal/ha) during the run. Thus the output for
Asia 1is not sensitive to an increase in REMAX (see Table 2) but rather to

a decrease in REMAX because in the year 2009 the yield in Asia is expected
to be 987 of REMAX.

In Developed Countries and in Latin America, TCo is less important

than REMAX probably because both blocks reach REMAX early in the run and
thereafter increase the amount of cultivated land (207 in Developed
Countries and 25% in Latin America); the internal optimization procedure
apparently compensates for the changes in the initial amount of cultivated
land. Africa reaches the maximal yield very late, and Asia does not

reach it at all during the interval of the run. It therefore seems very
reasonable to assume that the effects of TCo are more important than those

of REMAX.

The effects of agricultural losses (PA0 or PAl) are about the same

for all blocks, affecting directly the final output, and producing a +107%
change in the loss coefficient which in turn produces a +1% change in the
remaining fraction (1-PA). The initial value of the losses in developing
countries, PAo’ does not affect the output in the year 2009, because these
losses diminish in about twenty years, to their final value of PAl'
COSTF affects the output through a complicated chain: it affects the
increment in fertilizer production, which in turn affects the amount of
fertilizer available every year and the amount of fertilizer applied per
hectare and, through it, the current yield in a non-linear fashion. Besides,
the internal optimization for allocation of economic resources to agricul-
tural inputs and land colonization is affected. Therefore, the effects of
a change in fertilizer costs depend on whether maximal yield has been
attained, the rate of land colonization, etc; the effect of that parameter
is very slight in all blocks. In the time horizonm considered, the strongest
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effect may be observed in Asia, which, to reach the higher yield of 15 -
6

10" Kcal/ha, requires about three times the amount of fertilizer per hect-
are in the other blocks.

PG1 have a very low impact on the output, probably due to the relative

numerical unimportance of animal food when compared with the agricultural
production.

Finally, the importance of the initial value of TPCUo is slight in the

Developed Countries, and has no effect on the output at the year 2009 in the
other blocks. This is probably due to the fact that in the run Asia does

not increase the cultivated land, and Africa only increases it by 6Z. 1In

the model, the effect of TPCU may be seen in the change in unit costs of

land colonization. Latin America colonizes land, but the cultivated land

at the end of the run is only about 217 of the potentially arable land and
therefore the effect upon the colonization costs is very small. In Developed
Countries, however, about 727 of the potentially arable land is cultivated

at the end of the run, and land scarcity starts to affect the costs of
colonization.

Joint Parameter Variation

When many parameters are perturbed simultaneously, a sensitivity coef-
ficient can be calculated. But it is better to present the results in terms
of the vector of parameter perturbations, with the values of the particular
perturbation in each parameter and the resulting output perturbation.

An optimization was used to identify the combination of parameter
perturbations, within given limits, which produces the "worst" perturba-
tion in the output. The analysis was performed for the four blocks,
allowing a perturbation with +57 and +10% of the original values of the
parameters. The results appear in Table 4. The maximum perturbation in
the output for the "worst" combination of perturbations within the range of
+107% in the parameters is 35.67 in Asia. Considering that individual
parameter variation can produce an effect as high as 11.1%, the global effect
is not very high. Comparing the values of the effect for the +57 and the
+10% allowed variation in the parameters, in the latter case, the effect is
from 1.48 to 2.69 times the effect with +57 for different blocks. Figure
1 shows the time behavior of the absolute value of the difference between
the outputs of the standard run and the perturbed run, for the four blocks.
Note the differences in the scale between Developed Countries and the other
three blocks. After a period of rapid increase, the difference tends to
reach a constant value. Therefore according to equation (2), the model
can be considered quasi stable for the time horizor considered, with no
qualitative change in its behavior for the "worst' perturbations considered.
Moreover, were the food model connected to the World Model, those pertur-
bations would very likely be counteracted by the optimization mechanisms,
by allocation of economic resources.
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Table 4. Effects of joint parameter perturbation.

Developed
Countries Latin America Africa Asia
Parameter VA* VA VA VA
—]
+57 *10z +51 *107 57 +107 57 +107
COSTF —=5.0 -10.0 -5.0 -10.0 -5.0 —10.0 -5.0 -10.0
PA1 - - -1.2 +10.0 —4.9 +10.0 -2.1 -10.0
PA0 0 +10.0 0 0 +1.0 0 +1.0 0
PG1 - - -1.2 +10.0 —4.8 +10.0 2.1 -10.0
PGo 0 +10.0 0 [} +1.0 0 +1.0 0
PP 0 +9.4 -1.9 +5.9 —4.7 +5.9 2.2 -5.9
KAC +1.9 9.9 +1.9 ~7.6 +4.9 —9.2 +4.5 +9.6
REMAX +0.1 -10.0 +0.1 -10.0 +4.9 -10.0 +1.0 +5.0
KGK 0 0 0 0 +1.0 0 +1.0 0
TPAS 0 0 0 0 +1.0 0 +1.0 o]
KPK 0 (o] [\] [}] +1.0 V] +1.0 0
EFIG (o] (o] (V] [\] +1.0 0 +1.0 (o]
PESMAX 4] (o] o] o) +1.0 o] +1.0 0
CAPE =5.0 9.9 -5.0 +10.0 =5.0 +10.0 -5.0 -10.0
TC° +5.0 -10.0 +5.0 -10.0 +5.0 -10.0 +5.0 +10.0
FEPO +5.0 -10.0 +4.9 -10.0 +5.0 -10.0 +5.0 +10.0
GANAKO 0 —10.0 (o] —10.0 +1.0 -10.0 +1.0 +10.0
PESKo (4] —l10.0 0 —-10.0 +1.0 -10.0 +1.0 +10.0
TPCUO +4.9 -10.0 +5.0 -10.0 +5.0 ~10.0 +1.0
URBT** +0.01 +0.05 +0.02 +0.03 +0,003 +0.04 0 0
LAJPERS +11.3 —30.4 tji}.s ~28.0 Lﬁ+20.4 —30.2 L115.7 +35.6

*
VA is variation allowed in the parameter values.

Rk
For URBT, the changes indicates the difference between the original (0) value,
and the perturbed value.
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DEVELOPED COUNTRIES 5%

2 4 6 8 10 12 14 16 18 20 22 24 26 2829

10%

LATIN AMERICA 5%

/

10%

__—

AFRICA 5%

10%

ASIA 5%

10%

ORDINATE: Ditference between perturbed and standard values of PERS.
with the difference at time 0 considered as unity.

Figure 1.
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In conclusion, the robustness of the results of the food model against
changes in the values of the parameters as high as +107 has been demon-—
strated for the year 2009. For this year, the relative importance of in-—
dividual parameters has been analyzed. The manipulation of the situations
represented by the values of the parameters is a possible means for opti-
mizing the food output in each block.
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Discussion

Norse stated that in general a great danger for a modeler is that he
may obtain a pile of data from FAO, insert them into a program, arrive at
some nice correlation coefficient, and derive immediate conclusions there-
from. In particular, he questioned the fertilizer response for Latin America.
Niaz added that it is surprising that no other input except fertilizers should
have shown positive correlation with the output of food crops; water con—
straints could play a major role. Weber stressed that the Bariloche model
exhibits diminishing returns in applying fertilizers, whereas MOIRA shows
a linear dependence. In his opinion, the available data could not prove
either of the two points. Gallopin replied that only a portion of all
fertilizers is applied to food crops. The Bariloche model may be too pessi-
mistic in the sense that it assumes that the fertilizer is distributed evenly
over all crops; this may result in an underestimation of food crops as a
function of the application of fertilizers. However, by assuming this, we
are on the safe side.

Bernadini asked why no restrictions deriving from unequal income dis-—
tributions have been introduced. Gallopin replied that, in their scenario,
a sufficiently high income redistribution is assumed. In fact, they made a
control run, maintaining the present income distribution; the results of
this run showed that, even under the most favorable economic conditions,

a substantial portion of the population would never be able to reach the
defined satisfaction of their basic needs. What they regard as "tertilizer"
is merely an indicator of different kinds of inputs to agriculture.

Niaz asked whether this meant that when fertilizer consumption increases,
all other inputs would automatically increase proportionally. Gallopin
agrees that, to a certain extent, fertilizers can be a proxy for all materials
going into agriculture. As to diminishing returns, he believed that there
are good theoretical reasons to consider them with respect to fertilizers
applied to land; but perhaps not for fertilizers applied to the plant.

Etienne pointed out that this proportionality between fertilizer and
other inputs may not always be valid. 1In a number of Asian countries, the
use of pesticides is increasing much more slowly than the use of fertilizers.
Furthermore, the mix of fertilizers has to be considered. When discussing
the investment capacities of the farmer, one should also consider the con-
cept of minimum economic holding--that is, the holding that the farmer has
at the end of a year that enables him to have some cash income for further
development. As to physical constraints versus socio-political constraints,
Etienne stressed the need to consider both; it is impossible to blame every-
thing on socio-political constraints. In many Middle East countries, and
in large parts of Africa, there also exist serious physical constraints.

Brioschi and Weber questioned whether the share of agricultural pro-
ducts fed to animals is sufficiently depicted in the model. Keyzer gener-
alized that there is always a problem where cross-section functions, that
have been estimated on a country level, are used on a regional level, in
particular where they are nonlinear functions. Gallopin replied that these
functions have been estimated over three points in time: for the period
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1948 to 1952, for the year 1965, and for the year 1970. Thus it is not

a strict cross—section analysis; on the contrary, these estimations suffice
to arrive at an estimation of the development over time within particular
countries. In reply to Etienne's remark about pesticides, Gallopin stated
that this would fall under their model assumption that administrational and
socio—political aspects are not constraints; this also applies to the in-
fluence of physical limits, While physical constraints may be a problem on
a local level, on a regional basis they are assumed to be sufficiently
balanced by improved management.

Niaz added that in many countries, such as Pakistan, it has been recog-
nized that land is not a limiting factor; the real limiting factor is water.
Gallogin replied that much depends on the level of aggregation considered.
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L
The Problems of Food Production in Certain Asian Countries

P.C. Roberts and D. Norse

Data inputs eg on land and water resources, and
certain funztions, such as that for the diminishing marginal response to
production inputs, derived for our World Model have teen used to build di-crete
sub-models of food production in India, Bangladesh and Pakistan., The main
nutritional deficiency is ccnsidered to be food energy, and our models
therefore examine food production and ccnsumption in energy terms. These

sub-models explore three relationships:

(i) food output and the costs of production
(ii) the fraction of the GDP which goes on food production for
domestic consumption, and the mean food energy intake,

(434) the level of food energy intake and mortality.

In turn, these relationships are exposed to changes in cer*tain exogenous

inputs to the svstem, namely in:

(a) the rate of population increase
(b) the real price of production inputs
(c¢) the growth rate of the economy (GDP)

+ . . .
The views expressed in this paper are those of the authors

and do not necessarily coincide with thogse of the Department
of the Environment.

C British Crown Copyright 1975.
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Relationship (i) Land and water resources have been assigned to the

appropriate agro-climatic zones, the latter veing defined by the level and
duration of temperature and rain fall, Irrigated and non-irrigated land generall:
have different precductivities and the-efore they are considered separately.

Land and water development costs are primarily based on an analysis of
agricultural development projects assessed and/or financed by the World Bank

and other agencies, Appropriate costs are ascribed to di“ferent forms of
irrigation, and allowznce is made for the rise iii costs as grea‘er physical
constraints to development aré encountered, and also for agricultural and

gocial infrastructure costs in areas not previously settled.

Estimates of the upper asymptote to production,
together with input-output data from numerous development projects, have been
used to produce curves in Fig 1 for the diminishing marginal response to the
package of inputs commonly used for food production, These inpu*s are l-rcely
seed and labour at low output levels, but include fertiligzer, pesticides, and
machinery at higher production levals, The curves implicitly take into account

variation in soil type, cropping pattern and local climnte.

The curves in Fiz 1 hove been used in ccnjunction
with the data on resource stocks and developm:n* costs to derive an ontinnl
agricultural d=velorment s*ratesy for each cf the three countries, =Zach land
resource stock has a 'real' or if undeveloped, a notional diminishine mercinal
return curve, A computer programme is used, which splits the incremental
food energy requirements in any given period into ten equal parts, and scans
all the curves to determine the cheapest source of each tenth. Thus optimisa-
tion involves choosing at each time step the trancheof land whose productivity
can be raised at the lowest wost per unit of food energy output, production

being assumed to continue at the current level on all other cultivated 1land,
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Yhen the productivity of this t-anche has fallen to that of the next most

favouratle tranche, which may lie in the same or in a different agro-climatic

zone, output is then incressed in both tranches, and the remaining tranches

of cultivated or cultiveble land follow in the same way; thersafter all

land is in continuous ‘'develovment', but not necessarily at the same rate.

The optimal develowment path thus derived for each country depends on the

maintensnce of current relative prices of imputs; if anyone input (eq fertilizer)
rose in price relative to another, the pattern of development would change.

This may be expected to happen, but these simple sub-models lack a relative

price change mechanism (however see later comments on the World Model).

Little undeveloped land rerains in these 3 countries
to be brou~rht into the cultivation cycle, and the develo-ment alcorithm
shows that substantial incrcases in food production can only be achieved
by the increased use of fertilizers and irrigation. Since many of the production
inputs depend on depleting natural resources eg fossil fuels for nitrogen
fertilizer vroduction, and the pumping o irriration water, the real price
0" these inputs is certain to increase., It is not possible tc forecast the
average rate of change in input prices and ther~fores the effect of increanses

of 0, 2 and 5¢°/yr ere =xzmined.

Relationshiv (ii) Fig 2. Illustrates an apparent relationship between the

average energ intake in a country and the proportion of that country's GDP
which is devoted to the production of food for domestic consumption., The right
hand curve relates to the proportion of the GDP devoted to food prudction

and includes some processing and marketing costs, while the left hand curve
relates to the GDP fraction devoted to food production at farm gate costs,

where the latter exclude management and investment income, Fig 2 svggests that
the average calorie consumption decreases progressively as a gr-ater and greater
proportion of the GDP has to be allocated to food production, The average
intake becomes inadequate when a country is devoting a half or more of its

GDP to food production, such that only a small proportion is available for the

production of agricnl*urel snd/or industrial roods for export.
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Relationchip {iii) This is drawn between mortality rates, the meah
calorie intake and the distribution about this mean, The values of the average

calorie iniake presented in Fig 2 are not a satisfactory indicator of nutritional

standards, because unecven distribution of income, associated with hirsh in-and
under-employment may result in a large proportion of the population receiving
calorie in*akes consdderably less than the (national) average. Fig 3 illustrates
the uneven calorie consumption across a sample population in Pakistan,

together with results from surveys in Tunisia and Brazil, For these three

countries the standarddeviation ranges from 164-588 kcal,./capita/day ie + 8, 15
and 2 A% of the mean respectively. Given that these values for the standard
deviation have been calculated from household survey data, they will under-

estimate the extremes of distribution among all individuals of a population.

Although some countries may have a skewed distribution
of calorie intake, examination of a range of surveys has shown that at the
country or regional level, it is reasonable to assume a normal distribution.
Survey result have been plotted, on probability paper to gi.e Fig 4, in which
the standard deviation of all of the surveys ie 380 kcal/capita/day is given
by the slope of the line. Fig 4 has been used to produce the family of curves
in Fig 5, which indicate for a given mean calorie intake, the proportion of
the population whose intake lies below a stipulated level. These curves
form part of the algorithm which determines the proportinn of the population

who are malnourished,

Starvation will occur after & period in which the calorit
intake is less than that required to support the basic metabolism under
conditions of resting and fasting, or is insufficient to provide maintenance
energy if slightly higherlevels of physical activity are considered. The FAO
suggest average calorie requirements of ¢,1100-1200 and c¢.1700 kcal./capita/day
respectively for these two levels of activity in South Asian countries. The
survival of a community over a long period of time will require a mean calorie
intake cxceeding the maintenznce }evel, since food production and preparation
are predominantly labour intensive tasks in these regions. However famine
commonly occurs as a result of crop failure, and thervefore there is little
manual work to be done, so that calorie intakes close %o the maintenunce level

may be adequate for survival in the short term,

Various village and rogional survys indlicate that communities

can survive for long periods at average catorie iniake levels much below the
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minimum of 1,700 proposed by the FAO, In the Indian state of Tamil Nadu, average
calorie intake was only c,1,500 kcal/capita/dav over the decade 1960/69, but the
crude death rate of 19 per 1000 was similar to that of states with ave-age
intakes of 2,000-2,300 kcal, Similarly it has been shown that an active

healthy communitv in Ethiopia had an aversge consumption of cnly ¢ 1550 kcal/day,
& value some 785 kcal leas than the average requirement proposed by the FAO/WHO.
Surveys of calorie in'akes in villages in two Indian states during severe drought
periods in the 1960s showed that the average in ake in some villages fell to
1,450 and 580 kcal/capita/day, and although malnutrition was evident, no

deaths from starvation was recorded. Estimates have been made of mortality rates
in towns in the drought zone of Kthopia in 1973, and extrapolation from these
figures, suggests that a fall in the average daily intake of the poorest groups
to below 1,000 kcal was accompanied by a rise in death rate from 25 to between
44 and 6% per 1,000. Some of this field evidence has been used in Fig 6 to

plot crude death rate against average calorie intake, and it clearly shows that
although comrunities may survive at intake lovels below the minimum suggested

by the FAO/WHO, crude death rate does rise with decreasing energy intake,

The field evidence indicates that people can survive
on intakes below the value for the basic metabolic requirement suggested by the
FAO/WBO, but it is not possible to define the average critical intake level,
below which death occurs, and therefore to comulete the calorie intake - mortality
relationship we have taken alternative estimates of 400 and 800 kcal/capita/day
as the minimum rates conzistent with survival. Thus assuming a normal
distribution, and to be consistent withthe limited field evidence on starvation,
we set the standard deviation for these critical levels at 300 and 100
respectively. This relationship is superimpoced on Fig 6, It is also plotted
in Fig 7 to give the propo tion of the population whose calorie intake falls
below the survival level, and in this "orm enters the alrorithm for determining
mortality levels, In these simple models no allowance is made for the reduction
in population from deaths by starvation, nor for the proportionately greater
mortality which would occur amongst yound children, Meed Uack loops of this

type are however considered in the main model.

Scenario Nevelopment A variety of scenarios have been considered., One of

them assumes that aid to foodproduction and domestic investment in agriculture
is maintained at about the level in recent years, and income distribution
does not change from the present pattern, The iterative procedurve used to

develop this scenario is summarised in ¥ig 8 and given in more detail below,
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1 Compute population by multiplying the figure for the previous period by the
gselected growth rate

2 Take the estimated vegetable food production per capita per day from the previous

time period, and multiply by the population to obtain the desired total

food output.

Fstimate the cost of this output from the optimal development pathway,

Calculate GDP using O, 3 or4%/yr growth rate

Calculate % GDP devoted to food production from 3 and 4

[« JIRY ;B N VT

Extract from Fig 2 the mean daily per capita energy intake corresponding to

this % GDP on food production

7 Adjust value (of step 2) by iteration of steps 2-6 until per capita intake is
in balance with estimated fraction of GDP on food production

8 Scale adjusted value (of step 2) by fraction for country concerned r:lating
toial food consumption (vegetable plus animal) to the vegetable component,

9 Using Pig 5 estimate fraction of population expected to receive less than

selected daily energy intakes.

Under this scenario the combination of incre-sing
population andrising price of production inputs, together with the diminishing
marginal return to agricultural inputs, results in an increasing proportion of the
GDP going to food production and hicrher food prices, The rate of increase in
this GDP proportion varies according to the assumed value for economic growth,

and values of 0, 3 and 4%/yr are tested. Many poople in these countries already
spend all or much of their income on food, therefore given increased food prices
and no or little real growth in per capita inceome, it is assumed that mean calorie
intake of the population will decline in accordance with Fig 2, This nutritional
deterioration occurs for all the combination of parameter values examined, although
of ccurse the rate varies, Up to 2010 AD for any o: the parameter combinations
examined, there are no marked differences in mean intakes Tor two alternative

rates of population growth, namely continued growth at the rate prevailing during
1969-71, or at the slowly declining UN median rate, and therefore only the

results for the constant growth rate are pregsented here,

Teble 1 gives the results for certain parameter
combinations. Assuming zero growth in GDP and in the cost of production
inputs, the average calorie consumption in India drops from 1990 to 1700 kecal
Uy the year 1990 (Table 1 coluan 1), and at this average iuiuksz, 62% of the
nousehold have mean consumption levels below this calorie intake, ie below the
=a0 value for the maintenance requirement, The proj-cticns in Table 1 show that
given poor economic growth, recurrent starvation may b-come pandemic in Bangladesh
on an increasing scale from the 1990's with India and Pakistan la-ging behind

but relati ely soon following a similar pattern,
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Table 2 shows the number of people who would die of starvation in Bangladesh

on the two alternative assunptions of the minimum intake of food energy necessary
for survival, and for different economic parameter values, There is a marked
escalation of annual deaths given the assumption of a 2%/yr increase in production
input prices associated with zero GDP growth, with a projected annual death rate
from starvation of ¢5.5 million in the year 2010, India and Pekistan would

have lower death rates at the turn of the century, but would follow a similar

path to Bangladesh in the fi-st two or three decades of ths 2ist century,

Death rates of this masnitude would have a rapid feed-back on net population
growth, althoursh this is not allowed for in these projections. These sub-

models only consider a smoothed ‘'annual expected! dsath rate from

starvation, and hence do not present the violent fluctuations about the mean which
would occur as a result of weather induced variaitions in food output etc, Famine
already occurs from time to time in localised areas, but the projected annual

'expected' deaths across the whole country are much more formidable,

Application of the UN median forecast of population
growth, instaad of the exponential one used for the projections in Table 2, would
present a less severe picture up to the year 2010, butsimilar effects would
eventually arise. The outlook would be much worse if the FAQ value for minimum
food energy intake were accepted, and also if agricultural development failed
to follow the optimal path, These results are less pessimistic than those
put forward by Meserovic and Testel, who surgmst that the total number of children
dving from starvation in these three countries may be c. 13 million/yr by the year
2010, These workers use a linear relationship between food intake below
the required level and mortality. This relationship is not supported bty the field

data on low food intakes and mortality used in our sub-models.

If a sustained high growth rate of the GDP was
attained, pandemic starvation induced mortality would not occur before theyear
2010 (Table 2, columns 5 and 6), Such a high growth rate appzars relatively
unlikely in these countries, because approximately half the national output
is alrcady devoted to food production, and only a small proportion goes into the
production, of exportable goods. Thus substantial growth im GDP would require
rapid and continued expansion in these 'trading' sectors of the economies. 1In
the absence of foreign aid such an expansion could probably be attained only by
a diversion of investment in productive capacity away from agriculture, and this
would induce a worse nutritional situation in the short term even though the
long-term effect mirht be imp -oved. The projected situation would be
improved by either large irgictions of aid, or a marked decline in fertility,

and parameter changes of this type are Lo be examined in our World Model.
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The food study of the Indian sub-continent
was an exercise in sub-model construction with the system boundary drawn at
the frontiers of the countries., Within the system - the physical relations
governing increased food production and the economic balance tending to lower
calorie intake as fiaction of GDP on food production rises - are modelled,

The exogenous inputs to the system are:-

1, Population increase rate
2. The price change of inputs to agriculture
3. The growth rate of the economy

Clearly, it is more satisfactory if the exogenous inputs can be reduced in
number, The price change of nitrogenous fertiliser is related to the price of
energy needed to manufacture it and this in turn is related to the extent of
depletion of fossil fuel reserves and the cost of substitute energy sources.
The growth rate of the economy is related to the level of investment, to the
increase of productivity and to the trading position of the country relative to

the other countri:s of the world.

It follows: therefore that in order to
reduce the area of speculation, individual sector models for energy, fertiliser etc
are needed operating within countries or within groups of countries and
linked not only w:thin-economies through money and material flows but also

between economies through trade.

This is a modelling operation nearing
completion in the Systems Analysis Resecarch Unit. Because there is a
dininishing returns aspect to the disaggregation process, the level of disaggrega-
tion can be varied, Finer separation requires more data, carries more risk
of error, takes longer to program and costs more for each run, The return for
this extra effort is more detailed and more precise output. Howecver, the
increase of precision and detail falls off with greater disargregation and so

a compromise is struck. The current levels of disazgregation are:

3 groups of economies

10 sectors within each

The sectors are capital goods non-food -crops
consumer foods vegetahle products
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energy animal products
agricultural services processed vegetable products

minerals processed animal products

The detail in this sectoral classification deliberately emphasises food
because the pressure on food supply is greater than on any other resource

such as metals or energy.

This 3 gtratum, 10 sector model
operates successfully with partially validated data, It is demand driven,
the prices finding values that the market will bear, within che economies,
The production functions are subject to both technical improvement, and
depletion effects such
as the greater difficulty of securing energy, minerals, water and cultivable
land, Investment occurs according: to the profitability of the individual
sectors. The mi ration of labour between sectors is driven by the wage differ-
ential. The fraction of total output paid to labour is a function of the level
of employment. Thus the full range of economic feedbacks operate and the

nodel displays robustness tco perturbations.

The structure of the model provides a test
bed for the simulation of a variety of actions which go beyond the
idealised market equilibrium state, Using the basic version, effects of
cartel action, trade embargos, advance action to provide substitutes, alteration
to fertility rate, chanred levels of aid and shifts in income and distribution
can be separately tested. The requirements for creation of this basic test
rodel have needed the development of several techniques which are new to
the modelling field. In particular, the derivation of a trade barrier matrixz
to represent the relation between expected and actual trade flows is a novel
concept. The quantification of degree of anticipation necessary to provide

timely substitutes is an innovation,

It is our view that this basic structure
provides, not merely another mozel but a gencralised modular mechanism capable
of beingz used by a range of investigators to experiment with practically
the whole ranze of parsmeter variation, that may be desired, at any appropriate

level of disageregation. The proirom modules will be available in early 6.
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RELATIONSHIP BETWEEN REGIONAL OR NATIONAL AVERAGE

CALORIE INTAKE AND THE CRUDE DEATH RATE
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FIG.7 PROPORTIONS OF A POPULATION WHOSE CALORIE INTAKE FALLS
BELOW ALTERNATIVE CRITICAL LEVELS AT DIFFERENT VALUES OF AVERAGE

FRACTION OF POPULATION WHOSE CALORIE INTAKE LIES BELOW SURVIVAL LEVEL
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Discussion

Bottomley asked whether the fertilizer response curve used was in fact
obtained from trials or from actual real-life experiences. In reply, Norse
stated that trials were carried out on farms by farmers. Parikh added that
methods for carrying out these trials differed greatly, from specialized
farming techniques on one hand,to simply copying the manner in which the
field worker puts fertilizer on the ground. At his institution, they have
much experience in this respect.

Richardson stressed that the paper is more optimistic as to the extent
of starvation than other papers previously presented by other participants.
He wondered how this optimism would be reflected in recommendations to
policy-makers as to population control, the desirability of agricultural
development and so forth, and whether these policy recommendations might
differ significantly from the recommendations that were presented or might
have been derived from other ventures such as '"Mankind at the Turning Point".

Other speakers doubted the validity of the low calorie requirement ex-
pressed in the paper, especially owing to the often weak statistical data
base. Furthermore, there is a distinct time lag from consumption to under-—
nourishment, and from undernourishment to death from lack of food; under-
nourishment may also lead to an increase in diseases that result in death
at a later period of time.

Rossmiller found it disconcerting that population is an exogenous factor
in the model.

In reply, Roberts pointed out that, in arriving at policy recommendations,
one should be aware from the beginning of the necessary weakness of certain
model assumptions. Bearing in mind these restrictions, he believed that the
main findings of his model did not differ from those of "Mankind at the
Turning Point". Even though his results may be less pessimistic than those
of '"Mankind at the Turning Point", he considered the situation quite dramatic,
so the basic message of both models remains the same.
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From Development to Implementation: Activities
Of the Mesarovic-Pestel Project During 1974-75

John M. Richardson, Jr.

ABSTRACT

The paper discusses the implementation of the food submodel of the
Mesarovic-Pestel project. The model, which follows a regionalized and multi-
level approach, was presented at the first Global Modelling Conference held
in 1974.* Among the major conclusions of the study are the following:

An intelligent and effective population policy must be an integral
part of any strategy designed to deal with the potential food crisis;

For optimal economic development there must be a balance between
agricultural and non-agricultural sectors;

A program of assistance to solve the food crisis in South Asia is
essential; although large-scale assistance is needed, the amount
is not prohibitive.

The system was presented at a meeting of the Club of Rome held in Berlin
in 1974, and also at the meeting of the members of the European Parlament in
Hannover in 1975. Reference is made to the successful implementation of the
model in Iran.

Some observations are given on organizing large-scale modelling projects:

Once the model has been completed, the group that developed it
should continue to work together;

It is important to strive for acceptance of the results both in the
scientific and in the decision-making community;

At every stage the program must be able to produce demonstrable
results.

*

M. Mesarovic and E. Pestel, eds., Multilevel Computer Model of World
Development System; Summary of the Proceedings, International Institute for
Applied Systems Analysis, Laxenburg, Austria, 1974.
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Discussion

Bottomley stated that in his paper Richardson raised an interesting
point: how can one resolve the dilemma created by the fact that on one hand,
there should be an optimal exchange of information among modeling groups, on
the other hand, modeling groups should be as independent as possible in
identifying and establishing their priorities. Richardson answered that part
of what makes a project successful is the group spirit, the mutual confidence
and the willingness to work and to make sacrifices of individual identity
among the members of the group. Whenever a group that has worked together
successfully is dissolved, the loss of the team work is greater than the loss
of factual information. It was his experience that it can take up to a year
to establish this common spirit.

Randers added that one should not overlook the difficultyof administrating
an interdisciplinary study; this goes beyond the usual problem of fitting
together people of different personalities. In this respect, one can certain-
ly learn from experience.

Roberts stated that, in principle, he wholeheartedly agreed with all
that has been said so far. The only counterpoint he would like to make is that
it is positive to have a variety of approaches, often from totally different
backgrounds. He therefore hoped that the constructive spirit exhibited by
present groups will encourage the formation of new groups, possibly from an
entirely different angle. These new groups should learn as much as possible
from the information gathered by other groups; hence, no group should
construct a model so complex that another group could not understand the
lines of reasoning.

In reply to a question by Cole, Richardson stated that different
institutions will take a particular model and use it for different purposes.
This practise should not be condemned; the more facts available, the better off
one will be, irrespective of how these facts are being used.

In reply to a question by Brioschi, Richardson outlined the main differ-
ence between his approach and that of MOIRA. An obvious main difference is
that his food model forms part of a much larger global model thsat has a well-
defined economic sector, a population model and so forth; all of these are
linked to the food and agricultural sector. Secondly, his model is
essentially a supply-driven model, as compared to a demand-pull model such as
MOIRA. Thirdly, MOIRA goes farther in investigating the functioning of a world
market; in his model, specific regional issues were considered more impor-
tant., For his model, there remains much to be learned about further inte-
grating food and energy from the demand structure. Of course, there are
more technical differences in his model, for instance, the cefinition of
the production function, but that is not basic., Furthermore, his group
worked hard at comparing model outcomes with historical results: this was
a great help in calibrating and estimating the parameters. As a result, they
are more confident that what the model is doing must be reasonable.
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Food Problems and International Trade in Cereals

Gilbert Etienne

SOME FEATURES OF THE WORLD MARKET IN CEREALS

World output of cereals increased from 1228 million tons in 1974 to
1246 million in 1975 and about 1300 to 1350 million in 1976. Between 1971
and 1974, the total amount of wheat on the world market was about 60 million
tons per year; production figures during this period for coarse grains such
as maize and millet were 60 to 70 million tons per year, and for rice about
7 million tons per year. Imports of maize and millet by developing countries
(China included) are relatively small (about one fifth to one third of the
total world figure). For rice, developing countries imported three quarters
of the total amount on the world market. As to wheat, the share of the third
world oscillates between 30 to 40 million tons while advanced countries
import around 23 million tons (excluding the USSR).

In spite of the improved situation in 1975 and 1976, the world food
supply remains a matter of great concern, because agriculture is still vul-
nerable to sharp weather variations especially in the third world. Two major
questions have to be raised, especially with regard to the third world:
availability of grain on the world market and prices. Table 1 shows data on
world reserves for 1971 to 1976.%

Table 1. World reserves held by main exporting countries
(available before next agricultural year), 1971-1977.

(millions of tons)

Wheat Rice Other Cereals
1971/72 (July-June) 52 6 56
1972/73 33 4 40
1973/74 29 4 29
1974/75 32 4 24
1975/76 37 5 25
1976/77 (forecast) 52 5 32

The decrease in world reserves until 1973/74 is owing to the massive grain
imports by the USSR in 1972/73 (20 million tons of wheat and 10 million

*
Most data comes from FAO reports E/CONF 65/3 and 65/4 (World Food
Conference 1974) and from later FAO reports.
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tons of coarse grain), and to simultaneous crop failures in Asia and
Africa. The poor harvests of wheat and maize in the USA in 1974 did not
allow for a substantial improvement of the situation. Wheat crops in the
USA in 1975 and 1976 have been very good; maize also did well. The Soviet
Union has faced a severe deficit in 1975 which led to the import of 10
million tons of wheat and 13 million tons of coarse grain during 1975/76.
Forecasts for imports in 1976/77 are respectively of 6 and S million tons,
owing to good harvests in 1976. The situation has also improved in Asia.

The decrease in the amount of grain reserves has been aggravated by
price trends. Since the mid-1950s and until 1965 or so, US food aid (Public
Law 480) has covered 30 to 45 percent of total imports of cereals by devel-
oping countries. Many countries, particularly those of Asia, were able to
cover the bulk of their grain deficit and thus to escape famines. Such
supplies were very favorable for the receiving parties, since they involved
gifts and/or supplies paid back mostly in local currency. In addition the
proceeds of the sales within the country would be lent by the US Government
to the local government for development projects. For example, in the case
of India in 1974 the USA has given up their claim to repayment of loans.

As a result of these grain supplies, third world countries largely
escaped the consequences of grain price fluctuations. Here again the situa-
tion has drastically changed since 1972, in spite of some improvement since
1974, as can be seen in Table 2.

Table 2. Food aid and sales.

(million tons per year)

Country 1960/61- 1965/66~
exporting 1964/65 1969/70 1971/72 1972/73 1973/74 1974/75 1975/76
usa 15.6 12.80 9.53 6.92 2,98 4,57 6.35
Canada 0.18 0.67 0.60 0.71 0.50 0.73 1.00
EEC - 0.56 1.03 1.25 1.22 1.42 1.28
Japan - 0.11 0.60 0.44 0.43 0.30 0,22
USSR - 0.04 0.02 - 2.00* - -
Totalkk 15.84 14.48 12.72 9.81 7.68 8.37 9.46

*x
Wheat loan to India, to be paid back in kind.

*x
The figures do not tally with the total because we have not mentioned various minor
supplies.

The decrease in the amount of aid given in 1970/71 and 1971/72 may be
explained in part by India's reduced grain imports owing to the improved
grain situation in that country. Later, Soviet imports had a great impact
on US grain policy. It appears senseless to encourage an agricultural sup-
port policy within the USA. Thus from 1973 onwards, the US Government has
abandoned their policy of storing grain. Cereal trade is now mostly handled
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by private US firms. The Government grants food aid only under limited con-
ditions (repayable usually entirely in dollars over a 40-year period at a

2 percent interest rate) and usually in an attempt to avoid an emergency in
the importing country.

All these factors and world inflation explain the sharp increase in
grain prices, even after taking into account the loss of value of the US
dollar. However, good harvests in 1976 in North America, the USSR and Asia
explain the fall in prices. As to the volume of import, it is falling
sharply in 1976/77 in a number of countries--China, India, USSR.

Export Prices (fob in US dollars per t)

June-July Wheat Rice Maize
1971/72 60 133 52
1972/73 92 171 72
1973/74 177 584 116
1974/75 161 439 132
1975/76 151 295 116

Aug. 129 243 116
1976 yoy. 106 260 98

Wheat: US No. 1 winter
Rice : Thailand
Maize: US No. 2 yellow

Price fluctuations do not depend only on the law of supply and demand;
speculation also plays an important role. Any forecast of poor crops in a
large importing country boosts world prices. The same phenomenon affects
export countries. For instance in 1974, maize harvest in the USA was 10
percent below expectations, which has pushed prices up by 60 percent.

Thus some system of world reserves isolated from market prices is
needed not for routine imports but to face serious emergencies in devel-
oping countries. Although technical difficulties should not be underesti-
mated (cost of storage, localization of stock, controls, etc.), what is
lacking in Western countries is the will to act and cooperate. Wealthy
socialist countries also have not been particularly helpful. Unless some
reserve system is organized, few countries will give early warning of their
needs in times of emergency for fear of pushing prices upward. Sound and
timely cooperation between rich and poor countries would not be possible.

CEREALS IMPORTS OF DEVELOPING COUNTRIES AND OUTPUT PROSPECTS

South Asia (Bangladesh, India and Pakistan, with a combined population
of 750 million) and China (with a population of 800 to 900 million) repre-
sent 60 percent of the population of the third world. Until recently, their
cereals imports have been equivalent to about one third of the total grain
imports of the third world. While these countries currently represent a
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major element in world grain trade, they should be able to reduce substan-
tially, perhaps entirely, their deficit over the next twenty years or so.
The diet of these people should also improve so that acute deficiencies can
be eliminated. China is comparatively advanced and has eliminated real
misery.*

However, unless these countries reach what I would call a minimum safety
level, they may still be dependent on large imports in the event of bad
natural calamities. Situations such as this may be very serious if, as has
happened, several large importing countries have had poor harvests in the
same year.

South East Asia is in a more favorable situation. Some countries have
been net grain exporters (e.g., Burma and Thailand); Indonesia may reach
self-sufficiency, even though some years ago they had a deficit of 0.8 to 1
million tons of rice. Malaysia could also achieve self-sufficiency.

In the Middle East, cereal problems are not too serious. Several
countries can afford grain imports. A fairly large agricultural potential
exists in Iran, Iraq and Syria.

In Africa north of the Sahara, a deficit of a few million tons of
cereal may last for a fairly long time. Egypt has already had somewhat
high yields per ha. Various physical constraints are slowing down progress
in the Maghreb countries.

The prospects in several parts of Africa south of the Sahara are more
serious. The Sahel countries face a difficult future when one looks at
population increase and the agricultural potential, and the very severe
physical constraints. In 1973/74, during the famine, the imports of the
Sahel countries reached 1.7 million tons. Such situations may appear again.
In other countries located in the west, the center and the eastern part
growth prospects are on the whole better, but they may take a long time to
materialize: considerable efforts have to be made in the areas of adminis-
trative structures research, surveys of rural societies, etc., in order to
improve the situation. In both North and South Africa, imports have in-
creased from 1.6 to 7 million tons per year over the last ten years. Thus
there is an urgent need to introduce more efficient agricultural policies
in many of these countries.

In Latin America, the situation appears more favorable. In several
countries (e.g., Mexico, Equador, Venezuela, Peru, Brazil) substantial
growth is taking place and the overall development level is higher than in
Southern Africa.

*See G. Etienne, Foodgrain Production and Population in Asia: China,
India, Bangladesh, in World Development, Oxford, 1977. I made also some
estimates on Pakistan and Bangladesh in Le club de Rome et 1'Asie: mort ou
survie, Esprit, 2 (1975). 1In the following pages, I did not refer to the
potential growth in North America and Western Europe. The recent book by J.
Klatzmann Nourrir dix millards d'hommes, Paris, Presses de France, 1975, shows
the potential in rich countries as well as in developing countries.
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In summary, although self-sufficiency in food grains will not be
reached for all countries (in fact, it is not needed where there is diver—
sification of the economy and the export sector grows fast enough) there
is no reason to be too pessimistic. Regardless of political options, there
are many possibilities for agricultural development. They involve more
common sense, more and better organization and planning, a heavy concentra-
tion on agricultural research and agricultural inputs and sound price
policies for agricultural commodities and inputs. One can also reasonably
hope that, within the next twenty to twenty five years, population growth
will slow down; this is already taking place in some developing countries,
e.g., Sri Lanka, Malaysia, the province of Taiwan. More efficient family
planning policies should be carried out especially when recent experiences
are taken into account.¥®

THE MECHANISMS OF FAMINES

Until the last century, people died of hunger mostly because of a lack
of grain. The growing expansion of money in rural areas under colonial
rule, and more so in the last decades has increased the importance of the
price factor, since a growing number of rural people are paid partly or
entirely in cash, as opposed to in kind.

One of the worst famines of this century was the Bengal famine in 1943
where, out of a population of 60 million, 1.5 to 3 million died of hunger.
Grain stocks were no doubt low, but what was responsible for the starvation
was the price of the grain which increased tremendously under the pressure
of speculation, hoarding, etc.

On the other hand, during the two consecutive years of very severe
droughts in India (1965 and 1966), only a few isolated cases of starvation
death were recorded. The Indian Government received ample supplies from
abroad, mostly from the USA under P.L 480. (A total of nearly 18 million
tons grain was imported during this two-year period.) The Indian adminis-
tration organized the food distribution in a remarkable way: fair price
shops were open where grain was sold on ration, covering part of the needs
of the people, very poor people frequently received some free supplies.
Such measures prevented an escalation of prices on the free market.

These examples illustrate the kind of cooperation between rich and
poor countries that can be successful: generous food aid from grain-rich
countries, and an efficient system of distribution, particularly at the
local level which is also very important. In 1974 in Bangladesh, for example,
foreign deliveries were large, but, for a number of reasons, the authorities
could not reach the required efficiency in distribution; hence, there were
many deaths from starvation. Similar shortcomings have appeared in Africa

*A more sober approach to population problems is needed than currently
exists. It is, for instance, wrong to speak of failure in India and in
other countries. Such changes do take time, and even in China, population
control is far from complete, especially in rural areas where about 85 per-—
cent of the population live. However, in an increasing number of countries
progress is noticeable.
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over the last few years, although foreign responsibility is by no means small,
Obviously, the administrative machinery in various developing countries

needs to be improved and strengthened in order to avoid other disasters. In
such matters, foreign cooperation can only play a limited role.

THE RICH IMPORTING COUNTRIES

A number of rich countries (both capitalist and socialist) are, or can
be, sizeable importers of grain. Unlike developing countries, they buy
grain not to consume directly but to feed cattle, pigs and chickens. Thus,
they absorb considerable amounts of grain: about 6 to 7 kg of grain are
needed to produce 1 kg of beef, about 3.5 kg of grain to produce 1 kg of
pork, etc. About 370 million tons of cereals are used per year to feed
animals in rich countries (30 percent of the world population, socialist
countries included); this is more than the total amount of grain consumed
directly by the combined population of China and India (1.4 to 1.5 billion).

If protein needs are rated 100, as does the FAO, actual consumption for
rich countries averages 123 (i.e., 123 for Western Europe, 126 for North
America, and 127 for Eastern Europe and the USSR). Such a situation is
absurd. For example, a recent survey has shown that in Switzerland about 50
percent of the male population in the 30 to 39 age group are overweight, and
in the 50 to 59 age group, this figure is 78 percent; about 30 percent of
the women in the 40 to 49 age group are overweight.*

It appears high time for rich countries, no matter what their ideology,
to behave in a more sensible way, so that people reduce their weight for
health reasons and outlook! At the same time, their reduced intake of food
would increase the supply of grain to the underfed people of the world.

*

Sample survey by Institut d'analyses de marche, I.H.A., Hergiswill,
La Suisse, Geneva, May 29, 1975. Similar conclusions can be drawn from
several surveys made in the USA and in other countries.
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Discussion

Karsky noted that he found the presentation by Etienne stimulating.
However, he wondered whether a reduction in the consumption of food of the
industrialized nations would automatically lead to an increase in the avail-
ability of food for the developing countries. A decrease in food consumption
in the industrialized nations might simply result in an economic crisis.

In reply, Etienne agreed that the problem is not simple; on the other
hand, the overnutrition in the industrialized countries is absurd. The
establishment of food reserves for emergencies seems to be of utmost import-
ance, since many countries have not reached a minimum safe level of production.
1f, for instance, a major crop failure should occur in a few Asian countries,
there might be an acute food shortage.

Weber remarked that famine was not new; there have been famines far back
in history, the last real famine in Europe occurred in Ireland in 1846. Fur-
thermore, he observed that until now all papers have overlooked the fact that a
substantial part of the caloric intake is in the form of beverages; in France,
for example, it accounts for as much as 107 of the total caloric input. And
if a human society produces more food than it needs, the excess is converted
into beer, wine, whiskey, and the like. Thus one cannot speak of an absolute
maximum caloric intake. Why should the American of tomorrow not wish to eat
steak for breakfast, lunch and supper? Every society with an excess of food
has so far invented its own particular type of waste. Bottomley elaborated
on this idea stating that this "societal waste' could be considered an
emergency reserve. One may even say that the more waste there is, the higher
the hidden reserve.

Sanderson mentioned the most disturbing fact that food production in
Bangladesh has been decreasing rather than increasing over the past twenty
years. Unless the phenomena at work in Bangladesh can be better understood,
the country will remain a major candidate for food aid for a long time.

Parikh added that only a very careful and detailed study can reveal what
might have been the decisive factors lacking in different parts of Bangladesh.

Questioned by Rademaker why the plans exposed by Etienne were not realized
in Pakistan ten years ago, Etienne replied that, during the past twenty years,
it was believed that the main obstacles were institutional factors. Thus the
main concern was for institutional change, not only in Pakistan but also in
India and many other countries. During that same period, technical factors
such as seed, fertilizers, and other inputs were badly neglected. Once these
factors were given proper attention, big leaps forward can be observed--for
example, an improved irrigation system in Pakistan, in combination with the
introduction of Mexican wheat. As a result, food grain output in Pakistan
expanded by 1007 over the last ten years.

Sen added that important technological changes, if made available, might
result in sudden increases in output. This possibility often did not exist
before the 1960s. Richardson admitted that modelers may often underestimate
the significance of technology, although, in most cases, they try at least
implicitly to take into account technical changes. On the other hand, those
designing technologies often underestimate the cost of implementing them and
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tend to see potentials as almost certain reality. Most modelers would agree
that the technology is available for making these regions self-sufficient

with even larger populations than exist now. However, the critical constraints
lie in the economic sector, in the infra-structure, in the system of agricul-
tural support, extension and marketing that provide the base, and in the
incentives that allow people to use the technology.

Etienne stated that human behavior is hard to depict in a model--one may
have farming communities that are extremely clever and dynamic and others
that are less so.

Parikh asked to what extent the assumptions of Etienne might have altered
the message delivered by MOIRA. De Hoogh replied that if Etienne's assumptions
are correct, they have been underestimating the development of production in
Southeast Asia, resulting in less net hunger than is shown in the model. He
and his collaborators would certainly be happy if they were proven wrong in
that respect. In reply to another question by Parikh, de Hoogh said it was
not possible for them—-owing to the lack of data~--to control their model by
running it for the period 1930 to 1970. Richardson added that in their model,
they ran such comparisons, resulting in rather good agreement between
calculated and actual data.
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International Food Fund (IFF) Concept+

Nake M. Kamrany

I. Introduction
There appears to be a dissonance between the demand and the
supply of food versus the need and the supply of food on the

global basis.

Sgf > Dgf
Sgf < Ngf

Qgf > Rgf

This global dissonance between food supply and food need
requires examination of the long-term alternatives for the
deficit regions and an assessment of their ability to become
self-supporting. *

Thus, there is a need for an interim solution to fill the
gap (Sfg < Nfg) between now and the time needed for the food

deficit countries to reach a state of self-support.

TPreliminary outline.

*For Illustrative approach see W.W. Seifert and Nake M.
Kamrany, A Framework for Evaluating Long-Term Strategies for
the Development of the Sahel-Sudan Region, Center for Policy
Alternatives, Massachusetts Institute of Technology, Cambridge,
Mass., December 1974. Also, for an analysis of problem identi-
fication and resultant policy implication see Nake M. Kamrany,
The Three Vicious Circles of Underdevelopment: The Sahel-Sudan

Case of West Africa, Socto-FEcon.Plan.Sci., 9 (1975), 137-45.
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The idea of an International Food Fund was first presented
by me to an IFIAS Project Workshop held at Aspen-Berlin,
February 5-7, 1975. This concept had the benefit of reactions
by the participants of the workshop*.

I am abstracting from numerous ideas and/or reviews of
material on the same and/or similar topics. This is done inten-
tionally for the sake of clarity, simplicity, operationality,
and getting to the heart of the subject without undue delibera-
tion and/or esoteric elegance; and for the fear that the idea
may get bogged down with too many details and may suffer from
compromises.

The basic approach is an incremented or gradual solution
toward the world food problem in contradistinction to a total
or dramatic solution. We have not achieved world freedom from
hunger.

Thus, the problem of global emergency food shortages is

identified as the central theme and its solution represents
perhaps the most pragmatic approach to the general solution of
the global food problem.

As such, we will be linking problems of the immediate time
horizon to those of the short term (5-10 years) and the long run
(25 years or more) time horizons.

Moreover, we will be linking the micro (country or region)

analysis to the macro (global) picture and vice versa.

*
See The Policy Implications of Food and Climate Interactions,
International Federation of Institutes for Advanced Study and

the Aspen Institute for Humanistic Studies, May 1, 1975.
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The institutional structure will be that of the establish-
ment of an International Food Fund--whose aim will be to guaran-
tee emergency food requirements to its member nations (member-
ship shall be open to all nations including the materially rich
and the materially poor). Such an institution could provide a
base for implementing policy implications of innovative research
and modeling activities in pursuit of its objectives.

A preliminary cost analysis for IFF has been prepared.¥*

IT. Basic Assumptions for IFF

Note: The global models presented at this conference and
other are useful in and modifying some
of the following assumptions made about IFF and may
provide the necessary insight toward the feasibility
of IFF.

1. Over the next quarter century (1975-2000), world popula-
tion growth rate will be steady, i.e. will be equal to or slightly
smaller than the existing rate (birth control measures have
largely failed whether they were launched by the public or
private agencies, national governments, bilateral aid arrange-
ments, or international agencies).

2. Total world food production will be equal to or greater

than the total world food consumption requirements for adequate

*

See P.L. Rogers, Analysis-Costing of Emergency International
Food Fund (IFF), paper presented to a Special Studies Seminar on
Policy Analysis, Center for Policy Alternative, Massachusetts

Institute of Technology, Cambridge, Mass., 1975.
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per-capita diet regardless of foreseeable climate fluctuations.
(This is actually a very conservative assumption). An optimis-
tic or average assumption could claim that world food produc-
tion could be substantially increased to support world popula-
tion of the year 2000 by a factor of X (X > 1), especially if
new sources of food are included in the assumption plus the
observation made that less than 50% of the arable land in the
world is in production and the crop yield of drought prone
regions could be improvided. Also, measures could be taken

to counter agricultural sensitivity to weather conditions, im-
prove malfunction in food distribution, and counter price mani-
pulation by big buyers. The impact of climate technology could
improve by the end of this century to counter climatic anomilies
although in the next decade, the probability of a substantial
cooling from natural causes or a trend toward a warmer climate
from human influences is not very high. However, the frequency
of droughts on a world-wide basis has increased since 1800,
requiring a concentrated effort to counter their direct and
indirect effects.

3. Reliance on market mechanism or food grants will not
bring into balance (equilibrium) the need for and quantity of
food for meeting emergency and minimum per capita food require-
ments on a world-wide basis. Therefore, a non-market approach
to meeting emergency and minimum per-capita food requirements
is necessary. (It should be noted that for transactions above
the emergency and minimum food requirements we have reserved

comments about the appropriateness of the market mechanism).
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4. Materially poor countries will aim to reduce and
eventually eliminate economic dependence, i.e., they will reach
self-support over time. However, the higher food cost, partly
due to oil prices and imports of food from long distances, will
adversely affect their ability to reach the status of self-

support within a reasonable time span.

ITII. Guiding Principles for IFF

1. IFF will function on the principle of full participa-
tion by its member nations. Although the bulk of IFF initial
funding would, of course, have come from a relatively few materi-
ally rich countries, all member countries should contribute on
an equitable basis. A sliding index will be developed for initial
and continuing fees.

2, IFF will be a not-for-profit, non-political, autono-
mous organization. The spirit of detente may contribute to such
an organizational structure.

3. IFF might be established at first to provide emergency
food assistance, but with the view of moving, if the member
nations wish, into a larger role of balancing out surplus and
deficit production among participating nations.

4. TIFF will draw its annual operating financing from a
progressive food tax (all members) and ability to borrow in the
fund market with preferential treatment by the fund market.

5. IFF will meet the deficit for minimum per-capita food
requirements for countries whose per-capita income falls below a
certain level (to be determined) at a fixed cost (to be determined).

For countries whose per-capita income is above that level, the
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cost will increase until it reaches the market or going price.
6. IFF will purchase its food requirements and may
provide price support for needed commodities at a relative
price index (e.g. OPEC intended approach for price indexing
of oil).
7. Among other things, IFF will carry out a weather
and crop monitoring, develop contingency plans for extreme
weather conditions both good and bad; including measures for

food distribution and storage.
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Discussion

Gallopin inquired whether, in the particular case of the Sudan region,
Kamrany would conclude that the restrictions are mainly of a socio-political
nature. In reply, Kamrany stated that they had investigated many foreign-aid
programs, and concluded that they are almost useless, because of limited
rainfall, and so forth. It is of utmost importance that those responsible
in the region understand the situation and arrive at an agreement to limit
the number of cattle in certain parts of the country. This is not unlikely;
in many parts of the world similar tribal systems exist whereby tribes come
to a compromise on the basis of some understanding of the main problem.

Furthermore, Kamrany stressed that in their model possible climatic
adversities have been included, based on information about the last four
hundred years.

Swain asked whether possible shortfalls in a particular year would not
affect prices and therefore the demand for funds in the International Food
Fund. Kamrany replied that such checks were made. Their assumption was
that at worst, one would need 17 to 187 of the normal consumption for contin-
gencies, but on the average, 5 to 67 would be sufficient.
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World Agriculture: Reassessment of Trends and Policies

Fred H. Sanderson

Introduction
Like other recent studies of the subject, the Brookings project was
prompted by the world-wide debate over the nature of the "food crisis."
Are current shortages and high prices of agricultural commodities a transient
phenomenon, or do they signal a fundamental change in the relation between
world food supplies and demand?
As a first step toward answering this question, an analysis was

hv4

made of the immediate causes of the food crisis, The analysis shows that
the events of the past three years can be explained as the result of transitory
factors: an unusual, but not unprecedented, series of crop shortfalls in the
USSR, South Asia, and North America; and the failure of the major producing

and consuming countries to prepare for such an eventuality. The crisis could
have been avoided if the United States and other countries had been more
prudent in maintaining grain production and adequate stocks. Between 1967 and
1972, U.S. wheat acreage was cut back from 59 to 48 million acres; U.S. coarse
grain acreage was cut from 103 to 96 million acres; Canada's wheat acreage

was cut from 31 to 22 million acres. If the acreage had been held at the 1967
level, more than 100 million tons of additional grain would have been available
in 1972. If the acreage had been held at the somewhat lower 1968 level, more
than 50 million tons of additional grain would have been available -- more

than enough to ride out the crop failures of 1972 to 1975 without significant

price increases,

1/ Fred H, Sanderson, "The Great Food Fumble," Science, May 9, 1975.



-230-

This explanation does, of course, not preclude the possibility that
the world -- or major parts of it -- may be confronted with an adverse change
In Jong~term trends of food supply and demand., That fear, recurrent since
Malthus, is based on the apparent imbalance between an exponentially rising
demand for primary food energy, spurred by population and income growth, and
the plausible expectation of diminishing returns from land, water, fertilizer
and other inputs. This imbalance should be reflected in rising real costs
of food production until food production finally reaches the physical limits
of land, water and fertilizer use. Rising real costs, in turn, would impede
any improvement in the already inadequate diet of the poor countries and
would eventually force even the affluent to cut down on the food-energy

wasting conversion of grain into livestock products.

Past Trends

We know that this has not happened. World grain production -- which
accounts for three-fourths of the production of primary food energy -- has
been rising at a fairly steady rate of about 3% amnually during the past
quarter century -- well ahead of population growth in the affluent countries,
and slightly ahead of population growth in the developing countries (Chart 1
and Table 1).

This growth of world food production was accomplished mainly by raising
yields per acre, and only to a minor and diminishing extent, by expanding
acreage. In the past 25 years, cultivated acreage did not increase at all
in the developed countries as a group while it contributed about one-third
of the increase in food production in the developing countries.

Grain yields per acre have been rising at annual rates of 3% in
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Table 1
Annual Rates of Growth of Grain Production,g/ Yields, and Population,
1950 - 1973

Grain Prodyction Grain Yields Population
U. s. 2.6 3.8 1.k
Canada 1.1 1.3 2.1
EC-9 3.3 3.1 0.8
Japan 0 2,1 1.2
USSR 3.8 3.1 1.k
Poland 2.7 3.0 1.3
Argentina 3.8 2.3 1.6
Brazil L.3 0.2 3.0
India 3.6 2.5 2.1
Pakistanh/ 5.6 4.3 3.9
Bangladesh? 0.4 -0.5 3.1

a/ Average of first three years to average of last three years,

b/ 1963 - 1973.
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developed countries and 2% in developing countries, Contrary to what one
might expect, the growth of yields, with some exceptions, has not slowed
down (Chart 2), even in the developed countries where they already are high
(Table 2).

Increased yields were made possible by technological progress. The
"law of diminishing returns™ notwithstanding, the net effect of increased
applications of fertilizer and pesticides by and large has been cost-reducing.
This has also been true of investments in irrigation, drainage, and water
control. In fact, some of the most important breakthroughs in agricultural
technology (hybrid seeds) led to dramatic increases in yields at very low
costs.

While the rate of growth of grain production averaged about 3% for
the world, as well as for developed and developing countries as a whole,
it has lagged in some countries (Bangladesh), In India grain production
has levelled off during the past few years (is parallel with fertilizer use)
so that grain imports became necessary on an increasing scale to maintain
food supplies per capita. It is also important to keep in mind that the
narrow margin between food production and population growth has permitted
only a very slow improvement in the inadequate diets of some of the densely
populated developing countries. Indeed there is evidence that the annual
improvement in per capita food production in these countries was not always
sufficient to meet the increase in effective demand resulting from rising
incomes, Such imbalances are generally reflected in rising food prices,

rationing, growing food imports, or a combination of these,



~233-

Table 2
Annual Rate of Growth of Grain Yields g/

0-1 1963-1973
U.S. 3.8 3.6
Canada 1.3 2.3
EC-9 3.1 3.3
Japan 2,1 2,6
USSR 3.1 6.21—’/
Polend 3.0 k.o
Argentina 2.3 2.2
Brazil 0.2 0.k
India 2.5 2.5
Pakistan k.3
Bangladesh -0.5

a/ Average of first three years to average of last three years,

b/ 1963-65 base reduced by two drought years.
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Projectio
long-term forecasts of food demand and supply are notoriously
hazardous. Demand projections must take account of such factors as population
and income growth, income distribution and urbanization, food prices, etc.
Supply projections must assess the effects of rising demand for food on
food production and the costs of production. This involves an assessment
of the possibilities and costs of increasing yields by applying more water,
fertilizer, pesticides, improved seeds, and improved cultivating practices;
the possibilities and costs of bringing additional land into cultivation;
the effects of government policies affecting agricultural production,
product and input prices, credits, investments, education and research,
land tenure and ownership. Supply and demand projections are both subject
to great uncertainties, resulting in a wide range of possible surpluses
or deficits which are subject to even wider margins of error than the under-
lying estimates of supply and demand.
One might think that the formidable array of factors and relationships
involved, and the uncertainties attached to each, would be sufficient to
give pause to anyone tempted to forecast for more than a few years ahead.
Yet long-term projections have been made -- increasingly in the context of
complete econometric models -- and will continue to be made.
In what follows we shall review briefly (a) the track record of some
past attempts to forecast food demand and supply and (b) recent projections
by FAO, the Economic Research Service of the U.S, Department of Agriculture
and others.
Past projections have, in general, tended to underestimate both
Y

population growth and food production. Thus the Paley Commission,™ projecting

1/ President's Materials Policy Commission, Resources for Freedom,
1952, Vol. V, Report T (submitted by John D, Black and Arthur Maass).
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from 1950 to 1975, anticipated a 28% increase in the U,S, population, to
193 million; the actual population growth turned out to be 114, to 219
million. Although the Commission underestimated the rise in real disposable
income per capita, it was right in projecting only a modest increase (11%)
in food consumption per capita in the United States. The Commission failed
to anticipate the dramatic expansion of world demand for American grains
and soybeans. On the supply side, the actual growth in output and yields
generally exceeded the upper end of the range projected by the Commission
(Table 3).

Rogers and Barton,l/ who had the benefit of postwar experience up to
1960, still fell considerably short in projecting 1975 grain yields in the
U.S., particularly of corn, which they put at only 61 bushels per acre, as
compared with the current average yield of close to 100 bushels,
2/

The current generation of projectionists is more circumspect

1/ Rogers, R, O. and Barton, Glen T., Our Farm Production Potential,
1975. USDA, 1960.

2/ Notably the following:
FAO: Agricultural Commodity Projections, 1970-1980, Rome, 1971
(Single scenario).

FAO: Assessment of the World Food Situation, Present and Future,
Rome, 197h.

U,S. Department of Agriculture, Economic Research Service, World
Trade Models:
(a) World Demand Prospects for Grain in 1980, Dec. 19T1.
(b) The World Food Situation and Prospects to 1985, Chapter 4,
Projected World Food Supply and Demand, Dec, 197k,
(¢) Alternative Futures for World Food, Working Materials,
August 1975.

Iowa State University:
Blakeslee, Heady and Frammingham, World Food Production, Demand
and Trade, Iowa State University Press, 1973.

Resources for the Future:

A, B, Carr and David W. Culver, Agriculture, Population and the
Environment, in Commission on Population Growth and the American
Future, Volume 3, 1972.
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Iable 3
Paley Commission Projections o/
(1975 as % of 1950)
Projection Actyal

Population 128 1
Real disposable income per capita 15k 171
Food consumption per capita 111 113
Total food consumption 14 159
Productiong/

A11 cropsg/ 131-168 160

Wheat 120-150 190

Corn 140-200 176

Soybeans 120-150 500
Yields per acreg/

Wheat 120-150 200

Corn 140-200 220

Soybeans 120-150 125
Export volume

Wheat and flour 53 ko

Oilseeds and products 57 9000

President's Materials Policy Commission, Resources for Freedom,
1952, Vol. V, Report 7 (submitted by J. D. Black and A, Maass),

b/ Upper Limit: Assuming "full, efficient and economic application
of available technology," Lower limit: Yield "likely to be expected on
the basis of past experience.”

¢/ Weighted average of food and feed crops.
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in that they generally refuse to commit themselves to any single projection
based on a single set of assumptions. Typically, current projections are
cast in the form of alternative scenarios based on altermative assumptions
as to population growth; income growth; production, price and trade policies;
environmental policy constraints; ete.

The analytical techniques have also become more sophisticated. While
the FAO studies are essentially projections of the "gap" between demand
(estimated on the basis of alternative assumptions as to population and income
growth) and supply (based on extrapolations of past growth rates), other studies
have attempted to take account of the interactions between supply and demand
via price, increasingly by means of econometric models involving interrelated
demand and supply functions involving price as a variable, Such studies are,
however, handicapped by the uncertain state of our empirical kmowledge of
long-term supply and demand elasticities, input-output coefficients, etec.

Table 4 compares the annual growth rates for population, income and
demand for grains (for all uses) shown in the two latest studies by FAO and
the U.S, Department of Agriculture, two earlier studies (1971) by the same
organizations, and actual growth rates observed during the period 1961-1970,

As can be seen, the forecasts of population and income growth are
remarkably consistent. Both organizations have raised their sights, in their
most recent studies, as to the probable economic growth of developing countries.
There is less agreement as to what this will mean in terms of demand for cereals,

The fact that the implied income elasticities are all lower than those
derived from past experience might be considered consistent with Engel's law

and the expectation of further gains in efficiency of conversion of grain
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Table 4

Grain Demand by FAO and USDA

(Comparison of Annual Growth Rates)

61-70 FAO T1
1.1 1.0
L.y 5.2
2.5 2.0
1.5 1.0
3.3 k.2
0.45 0.24

61-70 FAO T1
2.6 2.7
4.6 5.4
3.7 3.2
1.1 0.5
2.0 2.7
0.55 0.17

DC's

BRs 71 Fag 74/
1.0 0.9
k.3 k.5
2.0 1.7
1.0 0.8
3.3 3.6
0.30 0.22
1IC's

ERS 71 FAO Th
2.6 2,7
%7 6.4/
3.3 3.3
0.7 0.6
2.1 3.7
0.33 0.16

ERS 19
0.8
k.o
1.9

1.1
3.2

0.3%

ERS T3
2.7
6.0

3.2

0.5
3.3
0.15



Population
GNP

Grain demand

Per cap, demand
Per cap. GNP
Implied elasticity
Sources: 1961-70:

FAO 1971:

ERS 1971:

FAO 197h:

ERS 1975:
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Table 4 (cont,)
USSR and EE
61-70 FAO T2 ERS T1 FAO Th ERS 75”
1.3 1.7 1.2 - 1.3
6.5 5.8 5.5 - 5.3
h.3 2.1 1.8 - 2.3
3.0 0.4 0.6 - 1.0
5.2 b k.3 - k.0
0.58 0.10 0.14 - 0.25

USDA/ERS, The World Food Situation and Prospects to 1985,
Dec. 107k, Table 8. (1960/62-1969/71)

Agricultural Commodity Projections, 1970-1980,

USDA/ERS, World Demand Prospects for Grain in 1980, Dec. 1971
(Base period 1964/66).

Assessment of the World Food Situation, Present and Future,
Nov. 197k.

Projections to 1985, Alt. 1, Working Materials, August 1975.

Footnotes: a/ Includes USSR and Eastern Europe,

b/ "Trend growth" assumption, including oil-exporting countries

(5.7

0il exporters are excluded),

¢/ Ineluding PRC,



-240-

into livestock products; but can we really expect them to drop so sharply?

One might expect income elasticities of total grain demand to be high at

the lowest income levels (as in South Asia), lower in developing countries

emerging from poverty but still on a largely vegetarian diet, lowest perhaps

in newly affluent countries such as Japan (because of the lag in dietary

habits), then rising again as the growing demand for animal products is reflected

in increased use of grain for livestock feeding, and finally, declining as the con-

sumption of livestock products approaches the saturation point, One would also

expect this relationship to be affected by other factors such as the price and

availability of grain, the availability of pasture and other non-grain fodder,

the availability and price of foods not based on grain and of consumer goods

other than food, and by differences in dietary responses to rising incomes

(some relatively poor countries in latin America have a strong preference for

animal products as incomes rise). Finally, there are serious questions con-

cerning the reliability of the data (on both grain consumption and incomes)

and the comparability of the per capita incomes converted at official exchange

rates., Factors like these may account for the poor correlation between income

elasticities of grain demand and average per capita incomes evident in Chart 3.
In view of these uncertainties, it may be idle to add yet another

global projection of world grain demand to those already existing --

particularly one that is not based on a careful analysis of the demand for

specific foodstuffs and of grain requirements for different uses that follow

from it. The main justification for doing so is that the assumptions and results

would seem to be no less plausible than those implied elsewhere (Table 5).

Table 6 compares the resulting projections of total grain demand to
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Table 5
jections of World Grai
1970 Population Millions
Income per cap. 1970 $
Elasticity 1960-T0
e/

Grain cons, per cap.

Kgs.

Total grain cons.g‘/ Mill M.T.

1985 Population

Growth rate (%)

Millions

Income per cap.

Growth rate (%)

1970 $
Elasticity 1970-85

Grain cons. per cap.g/ Kgs.

Total grain cons.g‘/ Mill M.T.

Growth rate (%)

2000  Population Growth rate (%)
Millions
Income per cap. Growth rate (%)
1970 $
Elasticity 1970-85
(Y4

Grain cons, per cap.

Kgs.

Total grain cons.g‘/ Mill M.T.

Growth rate (%)

a/ Including USSR and EE,
b/ Asian centrally pianned economie
¢/ Rice included on paddy basis.

S.

Demand

pc's® 1ogs

1072
3100
0.h45
577
617

0.9
1222
3.5
5208
0.ko
710
870

2.3

0.8
1381
3.0
8100
0.25
810
1120
1.6

1755
310
0.55
220
386

2.7
2615
3.0
485
0,50
275
720
4.3

2.5
3792
3.5
810
0.45
350
1325
i 2

1.6
1008
2.0
238
0.50
300
304
2.7

1.2
1210
2.5
3ks5
0.k5
355
430
2.k

World

3621

333
1207

1.9
4816

392
1894
3.0

1.9
6383

450
2875
2.8
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Table_6
ison o jections of World Graip Demand, 198 d 2000
(Mill, M, T.)
1970 1985 1990 2000
Table 5 rad  mrs 1 | pa/ Table 5_

pcrs?/ 617 870 796 890 84 1120
LDC'sy 386 720 629 620 738 1325
ACP'SQ/ 204 304 300 260 326 430
World 1207 1894 1725 1770 1911 2875
a/ Includes USSR and EE,
b/ Market economies
¢/ Asian centrally planned economies,

FAO Assessment, 19Tk.

AN

USDA/ERS, The World Food Situation and Prospects to 1985, Table 16,
Alternative I. Adjusted for difference in 1970 base due to {a) inclusion
of rice on milled basis, (b) omission of North Korea and North Vietnam
in ERS studies.
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1985 with those derived from other studies. It may be somewhat reassuring
that the differences between the extremes of the range are of the order of 10-15
percent or less.

Supply projections are beset with even greater conceptual and statistical
difficulties than demand projections, The FAO Assessment merely extrapolates
production trends observed in 1961-1973 and finds, on this basis, that the
resulting supply-demand deficit of the developing countries can be met by
the projected surplus of the developed countries. Most studies have, indeed,
assumed, on the basis of past experience, that the increase in demand can be
met through increases in yields per acre, and/or increases in acreage, and/or
double cropping, without significant increases in costs. In effect, this
implies perfect elasticity of supply, over the long term, for the anticipated
range of demand increases. Other studies (Paley Commission, Resources for
the Future) have made rough allowances for increases in costs that may be
expected to result from a speeding up of the historical rate of growth of
production (and in the case of RFF, from environmental policy constraints on
the use of certain inputs). The ERS model specifies area and yield elasticities
for crops (as well as supply elasticities for livestock products) and finds
that grain exporting countries will be able to meet prospective demands for
grain and oil meal in 1985 without significant increases in real costs, except under
the high demand alternative when costs are estimated to rise by 25-30% over the
1970 base, (The RFF study comes to a similar conclusion for the year 2000).

How useful are these projections? Skeptics can point out that the

results depend heavily on the assumptions concerning the future growth of
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population, income and productivity. To the extent that the demand and
supply elasticities and input-output functions used in the projections are
derived from empirical observations, they are based on scanty and questionable
data. Important institutional and policy variables tend to be ignored because
they do not lend themselves readily to quantitative analysis. Considerations
like these have led a panel of the U.S. National Academy of Sciences to
conclude: "While models and mathematics may be helpful in making explicit
implications of various assumptions, they cannot reduce the uncertainty of

the future. Moreover, they may deceive the unwary, who often assume that
specific numbers are somehow more accurate than verbal descriptions.” v This

Jjudgment may be too sweeping but it certainly has some validity.

Limits to Growth

There are nevertheless, some general conclusions that can be drawn:

1. With world population virtually certain to increase from k& billion
at present to over 6 billion by the turn of the century, the effective world
demand for grains may be expected to double, from 1400 million tons in 1975
to 2800 million tons in 2000.

2. Past rates of production growth would be sufficient to meet this
growth in demand.

3. There are no physical limits that would prevent a doubling of
world food production. Indeed, world food production could be raised to at

least four times its present level by applying the best technology presently

1/ National Academy of Sciences, Agricultural Production Efficiency,
1975, p. 18k,
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known. This conclusion is based on the following considerations:
(a) There is ample room for further increases in yields per acre.
In the industrial countries, average yields fall far short of those achieved
by the most efficient producers, let alone those in experiment stations, and
the use of fertilizers is still rising. In the developing countries,
possibilities of improving yields are even greater. Average grain yields in
these countries are less than half those in the industrial countries,
Fertilizer and pesticide use are less than one-fifth that in the U.S., less
than one-~tenth that in Western Europe and one-twentleth that in Japan,
(b) Studies by the President's Science Advisory Committee (1967), Iowa
State University, the U.S, Department of Agriculture and FAO all indicate
that at least twice as much land as is now being used is suitable for crop
production. The potential for expanding crop acreage is particularly great
in Latin America where it could be quadrupled. Furthermore, in many areas
blessed with a warm climate and an adequate water supply, there are substantial
possibilities for increasing multiple cropping. v
(c) Only a small fraction of the annual supply of water is used in
crop production. (Even in South Asia, less than one-~third of the "economically
useable" water is being used in crop production, and that is used inefficiently.)
4. As mentioned earlier, this conclusion does not allow for the
probability of continuing advances in plant breeding, pest control technology,
irrigation techniques, water desalination, and the development of foodstuffs

and particularly livestock feeds from presently unutilized organic materials

1/ Thus the Panel on World Food Supply of the President's Science Advisory
Committee estimated the maximum gross-cropped area at 16.3 billion acres, as com-
pared with 7.88 billion acres potentially arable land, and 3.43 billion acres
actually harvested. BPSAC, The World Food Problem, Vol. 2, p. 434,
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derived from land or ocean resources, Y There is no reason to believe that
agricultural technology has reached the end of the road,

5. While the world is far from "running out of" land, water, and
energy, there are some areas which are considerably closer to the physical
limits of exploitation of their agricultural resources (Japean, China).

6. In most developing countries, the major limiting factors on the
rate of growth of agricultural production are economic, political, and
ingtitutional rather than physical.

7. For all practical purposes, the problem of future food supplies
comes down to a question of costs. What will be the effects on unit costs
of production of bringing in additional acreage, of better water control
and additional irrigation? The investment requirements may seem staggering
but one must keep in mind that these are permanent improvements which can be
amortized over long periods of time, Current operating costs per unit of
output may increase with increasing applications of fertilizer and pesticides,
and it is possible (though not certain) that the world may be faced with a
permanent increase in energy costs; but these factors may continue to be
offget by the cost-saving effects of new technologies.

8, The econometric models have been useful in spelling out the
mathematical consequences of alternmative assumptions. For example, the

USDA/FRS projections under Alternative IV indicate that if fertilizer and

associated inputs were increased by 1 to 1 1/2 percentage points per year

1/ Thus Walter H. Pawley estimates that 36 billion people could be fed
100 years from now, assuming two major technical breakthroughs: the development
of economic methods of desalination of sea water and the development of methods
to deal with tropical soils ("In the Year 2070," Ceres, July-August 1971).
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above the trend rates of growth observed in 1960-72 (about 8%), it would
enable the developing countries as a group to avoid any significant dependence
on food imports. But thus far at least, they have not contributed much to
the analysis of the economic, political and institutional impediments to the
growth of agricultural production, or thrown much light on the effects on

production costs of increased demand for food.

The Brookings Project
The Brookings project will concentrate on an intensive study of the
physical, technological, econamic, and institutional factors affecting

v &/ that account for

grain demand and supply in nine countries or areas
the bulk of world agricultural trade. The emphasis will be on the search for
factors that have been operative in the past, and that are likely to be most
relevant in the future, in spurring or impeding production.

The factors determining demand will include population, income, urbaniza-
tion, income distribution, price policy and rationing, feeding programs for
disadvantaged groups and other factors affecting the patterns of grain utilization.

The factors determining supply will include land, fertilizer use,
pesticides, irrigation, genetic improvements (HYV's), cropping patterns
(including multiple cropping), price incentives (input and product prices),

credit availability, agricultural investment policy, land ownership and tenure

policy. Particular attention will be given to the costs of bringing additional

1/ The focus on grains is justified by the fact that cereals are the
principal food in the larger part of the world, and the principal raw material
for food production in the developed countries. Moreover, the demand for grain
may be a better index of the pressure on natural resources (land, water) than
the demand for "food."

2/ U.S., Canada, Australia, Western Europe (EC-9), Japan, USSR and
Eastern Europe, South Asia (India, Pakistan, Bangladesh), Argentina and Brazil.
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acreage into production, the costs of raising yields per acre, and the possi-
bilities of multiple cropping.

The study does not aim at constructing a complete econometric model,
Its main objective is to assess the major elements that should enter into such
a model, To the extent that the data permit, however, use will be made of
multiple regression analysis and other quantitative techniques to project
demand and supply on the basis of past relationships and judgments concerning
future trends in the factors affecting demand and supply.

The judgments will be made on the bais of three alternmative world
scenarios:

A, Continuation of present policies (base model)

B. Freer international trade and capital flows (free trade model)

C. More restricted trade and capital flows (self-sufficiency model).

The study will then address the internal and external adjustment
mechanisms through which the projected supply/demand gaps can be closed (or
financed), including

(a) the price mechanism;

(b) national policies of supply and demand management that may reinforce
or mitigate the effects of the market;

(¢) international trade and aid policies that may help to narrow (or
finance) projected demand/supply imbalances.

It is hoped that the country-by-country analysis of a wide range of
factors affecting demand and supply will provide a more realistic understanding
of the "trends behind the trends" and of the changes that could take place in
the future. We believe it is the approach most likely to capture the effects

of policy variables,
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An important focus of the study will be the possible impact of increased

trade and aid in facilitating national adjustments and thus lessening pressures

for policies that may be costly in terms of economie welfare and growth.
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Chart 1. World Grain Production (incl. rice).
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| YEAR
1930 1935 1940 1948 1950 1938 1980 198 1970 1978
Chart 2. World Grain Yields.
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Discussion

At the beginning of the discussion, Meadows raised a general question,
why did papers tend to fall into one of two categories; one category assumes
that things will become worse, and the other assumes that things will become
better. She wondered whether a meta-model or an experiment could be designed
to look at a new kind of data in such a way that would decide who is right;
it would make a big difference whether one considers the situation such that
the market mechanism will be able to take care of it, or whether one sees the
situation in such a way that an international monetary reordering is essential,
or whether one thinks that the situation is such that no major action needs to
be taken. Policy implications differ enormously; in part this may be determined
by whether one thinks primarily in physical or in monetary terms. Furthermore,
time lags are also viewed differently. Lastly specialists in the agricultural
field may overlook the difficulty of bringing in sufficient resources of energy,
capital investments, and many other things from other sectors. Bruckmann adced
that, in general, the less variables are involved in a model, the more "optimis—
tic" the model tends to be, overlooking constraints coming from variables that
have been exogenized. The more one includes ecological and other non—economic
variables, as well as time horizon, time lags, and the like, the less one comes
up with optimistic views. Some overly optimistic models reminded him of the
attitude of someone owing ten people a thousand dollars each and of having a
fair chance to make a thousand dollars; he goes to bed happy, convinced that he
is able to pay back any single one of his debts if he earns a thousand dol-
lars. However, he has not yet earned the thousand dollars. Also, if he did
make this amount, he might spend it on things other than paying his debts.
And, even if he makes the money and decides not to spend it on something else,
and in fact pays back one of his debtors, all his other debts will remain.

Waelbroeck stressed the difficulty of answering the question raised by
Meadows. The food situation is highly sensitive: a little more food and there
are surpluses; a little less food and there are major difficulties and famines.
It was a sobering experience for him to find out that all agricultural models
have been constructed on little evidence. For example, it has been stated that
it is impossible to raise agricultural production by an average of more than
4% in a number of consecutive years; however, it has just been stated that
agricultural production in Pakistan increased 100% within ten years. So,
where the data base on production figures is unclear, how much less can be
expected from the data base on less documented variables? Apparently, there
is a misallocation of prestige: too much prestige is attached to conclusions
and none is attached to data bases, model assumption, and methodology.

Parikh stated that there is a certain relation between the scientific
field and optimism: system dynamicists tend to be gloomy; linear programmers
tend to be optimistic.

Rademaker expressed his surprise that so far at the conference pollution
has received very little attention. If, by the increased use of fertilizers,
pesticides and herbicides one can increase agricultural production, then by
no means can pollution be overlooked. Levis replied that the U.S. Geological
Survey is trying to determine the possible effects of the increased use of
these production means on ground water; water may be a limiting resource, not
so much in the sense of physical existence, but because of the way it is being
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used. It may be that water quality problems actually become a constraint.
Swanson added that at hearings held in the U.S. about three years ago, there
was a great deal of uncertainty about the impact of increased use of fertil-
izer. Because little is known, this aspect should not be neglected--from an
agricultural point of view it may be a side effect, but certainly from a
ecological view, Zs a major effect.

Gallopin added that, based on studies carried out in various countries,
one may roughly conclude that the cost of pollution abatement might be in the
magnitude of less than 27 of GNP. With this amount, pollution could be re-
duced to a level much below the present one. Thus the position of the model
of Fundacion Bariloche was that pollution control is today technologically
possible and within a reasonable order of magnitude of cost. Bruckmann pointed
out that his remark about optimists versus pessimists referred not so much to
the number of variables involved, but to the question to what extent the pro-
blem is seen in a systemic way: the more systemic the view, the more cautious
one becomes. In this respect, the 2% figure just mentioned by Gallopin may
serve as a perfect example. It may be true that 2% of the GNP might suffice to
eliminate pollution, but this view alone does not explain the mechanisms needed
to raise the 27 of the GNP or rather to divert these resources from other goals,
(27 of GNP are many millions of local currency), also it does not indicate the
likelihood of the occurrence of any of these actions. So this figure may be
utterly misleading.

Sanderson encountered, in his opinion optimism or pessimism have nothing
to do with the scope or the complexity of the model. It is mainly an issue
between economists and non-economists: economists are congenitally optimistic,
convinced that money can buy and fix everything. The economist has the added
advantage of being able to point to the experiences of the past which shows
that the technological advances have more than upset the declining returns of
any given physical lump of natural resources. In the economists' view, pollu-
tion is dealt with in the same way: it is simply a social cost which the market
mechanism unfortunately has not been able to handle. But it would take only
a very small adjustment for the market mechanism to fix it. It is good that
environmentalists have increased the concern for the enviromment to such an
extent that something is now being done.

According to Batteke, the pendulum was swinging from the Meadows
approach back to the economists'. Coming back to the question of pollution,
he said that large amounts of money are being spend on pollution abatement.
However, these costs have so far been applied more to pollution caused by
industrial systems.

Kulikowski added that there is also the question of quality. For
example: on a given amount of land, one can either raise a large amount of
low quality wine or a smaller amount of high quality wine; what applies to
wine is equally valid for many other products such as chicken. Swanson replied
that sometimes the market mechanism reflects quality; the U.S. has recently
undergone the experience of trying to change beef standards, which met with
a good deal of opposition.

De Hoogh asked Sanderson about the future development of food prices,
since scarcity of food is implicitly or perhaps explicitly contained in his
projections., He expressed interest in the plan of the Brookings Institution
to introduce policy alternatives in their forthcoming agricultural model.
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What were the policy goals? Sanderson replied that in his opinion the
purpose of any study is to understand what is happening, what is likely to
happen and whether some well designed policies are able to smooth the way
for adjustments which are more or less inevitable. As a modeler, he might
find himself in the same situation as the Bourgois Gentilhomme, who was
unaware of having spoken prose all his life. As to prices, one should
distinguish between the very rough projections in Table 5, not taking into
account prices, and a more detailed treatment of prices elsewhere. As
regards the modeler's task, Roberts stated that he resented the idea of a
moratorium on modeling, to be used to obtain ample evidence. This seems
to be wrong for practical reasons: having spent a substantial amount of
time on collecting data, one then begins the new modeling work, only to
find out that the data were the wrong kind. Modeling work and the collec—
tion of data therefore must be an interactive process. Furthermore, the
request that data be collected first is very often politically motivated
in order to delay necessary decisions.
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An Analysis of the World3 Agricultural Submodel’

W. Thissen

1, INTRODUCTION
Global modelling has gonme through a process of fast growth during the past
three years. After the publication of the first world models by Forrester
and Meadows, it was generally felt that the issues brought up were of
considerable interest, and that further study and analysis would be
necessary. More precisely, it was considered desirable to analyse the
processes described only roughly in World2 and World3 more profoundly,
and therefore more detailed and more disaggregated models had to be con-
structed., Several modelling teams were set up, most of which are still
actively engaged in the building of new, often high-dimensional global
models, As a result, the number of models available or presently under
construction is rising rapidly, and public attention is above all directed
towards the latest results obtained from the newest and - often - most
detailed model. Since in most of these studies the main emphasis was laid
on the development of new models and the generation of simulation results,
the analysis and evaluation of those models already available have more
or less fallen into oblivion, although such evaluation forms an important
part of the systems analysis approach. Especially if a model is constructed
to be used as an aid to policy making, it is necessary to be able to under-
stand the model and explain how its behaviour comes into being without
reference to a computer. As the new models are growing larger and larger,
it is.becoming more and more difficult and more important to gain such an under-
Stand%%%‘these and other reasons the Dutch "Global Dynamics' project
group has paid much attention to this aspect of systems analysis. The
main accent has been on the analysis of the world models by Forrester and
Meadows, and in this context a number of methods for enhancing the
comprehensibility of non-linear mathematical models have been tested and
compared. The main results of the World2 and World3 studies have been

described in a number of progress reports (1/).

+The research presented in this paper was supported in part by the Netherlands
Organisation for the Advancement of Pure Research Z.W.O0.



~-256-

This paper presents only part of the conclusions: it attempts to give
an idea of the analysis of the agricultural sector of World3, and some of
the results. The activities described are not yet in their final state,
but full details will be published before long.

Finally, it should be observed that no attempts have been made to ex-—
tend the World3 model or to criticise the validity of the assumptions. The
submodel's equations have been studied in the form in which they are

described in the technical report of the Meadows team (2).

A SHORT DESCRIPTION OF THE WORLD3 AGRICULTURAL SUBMODEL

It is beyond the scope of this paper to describe the equatioms of the
agricultural sector of World3 in full detail. Those interested are referred

to the extensive report prepared by Meadows et al, (2).

Figure 1 shows the DYNAMO-flow diagram of the sector's equatioms. It
appears that the subsystem is influenced by three variables from other
sectors: Industrial Output IO*, Population POP, and the Persistent
Pollution ratio PPOLX. IOPC (Industrial Output Per Capita) is the
quotient of IO and POP, In turn, the agricultural subsystem influences
these three sectors by means of the variables FIOAA (Fraction of IO
Allocated to Agriculture), FPC (Food Per Capita), and the persistent
pollution generation from agricultural output. For ease of discussion,
and because its influence on the model results is only weak, this
last factor will further be left out of consideration.

The state variables PAL (Potentially Arable Land), AL (Arable Land),
UIL (Urban-Industrial Land) and LFERT (Land Fertility) seem to play a
central part. The rates of change of PAL, AL and UIL are controlled by
the Land Development Rate LDR, the Land Removal for Urban-Industrial
Use LRUI and the Land Erosion Rate LER. Land Fertility is influenced by
PPOLX and by the Fraction of inputs Allocated to Land Maintenance FALM.

» . . . . . R
The explanation of the abbreviations used in the text is given in the

Appendix.
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The value of FIOAA is calculated as a function of the ratio between
the actual values of FPC and IFPC (Indicated Food Per Capita). Subsequent-
ly, Total Agricultural Investments TAI are assigned to investments in
land development ( a fraction FIALD), investments allocated to land
maintenance (FALM) and direct inputs used to increase the land yield
(the remaining part).

The following discussion about the working of the equations of this
sector applies to the so-called standard-run conditions. The standard or
reference run is a model calculation, in which a number of coefficients
are set to such values that the model's outcome agrees with what is
known about reality in 1900 and 1970, which calculation is continued up
to the year 2100. The behaviour of the model in the standard rum is
characterised by a period of growth followed by a rather sudden decline
of variables like industrial output, food production, population, etc.,
setting in about 2030, and caused by deplefion of non-renewable resources.
Because of the restricted model validity, especially as far as the latter
half of the 2Ist century is concerned, the main emphasis of this dis-

cussion will be on the behaviour between 1970 and, say, 2040.

FIRST SIMPLIFICATIONS

To obtain a better insight into what are the factors really important

to the sector's outcome, the behaviour of all variables in a standard-run
calculation was observed. It appeared that a number of variables have

a fairly comstant value throughout the whole run. It was found that these
can be replaced by constants without considerably affecting the sector's
overall behaviour. Other simplifications were obtained by putting the
rates LER and LRUI equal to zero, because, owing to their low values
compared to the values of the state variahle they affect (AL), their
impact on the model results is only slight. These observations have

yielded the following list of simplifying assumptions:

LYMAP = 1,
This means that the influence of industrial production on land
yield acting via air pollution (LYMAP = Land Yield Multiplier from
Air Pollution) is omitted completely. In its original form, LYMAP would
only differ from | if IO rose to ten times its 1970-value or higher. Such

values are not attained in the standard-run calculation.
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FALM = 0.06.

In the standard run the value of FALM varies between 0,04 and 0.07.

One of the two influences of FALM acts via a factor (1-FALM), which
factor varies between 0.96 and 0.93, and may be replaced by a

constant. Furthermore, FALM influences the land fertility subsystem,
but a test calculation has shown that replacement of FALM by a constant
does only slightly affect the behaviour of the sector after 2020.

LER = 0,

Consideration of the standard-run behaviour of the Land Erosion Rate
LER teaches us that the total amount of land eroded between 1900 and
2100 is not more than about 57 of the value of AL in 2100. Complete
omission of land erosion does not have any significant effect for the
submodel's standard~run behaviour.

LRUI = 0.

The same kind of considerationsas above lead to the omission of the
Land Removal for Urban-Industrial Use LRUI and hence of the complete urban-

industrial land subsector.

Figure 2 shows the outcome of a run in which all of these four simplifi-
cations have been introduced. Only after 2040 can changes of minor
importance, especially in the value of FIOAA, be perceived. Figure 3
represents the Dynamo flow diagram after introduction of the simplifi-
cations mentioned above. The picture is considerably clearer than Figure I,
especially owing to the omission of all variables related to urban-—

industrial land and land erosion.

A FURTHER ANALYSIS OF THE NUCLEUS OF THE AGRICULTURAL SUBSYSTEM OF WORLDS3

For ease of discussion we will now divide the remaining sector-—equations

into four parts, each of which will be dealt with separately. The

following subsectors will be distinguished:

- The land fertility subsystem, indicated by the thin solid lines in
Figure 3.

- The equations describing the investment allocation decision between in-
vestments in direct inputs, and in land development (the calculation
of FIALD; fat broken lines).

- The state-variables PAL and AL, and the equations directly related

(thin broken lines).

The remaining equations, in which food production and total investments
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Figure 2: Standard outcome after introduction of the simplifications
mentioned in Section 3, page &5 (fat lines) compared with
the standard results of the complete model (thin).
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in agriculture are calculated, and on which the input variables IO and

POP act (fat solid lines).

4.1 The Land Fertility subsystem

Inspection of Figure 3 teaches us that, after the introduction of constant
FALM, the land fertility subsystem has only one input variable (PPOLX),
and one output (LFERT). Since only one level-equation appears in the
subsystem, its behaviour is described by a first-order differential
equation, which reads:
O, ILF - LFERT

LFERT = W LFERT*LFDR . (])
ILF and LFRT (due to constant FALM) are constants, and the value of
LFDR is determined by PPOLX. By reordening the coefficients, (1) can

be written in the standard form of a first-order transfer system:

1 + LFDR#LFRT ILF

LFERT = -LFERT # TFRT TFRT ° (2)
From (2) it follows for the time-constant 1 of the system:
LFRT
' % 7Y LFDR*LFRT °’ 3
and for the static value of LFERT:
~ ILF
LFERT  tatic = T+ LFDRALFRT = ° )

For standard-run and similar conditions the value of 1 is less than

S years, which is low in comparison with the time constants determining

the overall model behaviour (these have values of 20 years and more).
Consequently, it is suggested that the differential equation for LFERT (1)
may be replaced by the algebraic equation (4) without affecting the

model's behaviour. Test calculations have fully confirmed this hypothesis,
and hence it may be concluded that the link between the persistent pollution
subsystem and the agricultural subsystem, formed by LFERT, acts in a more

or less algebraic way, i.e. without any delay or lag.

x means derivativeof x with respect to time.
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4.2 The allocation of investments to land_development (fat broken_ lines).

The value of FIALD (Fraction of Inputs Allocated to Land Development)

is calculated as a function of the ratio between the marginal productivi-
ty of direct agricultural inputs (fertiliser, pesticides) and the
marginal productivity of development of new land. FIALD affects two other
variables: on the one hand, its value influences CAI and hence AIPH

via a factor (1-FIALD), on the other it influences the Land Development
Rate LDR. In the standard run FIALD gradually increases from 0.15 to
0.25 between 1900 and 2000, drops from 0.25 to a very low value between
2000 and 2050, and is virtually nil thereafter. Owing to its influence
via (1-FIALD), the effect of the variations of FIALD on AIPH is fairly
weak,

Because FIALD acts as a multiplier in the investments in land
development through the formula LDR = TAI*FIALD/DCPH, it was expected
that its influence would be considerable. However, by means of a series
of sensitivity tests it has been shown that LDR is not very sensitive
to the exact value of FIALD and that FIALD might even be replaced by a
constant without changing the behaviour of PAL and AL considerably.
Apparently, the behaviour of LDR is mainly controlled by TAI and DCPH.

A more detailed analysis has been performed, but because this
paper aims at covering the main lines and conclusions only, FIALD will
be assumed a constant in the following discussion. Consequently, the
sector's flow diagram can be further simplified (Figure 4). Figure 5
shows the outcome of a calculation in which the assumption FIALD = 0.19
was added to the simplifications discussed in section 3. It shows
that the behaviour of the output variables FIOAA and FPC is hardly
affected.
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4.3 Arable Land and Potentially Arable Land

If the effects of land erosion and land removal for urban-industrial

use are neglected (LER = LRUI = 0), the rates of change of AL and PAL

are equal, but with opposite signs:
AL = LDR = -PAL . (5)
Integration of (5) yields:
t

AL(t) - AL(1900) = [ LDR(t)dr = PAL(1900) - PAL(t) . (6)
1900

Hence, if either of the state variables PAL and AL is known, the other

can be calculated directly, because

PAL(t) = PAL(1900) + AL(1900) - AL(t) . (7

AL will be chosen as a key variable and henceforth variables that

previously were functions of PAL, will be considered functions of AL.
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As will be clear from Figure 4, the only variable influencing AL from
outside the land-subsystem is TAI, since FIALD is considered constant
and DCPH is a function of AL itself (via PAL!). The development costs
per hectare are assumed to increase more or less exponentially as the
area of potentially arable land decreases. A good approximation for the

table function DCPH is
DCPH = a.exp (~b.PAL) . (8)
where a and b are constants.

Substitution of (7) and (8) in the formula

LDR = FIALD#TAI/DCPH, 9)
and subsequent integration according to (5) yields the expression
t

AL(t) = p.1n{q . [ TAL(1)dt + r} ’
1900 (10)

with p, q and r constant. This formula reflects the diminishing

returns of investments in land development.

The caleulation of the important input and output vartables

Using the remaining equations (fat solid lines in Figure 4), the

output variables FPC and FIOAA are calculated. The equations form

a loop, in which the only dynamic element is the smooth-function AI.

The time-constant of this first~order lag is equal to 2 years and hence
its value is small in comparison to the predominant time constants in

the other sectors. However, if DYNAMO is used as simulation language,

the inclusion of such a dynamic element is necessary, because algebraical-
ly closed loops have to be avoided. But for purposes of structural analysis,
or if a stable iteration procedure can be included (as in Algol), the
smooth function AI can be completely omitted. Test calculations have,
indeed, shown that omission of Al has hardly any effect. But if Al is
omitted, the loop is closed algebraically, and hence FPC, FIOAA, F, etc.
can be considered algebraic functions of the input variables POP, IO,

AL and LFERT. These functions are given implicitly by the equations of

the loop, and can only be made explicit by means of (numerical) solution

of the implicit equations.
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However, the concept of an algebraic relation alone is sufficient
to enable important structural conclusions to be drawn: the working of
the sector's nucleus can now be sketched as in Figure 6 below. The
figure shows that two important components determine the characteristic
behaviour: First, the algebraic system relating output and input
variables, and, secondly, the dynamic transfer system relating AL to TAI.
The LFERT subsystem is incorporated in the central box, and hence PPOLX

is considered an input variable.

FPC
zle)g{;x_- ~=--ad ALGEBRAIC >
o FIOAA
SYSTEM TAT
A ol e a e - N
/7 i
[} |
| 1
' ]
i '
]
\ DYNAMIC !
\ ____________ -
SYSTEM

Figure 6 : The working of the most important part of the World3

agritcultural sector (broken lines indicate weaker influences).

To obtain some idea of the relative importance of each of the input
variables, a sensitivity analysis of the algebraic system was performed
for a number of standard-run situations. It was found that mainly POP and
10 are determining the behaviour of the output-variables, and that the
influence of PPOLX is weak. The values of FPC and FIOAA are only moderately
sensitive to the value of AL. This leads us to the conclusion that the
agricultural sector as a whole acts in a more or less algebraic way. This
means that the values of the output variables are almost immediately
adapted to variations in the inputs, without any delay or lag.
This hypothesis can easily be tested in the following manner: First, the
values of the input variables POP and IO are frozen, and FIOAA and FPC are
more or less constant. Then, a step-function is imposed on POP, IO or both,
and only shortly thereafter FIOAA and FPC will reach their new equilibrium

values.
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Figure 7: Behaviowr of a number of vartables of the agricultural
sector, if a step function is imposed on POP in 13870.

In Figure 7, the result of such a test calculation with the complete

sector model is given. The value of POP is augmented suddenly in 1975.

Within a few years, the new equilibrium values of FIOAA and FPC are

attained and the result fully confirms the hypothesis of an almost

algebraically functioning agricultural sector. Moreover, the figure

shows that the slow changes in the value of AL do not affect the

value of FIOAA and FPC appreciably.

A further analysis was performed to get a better insight into the

effect of variations of IO and POP in the 1975 situation.

It was found

that variations in IO hardly affect the value of FIOAA, but stimulate

FPC. Changes in POP affect both output variables, but total food

production F remains fairly unchanged. This analysis is being continued,

and we hope a more extensive, final report will be available in a few

months.



-269-

CONCLUSIONS AND FINAL REMARKS

It has been shown that by application of fairly simple techniques much
insight into the behaviour of a complex-looking set of mathematical
equations can be gained. A large part of the equations constituting
the World3 agricultural subsystem has no significant influence on
the model results, at least under standard-run and similar conditions.
The basic properties of the remaining part were found to be quite simple:
the sector acts as an almost lag—free link between the population
subsystem and the capital and resources subsystem. Except for AL and PAL,
the state variables exert no important dynamic influences. The equations
for urban—industrial land can be omitted completely, and the land fertili-
ty subsystem can be replaced by an algebraic equation. Furthermore, PAL
and AL can be combined into one state variable, which variable appears
to have an only moderately important influence on the sector's behaviour.
Except for abnormal runs in which a pollution explosion occurs, the in-
fluence of PPOLX is weak, and hence it is concluded that the food
situation in World3, expressed by the variable FPC, is mainly determined
by the behaviour of the variables IO (Industrial Output) and POP
(Population). In the standard run, the decline in I0, caused by depletion
of non-renewable resources and setting in about 2030, enforces a decline
in food production and, consequently, in FPC,

This understanding of the sector's behaviour can be useful for
different purposes. The insight gained permits of explaining why
the model behaves the way it does. It is possible to predict what will
be the sector's outcome if alternative assumptions, or different policies
are introduced into the model, because its working is not counter-intuitive
anymore. The knowledge that the main part of the sector behaves algebraical-
ly makes control studies of the model much easier, since the only dynamics
that have to be taken into account originate from the equations determining
AL and PAL. Furthermore, an important aim of dynamic modelling is to help to
enlarge the understanding of the working of the real system, and a first

step in that direction is the understanding of the model of that system.

Finally, one of the motives to write this paper was to stimulate further
discussion. From the results of our study, a number of intriguing questions
emerge, such as: Do other agricultural (sub)models also display such a

simple set of basic properties, or are they essentially more complex?
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Do they also contain a large number of "dummy'" variables and relations?
Do they also act as more or less algebraic systems? Or is their behaviour
essentially different? And, if so, why?

We hope these and other questions will serve as guidelines and act as

catalysts in further discussions.
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APPENDIX : List of abbreviations and their eaplanation

Al :  AGRICULTURAL INPUTS (DOLLARS/YEAR)
AIPH ¢ AGRICULTURAL INPUTS PER HECTARE (DOLLARS/
HECTARE~-YEAR)

AL :  ARABLE LAND

ALAI : AVERAGE LIFETIME OF AGRICULTURAL INPUTS (YEARS)

CAl : CURRENT AGRICULTURAL INPUTS (DOLLARS/YEAR)

DCPH : DEVELOPMENT COST PER HECTARE (DOLLARS/HECTARE)

F : FOOD (VEGETABLE-EQUIVALENT KILOGRAMS/YEAR)

FALM : FRACTION OF INPUTS ALLOCATED TO LAND
MAINTENANCE (DIMENSIONLESS)

FIALD : FRACTION OF INPUTS ALLOCATED TO LAND
DEVELOPMENT (DIMENSIONLESS)

FIOAA :  FRACTION OF INDUSTRIAL OUTPUT ALLOCATED TO
AGRICULTURE (DIMENSIONLESS)

FPC : FOOD PER CAPITA (VEGETABLE-EQUIVALENT
KILOGRAMS /PERSON-YEAR)

IFPC : INDICATED FOOD PER CAPITA (VEGETABLE-EQUIVALENT
KILOGRAMS/PERSON-YEAR)

ILF : INHERENT LAND FERTILITY (VEGETABLE-EQUIVALENT
KILOGRAMS/HECTARE-YEAR)

10 :  INDUSTRIAL OUTPUT (DOLLARS/YEAR)

10PC : INDUSTRIAL OUTPUT PER CAPITA (DOLLARS/PERSON-YEAR)

LDR :  LAND DEVELOPMENT RATE (HECTARES/YEAR)

LER ¢ LAND EROSION RATE (HECTARES/YEAR)

LFDR : LAND FERTILITY DEGRADATION RATE (1/YEAR)

LFERT :  LAND FERTILITY (VEGETABLE-EQUIVALENT
KILOGRAMS /HECTARE-YEAR)

LFRT ¢ LAND FERTILITY REGENERATION TIME (YEARS)

LRUI : LAND REMOVAL FOR URBAN-INDUSTRIAL USE (HECTARES/YEAR)

LYMAP : LAND YIELD MULTIPLIER FROM AIR POLLUTION
(DIMENSIONLESS)

PAL : POTENTIALLY ARABLE LAND (HECTARES)

POP : POPULATION (PERSONS)

PPOLX : INDEX OF PERSISTENT POLLUTION (DIMENSIONLESS)

TAL :  TOTAL AGRICULTURAL INVESTMENT (DOLLARS/YEAR)

UIL :  URBAN-INDUSTRIAL LAND (HECTARES)

T :  TIME CONSTANT
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Discussion

Meadows stated that she agreed with Thissen's claim that much can be
learned from investigating a simplified version of the major structure of
a model. The standard run of the simplified version may not differ from that
of the original model, the latent structure of the model remaining inactive.
However, it 1s the other runs that deviate from the standard run where the
latent structure becomes active; it is here that the behavior of a simpli-
fied version may differ from that of the full model. Since the comparison
of the different runs was one of the main goals of the venture, this compari-
son could not have been arrived at equally well by limiting the model to the
simplified version.

Thissen agreed that the simplified version can serve certain purposes
and not others. Rademaker added that the construction of such a simplified
model is on the order of magnitude of 1% of the original modeling effort.

He therefore suggested that, as a rule, modelers consider this additional
effort worthwhile. Roberts raised one question concerning the testing of
individual variables by varying them and checking the results: if one has
low sensitivity to a single variable, is it not possible to eliminate it
from the test? There may be combinatorial effects by which individual vari-
ables have low sensitivity. Thissen replied that, to a certain extent this,
too, can be checked better by a simplified version.

Kaya, when asked whether this procedure of simplified versions had been
applied to optimization models, replied that, his group had not yet been
able to find a method for simplifying optimization models. Their study was
based on World II and World III and they were the only well-documented and
available models at the time the project was begun.
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Panel Discussion

(Chairman: Ferenc Rabar)

Cole opened the discussion: I would like to bring together some of the
ideas expressed so far. We have discussed several models which in many ways
are similar and in many other ways different. One can look at their equations
and see striking similarities, yet in the subtle differences there rest dif-
ferent philosophies. The models we have heard reflect all the theories that
have developed from Marxism up to our times. An implicit assumption can be
made that snoner or later we will be able to improve the models to a point
where we can produce some more or less unambiguous policy. There is some hope
that ultimately the right data and the right theory will emerge. The question
at this point is how quickly we might be able to achieve such a theory. There
are several time lags involved. For instance, when the European Communities
Statistical Office input-output tables will finally be as good as they can pos-
sibly be, there will be a five-year lag between the reference period and the
year of publication. Facts like these set an upper limit to what might even-
tually be achieved in a model. In the present state of the art, we are being
pushed more and more into what is publicly called scenario analysis. We recog-
nize that there is a great range of exogenous variables that we do not under-
stand very well, such as population, which in fact has not been discussed in
great detail here; maybe there is simply a lack of sufficiently good theories on
possible demographic transitions. In some models there is the implicit assump-
tion that the demographic transition would come first, through some sort of
birth control policy; and that, once this was achieved, it will be possible
to raise living standards. In other models, a very different view is taken:
only after raising living standards can demographic transitions be achieved.
Of course, the direction of causal relationships assumed is of fundamental
importance to the view of the policies to be advocated. 1If one takes popu-
lation as an exogenous variable, one is forced to choose between forecasts
that range from anything up to 50 billion people down to three or even two
billion people. High or low forecasts are not necessarily optimistic or
pessimistic; for example the Heilbroner forecast, which is one of the highest,
is a Malthusian forecast. Of course, what is chosen is normally some kind
of middle forecast. Similarly, if we look at food per capita we find that
the modeling studies tend to be in the middle range of forecasts, but pictures
vary widely. 1In addition to Bruckmann's remarks on the relation between opti-
mism and pessimism on the one hand and differences in methodological approach
on the other, I might add that nommodeling writers do not aggregate in the
same way; they are much more selective in their approach. A pessimist can
easily select the numerous agricultural projects that have gone wrong, while
an optimist can select a substantial number of projects that have gone right;
and in the implicit production function that one may have in mind, one is
more optimistic or pessimistic than the modelers who have aggregated across
countries or nationms.

The Linnemann model, it seems to me, has a sort of "beggar thy n=zighbor"
theory underlying it: a rather unhappy view of the world, but, as many cynics
would claim, a realistic view. One must impose quite altruistic policies on
such a model which are not in the least consistent with its implicit "beggar
thy neighbor" theory. And this is how one should carry out policy analysis
on the model: every assumption must be reviewed because otherwise one may no
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longer have a consistent theory. If one stepped right back from the model
one might find that many relationships within it no longer hold their original
value. This is frightening to the modeler: having spent a great deal of time
trying to establish a production function, he might find that he cannot be
confident that that production function really means anything. The same
applies to elasticities of demand and a whole range of other determinants.

So whether one likes it or not, in .examining the policies one necessarily
moves into the arena of nommodeling speculative future studies and political
studies that other futurists are working on. We should always be aware that
a possible consensus among modelers may have come about simply because of

the communality of methods and structures.

The difference between modelers and nonmodelers relates also to the
difference between micro-sociological studies and the microscopic modeling
studies which I shall discuss later. I know development economists who con-
sider the whole modeling game completely irrelevant. They concentrate on
the level of the village; it has been emphasized also at this conference that
some value might be derived from linking village studies to global modeling
efforts. From a mere quantitative point of view, however, it would be diffi-
cult to achieve this link. To build a work model that takes into account all
the issues with which people are concerned would, even in a greatly simplified
manner, have to include 100 countries, 50 foodstuffs, and so on. Such a model
might end up with something like 20 to 24 variables, most of which cannot be
measured. So one is forced to focus on one specific issue. If one does so,
however, one must recognize that one is looking at a limited area of under-
standing; and it is somewhat misleading to call this venture a global model.
At best the overall global model we might arrive at may be considered the
conglomerate of all the global models that we possess. However, the properties
of that overall model are different from those of the global models taken
singly. For one thing, it represents a great range of views, and has tremen-—
dous uncertainties that would be almost impossible to erradicate. Hence, I
would hesitate to call it a censensus global model. It might at best be sort
of a medium model, concealing the great variation and diversity that exists
around it.

There seems to be one consensus, namely that with very few exceptions
the models do not seem to hint at any major problem in the foreseeable future;
all the problems are anticipated in the more distant future. I may recall
that Linnemann in his initial exposition sharply resented the notion of
"triage"; and if nothing else emerges from a conference such as this, at
least there should be consensus on a sort of declaration that, in spite of
all the diversity of views the concept of triage should be rejected.

Rademaker also made a few general observations: It seems to me that the
discussion has been handicapped slightly by the different ideas poeple have
about the use of models and their purposes even if they are often not
explicitly formulated. Although the purpose of the conference has been out-
lined clearly, the main aim of agricultural models as related to the future
has remained vague. As Meadows has pointed out, one of the most difficult
questions a modeler can be asked is "Why did you build that model, and what
was its purpose?" There may be pull research —-- people having ideas, lab-
oratories generating new developments, and so forth —-- and in time some of it
may turn out to have useful applications. There is, however, another type of
research, which starts from the desires of people, from possibilities in the
markets, and then works its way back to what is needed to satisfy those needs.
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I wondered to what extent our models are pull models, or models explicitly
designed to serve certain needs. I thirk this should be kept well in mind;
one should not speak about policy alternatives if one has not identified the
recipient of the advice one is going to give, let alone provide the details
necessary for the recipient to make decisions and choices for the future.

Another point I wish to make concerns a sharp distinction between fore-
casting and predicting. One does not need a model to make a prediction.
Any fool can make a prediction; any fool can even make a prediction that turns
out to be right. Forecasting implies thinking about things that may or may
not happen in the future; it implies thinking about the range of alternative
futures. And the outcome of that process of exploring the future will normally
not be the prediction. The outcome may very well be that forecasting cannot
be done with models at all, or that one has been working on the wrong kind of
models and will have to develop others. And the outcome of forecasting with
these other models may again be that one has been working on the wrong models
because one might have been hunting the wrong problem. I should like to
define forecasting as logical coherent thinking about possible futures.

Underlying these thoughts, there is a growing conviction that society is
something that can to a certain extent be designed. We are moving away from
the fatalistic point of view that society develops entirely of its own, has
its own forces of destiny, and that mankind can do nothing about it. We are
moving into an area where -- right or wrong -— we have the feeling we can
design future society, and that again is a justification for thinking about the
future. And yet, I consider it very important to always keep in mind that
what we do when thinking about the future is nmothing but another way of think-
ing about the past. A historian was once defined as a backward-looking prophet.
When alternatives are computed by use of input-output tables, this means
nothing else than going back in history ten years and redoing these ten years
in an alternative way.

I wish to comment on three topics: purposes, recipients, and techniques.
Much of the discussion has proceeded on the assumption that forecasts have
only one purpose. I consider this misleading. One kind of forecast for
example gives a specific warning to specific policy makers; such a forecast
is entirely different from the forecast one may find in '"Limits to Growth".
Another kind of forecast is intended for those planning certain things: a big
irrigation system, some major technological development, and the like. Yet
another kind is applied by the management of a large concern. There is a kind
of forecasting that aims at mobilizing public and scientific opinion. One
must keep in mind the broad purposes of forecasting to understand better why
someone who has been aiming at mobilizing the public may be completely at a
loss with policy makers, or vice versa.

In this connection, I wish to state that recipients have received
remarkably little attention during this conference. The problem of tuning
forecast reception may prove far more difficult than forecasting per se. One
knows from business consultancy that very often the consulting job is unsuc-
cessful because of the various actors involved: the man who ordered the fore-
cast had no interest in it and no power to change things. In agriculture it
may be similar: a government or sponsoring body has the money to ask for a
forecasting study. This isvery often a different body from the body that will
have to carry out the results of the forecasting, which again may differ
from those who have the power to change real life in such a way that we may
be heading for a better future.
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To return to the technicalities: if you want to look back into the past
with a view to the future, you have three mental tools available: theory,
data, and the power of thinking. We are too little aware of the development
of mathematical modeling. A few decades ago, it was not respectable to base
models on anything but theory. Only in the past decade has it become more
fashionable to fill in blank spots of knowledge with statistical or empirical
analysis. Furthermore, it seems to me that one of the big breakthroughs of
Forrester and Meadows' work was to go beyond a certain period and apply the
power of imagination where theory and data were lacking. The strange thing
is that the latter component, the power of imagination, to be applied wher-
ever data and theory are lacking, is the very oldest tool available to man.
It is theory and data that are the newcomers in the field. Both are rela-
tively young. But in the field of mathematical modeling we stand in awe of
theory, we have a high respect for data, and the use of conjecture where data
and theory are lacking is frowned upon by many. Here we find a sharp dis-
tinction between fundamental scientists and applied scientists. The funda-
mental scientists will say: if I do not have sufficient theory and data, I
refrain from giving an opinion. The applied scientist says: there are impor-
tant things to be done, important decisions to be taken; wherever I do not
have sufficient theory and data, I will use my mind to come to a reasonable
and acceptable conclusion. Engineers have been doing that all along, but
rarely in an outspoken way.

We have also not been very clear about whether we are speaking of short-,
medium- or long-term forecasting. Nor would we be able to achieve any workable
concensus if we discussed that issue at great length. It seems to me that we
have spoken mainly about medium-term forecasting. This is a bit easier
because discontinuities, unexpected things that may happen, are less important.
For the same reason, I would claim that mathematical modeling may be most
suitable (or least unsuitable if you like) in the medium-term forecasting
field. In the real long-term, the main interest would have to focus on dis-
continuities; models may help to ascertain certain discontinuities but certainly
not all of them.

When I came to this conference, I had a relatively clear view of the
existing agricultural models. I must admit that I am now almost completely
confused, which means I have learned something about them. The only thing
we know for sure is that every model is wrong, and every approach is wroung,
or at least contains a number of wrong aspects. In this state, consensus is
about the most dangerous thing that could happen to the field of agricultural
forecasting.

Finally, I think we should speak neither of optimism nor of pessimism in
this area. These are categories belonging to journalists, statesmen and
others. What we must try to be is realistic. And if we want to be rebels,
let us be careful rebels, combining compassion with precision.

Rabar added the following: In my opinion there seem to be some contra-
dictions. One concerns the possible consensus., Cole explicitly asked that we
declare our consensus on a few items at least, namely that the technical possibil-
ity exists to produce sufficient food, and our rejection of the notion of triage.
Rademaker,  however, said that consensus is the most dangerous thing we can
imagine. This seems to be related to another kind of consensus. Perhaps we
should discuss this further. In spite of Cole's belief that there is general
consensus that the problems are mainly institutional, I think the mere fact
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that the models are attacking different problems contradicts this opinion.
So may I ask those who built the models: how far do they attack the insti-
tutional problem, and if they do not, is it because they have different
ideas about the main purposes of their models?

Meadows stated: I share Rademaker's opinion. I am emerging from
this conference more confused than before, and I think that is a very good
sign. One is forced to start at the beginning, to ask where do we go from
here? And, may be more important, to ask: what are we missing? So we should
go back and first ask: what is the problem? Having tackled that, we can hope
to get back to what is the best method to attack it. Perhaps the best thing
to recognize is that all the methods we use are necessary, but should be
used with caution. Before we go on to modeling, we should at least under-
stand the differences of underlying opinions. Otherwise, I do not see how
models can help.

Most people will agree that there exists a problem that requires action.
But what actions are required may lead to disagreement. Perhaps the best
way to settle this is to look at the kinds of actions being advocated, because
those who have a model will somehow have to incorporate these policies.

Basically, one set of policies concerns the redistribution of food, or
income or capital or -- some kind of redistribution. Secondly, food can be
produced better, differently, or in greater quantity. A third set concerns
everything involved with controlling population growth. Almost every policy
mentioned so far falls into one of these three categories. And it seems that
there is a certain inclination to focus on one of the three policies and to
neglect the other two. Redistribution, if it could be implemented, would
have a fast effect on the system. Food production takes a little longer, and
population contrnl requires the most time; it may have almost no short-term
effect, but over a long-term, it has a very large effect.

The Linnemann model is directed at redistribution on an international
level. Other models that have not been discussed here deal with various
ways of controlling population growth or of optimizing food production and the
like. Maybe we are to a certain extent jumping ahead of ourselves. Most
probably, a mixture of all three policies will be the most effective and, of
course, there are many connections among these policies. I think most of the
emphasis should not be on each one of these three policies, but rather on
their connections.

As to the political side, people in those countries that would have to
bear the burden of redistribution most tend to look mainly on food production
policies; all around the world one sees very little interest in population
policy. This is the real underlying reason why there was little objection to
leaving population as an exogenous variable. Population is likely to be
left out for the reasons that Cole would like us to form a consensus on.
Since there are no limiting factors in immediate sight, and apparently since
other people believe the population problem will take care of itself in time,
there seems to be time enough and we do not need to worry at all. I just
would like to remind you that a characteristic property of complex systems
is that they are limited by their most limiting factor. Only one limiting
factor is required if everything else is in abundance, to have a strong
influence upon the system. In my opinion, capital will be the most limiting
factor. In the U.S., the energy plan requires at least 507 of all gross
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capital formation over the next thirty years. This may even rule out expan—
sion of food production. Apparently, this is not the time for us to start
asking in detail how to distribute food, how to produce food, but rather what
will be the connections between distribution of food, production of food, and
how will that affect population growth?

Linnemann expressed the following: As regards Meadows idea on the need
to include all the relevant aspects in a good model. I feel it is not suffi-
cient that these aspects be included; there should also be some way of answer-
ing that the assumed relationship holds.

Meadows agreed: To leave out a relationship is the most inaccurate
thing one could do; even a bold guess of a relationship is always better
than an omission of the relationship entirely. The basic question is whether
we feel that the world has to go ahead on the basis of imperfect knowledge or
whether we can assume it to stand still for a while waiting for perfect know-
ledge.

Gallopin commented on the role of models: I agree with what has been
said about this need for many models as a consensus at this time of the
development which is by far too premature. On the other hand, I think we
should not limit ourselves by saying no model is really true, that each model
must have its biases and errors, and is only a particular picture of reality
from the point of view of the modeler. In my opinion, to attain some degree
of credibility and robustness, we must simply work on as many models as
possible and observe whether there is some convergency on the main issues.

Of course, one must avoid comparing only these models that belong to the
same class.

As to policy reconmendations, I share the opinion expressed by Linnemann.
It would certainly be desirable, if possible, to associate through policy
recommendations something like a factor of credibility. If every model came
up with two or three policy recommendations, some of them would be based on
weaker hypotheses than others. So, in principle, it should be possible to
associate with the output some qualitative degree of probability with respect
to the hypothesis. This might prove to be an interesting point of discussion
for future work.

In the discussions at the Conference, there seems to be some form of
concensus that the limits to full production are essentially of a socio-
political rather than of a physical nature. If this is true, the conclusion
might be drawn that there must be policies that could solve the problems and
therefore merit deeper investigations. However it is an illusion to believe
that, in the near future, an inclusion of socio-political factors explicitly
in the models will be achieved at the present state of the art, even though
it would be recommendable. In our model we simply assumed that the political
changes can be implemented, without examining the question of how easy it
might be to carry through these changes. However, I recognize that this is
not sufficient. Another thing we will need in the future is models that
could work with fuzzy, vague or qualitative information. All our models were
derived too strongly from the engineering sciences. It is therefore not
enough to make sensitivity tests, because there are many qualitative vari-
ables which are not included in the model. This inclusion of qualitative
variables will be sufficient since most of us are mainly interested in
qualitative results anyway.
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As to optimistic versus pessimistic projections, I found in my work
that, in most cases, pessimistic projections assumed the complete mainten-
ance of current socio-political constraints, whereas the optimistic ones
assumed that these factors can be changed.

As to the population question raised by Meadows, I agree that this is
a very critical point. We therefore had a well-defined population model
within our model; we tried to show that population stabilization can occur
from increased standards of living and not from enforced population control.
I wish to add that any imposed population control is, and will be, much more
difficult to apply in an underdevloped country than is population control
resulting from production increases.

In our model, furthermore, we did not find that capital proved to be the
limiting factor; the limiting factor simply was the existing political and
social contraints.

Rabar returned to the hypotheses express by Cole-—there is overall
agreement that the food problem is mainly an institutional problem.

Linnemann commented briefly: From our study, it is obvious that insti-
tutional problems are perhaps the biggest ones. T also agree with Meadows
that the three policy directions cannot be disconnected. As to the consumption
side: as long as consumption of food is determined by income levels, one has
to take into account that people in higher income brackets consume more food
because they consume processed food, which is also an institutional aspect,
if you like. So I might say that our group sees the major problems in the
field of distribution.

Gallopin opined: the Bariloche model takes care of all three directions
mentioned by Meadows. We have a population sector, a food production sector,
and a socio-political scenario which is not explicitly shown in mathematical
form, but which enters by assuming an equal distribution for all people.
Furthermore, we show that one cannot control population directly; population
will grow, but will stabilize by itself on a level much higher than the
current level. T would be very much in favor of a model that would include
explicitly the socio-political restraints.

Bottomley inquired: Does one really need to worry so much about these
socio—political contraints. We know that for a long time conferences have
been going on about land reform, rural credit, employment, and so forth. The
recommendation formulation by these conferences might lead the modeler to the
conclusion that if these actually were taken, this would immediately lead
to a different distribution of income and wealth that might alter elasticities
of demand in the world in certain directions. These inputs could be made
readily available to modelers and could be used for modeling purposes.

Kaya agreed that institutional or socio-technical problems can, to a cer-
tain extent, be included in a model. He stated: I think it is more important
to realize that the model is not an almighty thing. Even if we have a good
model, it is impossible to explain everything through that model. Models
will never be able to give exact solutions to problems.

Tarjan noted: Institutional problems are the most important ones.
If, for example, in the Sahel-Sudan region we had done a single model, we
probably would not have been able to identify the sort of institutional
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problems that we did identify in our analysis. Consequently, perhaps our
"model"” should be called the systems approach rather than the single model.
What we have done was to connect several models of the various sectors of
the economy; this could also be dome for global models.

I have great doubts about any particular single model. For instance,
the basic assumption of MOIRA is income and price elasticity of demand and
its impact on production and other factors. Will that still be true five
years from now? Any false implication has high opportunity costs; if we
accept a false implication of any particular model, this means that we for-
go an alternative opportunity. All alternatives of this kind might be for-
gone if one sticks too closely to the implications of any particular model.

Linnemann focussed attention on a few issues previously raised: Cole
and Gallopin have claimed that the basic philosophy of our model was a
"beggar thy neighbor" behavior. Also, I do not think one should distinguish
between optimists and pessimists. I think one should rather speak of a
model reflects reality, whatever the reality is; and if this results in a
pessimistic view, it certainly does not mean one cannot use this result to
introduce a policy to change this realty. One could turn this around: the
only way to have really optimistic solutions is to have a pessimistic problem
statement. So a model should try to reflect or depict reality as accurately
as possible. Therefore, we deliberately did not start developing a model for
any ideal society; our starting point should lie as much as possible in
reality. Of course different people may have different perceptions of
realty; for model builders this is a tremendous problem, but who is going
to tell the model builder what reality really looks like? We felt, however,
that in the fields of agriculture and of agricultural economics there is
sufficient agreement on certain basic principles of mechanisms or theories,
whatever you might wish to call them. On the other hand, we felt that in
other fields such as ecology, the state of the art is comparatively speaking
so undeveloped that, from our discussions with various ecologists, we were
unable to derive any common view, any general principle that we would have
been able to build into our models. That was the reason why we left out most
of these aspects. The same holds for biological and geographic factors, as
well as for labor productivity, food consumption and the like. Nevertheless,
we admit that a model is only a picture of reality and can never be a substi-
tute for reality: it is only a simplification. At best, our model will be
able to be used as a conditional forecast. If we take reality as we see it
today as our starting point, indeed there is a good deal of pessimism in the
model. It is therefore also true that most nations have behaved in what has
been described as a "beggar they neighbor" policy.

Kamrany agreed: We may have different perceptions of reality, but
a scientific approach should be based on more solid ground as to the way it
pursues its work.

Gallopin added the following: One avoids speaking of pessimism versus opti-
mism at large, and should be careful to say in respect to what. We are, for in-
stance, optimistic with respect to thinking that there are no physical limits,
but we are pessimistic about what we think will happen with respect to reality:

I do not really know what reality is. Is it reality to assume the permanence
of political conditions of today for another hundred years from now? This has
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been disproved. Incidentally this is why I think that the inclusion of socio-
political considerations in modeling work is essential.

Rabar observed: We all share the feeling that we should go much more
into the details than our time constraints will allow us. However, I think we
should again focus attention on concrete aspects of our problems. In particular,
two problems seem unresolved: one is the single product assumption made by
MOIRA, and the other one is the real role of prices in the model. Can we make
a comparison of how prices work in different models?

Gallopin objected to the observation that every model presented here
contains these problems. He added: Our model has at least three commod-
ities in the food sector, each of which serves as an indicator for a
broad class of categories. Price in our model is used as a policy instrument
in order to allocate labor and capital in an optimal way to different produc-
tive sectors.

Linnemann made this following point: We have explained at such length why
we limited ourselves to a one-product approach. The main reason is that
disaggregation on the product side requires a description of individual
product markets or of groups of product markets; this might be a rather
cumbersome thing in itself, aggravaged by the fact that input data may not
be specified as to the type of commodity grown. Nevertheless, we feel that
a certain disaggregation would be desireable, mainly disaggregation among
food products and non-food products. This is one direction we should pursue
in our future work.

Rademaker did not think that one should regard the MOIRA model as a
single product model. The model has started with an investigation of the
productior in each country, considering fifty major food crops and then
aggregating them into a single artificial commodity, consumable protein.
At least the production side must be considered, by far, more detailed.

Linnemann stated that as to how far to disaggregate depends very much
on what one is ultimately trying to do with a model. What for some questions
may be a central aspect may be insignificant or less important for other
questions; the basic message about the amount of hunger in the world would
not have been altered substantially by a disaggregation of various commodities.
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Global Modeling of Food and Agriculture:
Background to a Possible Approach*

George E. Rossmiller, Glenn L. Johnson and Martin E. Hanratty**

Since the Club of Rome reports, The Limits to Grow‘rh,1 and Mankind

at the Turning Poinf,2 were published, interest and activity in global

model ing has rapidly increased. These reports were directed at a mass
audience and were intencued primarily to shock the reader into recogni-
tion that major changes are necessary in the various world political,
social, economic and technical systems if disaster is to be averted.
While the reports have served a useful purpose in highlighting a number
of the major issues of immediate concern to mankind, it is now time to
disaggregate and deal with each in much more detaifl.

A detailed analysis of these issues is, at present, hampered by the

lack of an institutionalized analytical capacity at the international
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level. Such a capacity requires a stable core of professionals capable
of amassing, assimilating and analyzing data and information within a
problematic framework. Providing a backstop for such a core would re-
quire the creation of a centrally located worldwide data bank and generallzed
computer software |ibrary capable of supplying both up-to-date information
and analytical models which would be used to provide national and inter-
national policy makers with an understanding of the l|ikely consequences of
alternative courses of action to solve specific problems involving food
and agriculture.

The retarded development of such a multi-purpose capacity can be
linked to the absence of a world governing body direct!y responsible for
analyzing and implementing programs which address global issues. The
creation of such a capacity in the absence of a world governing body
will be difficult because of the importance of extensive interactions
encompassing professionals and policy makers in the contexts of specific
problems. To date the opportunities for engaging in such interaction are
at the national level or with international agencies at the national
level. The following paper examines one such domain, the world food-population

issue, as an initial step in developing a much broader world analytical capacity.

Why An Analytical Capacity is Needed 1o Examine
the World Food and Agriculture Dimension of World Problems

The need for an analytical capacity addressing topics of relevance and
use to decision makers for planning and policy formulation has never been
greater. Rapid changes in inflation and rising food prices, increasing
populations and income distribution are continually posing problems which

must be confronted by today's decision makers. Identifiable problems exist
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when a public or private decision maker, with power to act within the
constraints of his decision-making structure, finds that a situation is
less good or more bad than Is desirable and necessary. When viewed in
this perspective, it becomes apparent that a large number of specific
problems with agriculture, food, population, and nutrition dimensions are
before public and private decision makers. These problems are interrelated
In a socio-economic, polltical, humanistic and technical web within and among
nations. |t follows that no single academic discipline or mode!, however
complex, can deal adequately with the full range of problems which can be
specified. What is needed is a variety of generalized models which will
analyze the complex set of relationships surrounding the food and popula-
tion situation and a capacity to update and develop new models as new problems
arise.3

The need to build models of processes involving agriculture, food, popu-
lation and nutrition arises from the problems with these dimensions which
originate in and are solvable by real-world market and nonmarket changes.
Market forces are continually changing due to changes in population, in-
come distribution, tastes and preferences, weather, technology and other
demand and supply conditions. Nonmarket changes arise from changes in
human capacity, outlook and perspectives, institutions, technolecgies, and
patterns of public concern. Changes lead to problems of resource alloca-
tion, income distribution, and resource ownership. Solutions to these
problems have a multitude of socio-economic, political and human con-
sequences which the decision maker must weigh in his choice of a solution.
Often, particularly when extra market choices are made, decisions will

allocate benefit to some at the expense of others. Such allocations

3A general discussion of the systems that make up or embrace agri-
culture can be found in African Agricultural Research Capabilities
published by the National Academy of Sciences (Washington, 1974).
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usua!ly require enforcasment fo maintain. Selection of the enforcement
strategy which may include aid and charity, political action, threats
or even military action is as much a part of solving these extra-market
problems as the initial process of identifying actions to solve them.

The need for problem-solving analysis and thus models in the inter-
national arena has increased as nations have become more interdependent
and as population, per capita incomes, and the demand for food has in-
creased. The comparative advantages of the productive land, labor and
capital in different countries has made international trade desirable
and, indeed, necessary, especially in food. Some of the problems asso-
ciated with food, however, cannot be handled by the free flow of forces
in the international market. Increasing national populations and Thé
growing use of nonmarket mechanisms in the allocation and distribution of
food provide stark evidence of the growing concern which decision makers
in the excess as well as deficit food producing nations are placing on
food and population. The need for modeling and analysis to design improved
processes for pricing, distributing, storing and managing reserves is grow-
ing and can no longer be ignored.

The urgency of the work has become increasingly evident. Events of
the early 1970s, including the faltering of the green revolution, adverse
weather over major areas of the globe, the U. S. decision to drastically
reduce grain stocks, the abrupt change in Russian grain import policy, and
major disruptions in the world pefroleum and financial markets combined
to endanger the tenuous margin of safety which existed in the world food-
population balance. These events have led to drastic increases in the

costs of agricultural inputs--primarily fuel and fertiiizer, short supplies
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of food commodities, sky-rocketing agricultural prices, volatile commodity
markets on a world scale and an inability of the poor countries to pay
for the larger amounts of food, petroleum and modernizing inputs they
desire from world markets.
The press of rapidly increasing populations on the agricultural
resource base is also recognized as an important dimension to many
problems. In 1974 two major international conferences were held concern-
ing these issues. The first was the World Population Conference. A major
question arising from this conference was whether population controi and
declining rates of population growth are a prerequisite tfo or a result of
economic and social development. Even though little empirical evidence
exists to support either position, most delegates chose to accept the
hypothesis that declining rates of pqpulafion growth are a result of
development and called for increased efforts on the part of developed
nations %o support LOC development. In addition, the conference adopted
the proposition that family planning and information services should be
available to all people as a human right. Many countries, however, are
unwilling to act. The second conference was the World Food Conference in
Rome which recommended a worldwide food intelligence network in which countries
would provide data and information on short-term outlook of food production
and stocks. Such a network would provide an early warning system to pinpoint
impending local food stock shortfails to allow time to avert localized
disasters through food allocations from a proposed world food stockpile.
Thus, the events of the early 1970s and the two major worid conferences
stress the need for better information and analysis of world food production

potentials, population control possibilities, and their interactions.
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To a significant extent, the aggregation of individual national policies
relating to population and food will determine the relative rates of
change, the levels, and the regional disparities which will exist among
these variables in the future.

The modeling and analytical capacity called for below can provide
additional information about these variables in the short (1-5 year) and
intermediate (5-20 year) range. |t would be valuable to both national
and international decision makers in organizations such as the U. N., FAO,
World Bank, the Regional Investment Banks, as well as bilateral donor
agencies such as AID. In most cases the modeling capacity would not
provide national decision makers with detailed information concerning
the domestic consequences of policies and planning done within their
nation. It could, however, provide information on the external effect
of individual national policies to both the national decision maker and

others in the international community.

Past and Ongoing Modeling Efforts

Several food and agricultural modeling efforts are now underway
through FAO, World Bank, USAID and under individual country auspices.
Most focus on the domestic consequences of national policies and planning.
While they are important and valuable for policy analysis within nations
and provide the basis for limited conclusions concerning the external
effects of domestic policy, they fall considerably short in providing
basic external information for analyzing the interdependent effects of
national policies between nations in the needed global perspective.

At the other end of the modeling spectrum are the efforts character-

ized by the two Club of Rome reports. Due to the complexity of each of
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the major issues confronted in these models, to say nothing of the
complexity of their interactions, these two modeling efforts were kept

at a global or regional level without national detail. This level of
analysis however has serious drawbacks. Problems posed at such levels
are not within the domain of influence of any existing policy decision-
making body. Thus, there is no regional or world government capable of
developing policy and planning directions needed to confront the problems
as enumerated in the reports.

Several important lessons can be drawn from these modeling efforts.
First, to be of operational use, a global model of food and agriculture
must necessarily be aggregated from specific national level components
capable of assessing the internal and externa!l consequences of national
planning and policy efforts. To build operationally relevant models,
analysts must interact with decision makers who have the authority and
responsibility to formulate and carry out policies and programs which
affect the values of the major variables of concern. Continuous inter-
action during the model-building process is required so that the knowledge
of leglstators and government officials can be combined with the skiils of
the mode! builders and analysts. At the world level, analysts have no
effective legislative or executive world bodies with which to interact.
Even the FAO analyst 1s deprived of the opportunity to interact with a
world government having responsibility for implementing solutions to
problems involving agriculture, food, population and nutrition.

Second, at least in the first round, a model of food and agriculture
should not attempt to address in-depth interrelationships with the
environment, energy, industrialization and other major areas. Rather,
the focus should be on food and agriculture with the model structure

being formulated to allow for future linkages with detailed models of these
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other areas as resources become available and as theory and new knowledge
are developed. |t is imperative to project the effects of changes in
energy, the environment, the natural resource base and population. The
initial conceptualization of the model should introduce these changes as
exogenous variables or shocks fo the food and agricultfure sector.

Third, while a global model which simulates a scenario over a future
time span of 100 fo 200 years is useful to draw attention to the major
issues and gross interrelationships involved, it does not address the
consequences of short-term policy adjustments which may be required in
various parts of the system. To accomplish this goal a time span ranging
up to 20 years is more realistic.

Fourth, the model structure should be able to deal with national
and regional differences in the distribution of productive capacity
and poputations. In a hetercgeneous world shortfalls of food, while
numerous, are small and perhaps randomly distributed through space and
time. Consequently, malnutrition, starvation, disease, war and socia!
unrest occur more or less continuously. The continuous adjustment of
population to changes in productive capacity and food supplies occurs in
the absence of catastrophic famines and social upheavals.

By contrast a highly homogeneous world would be characterized by a
small number of very large scale famines, pestilences, social upheavals
and major wars. Population adjustments in a world characterized by These
major shifts in productive capacity and food supply would be made up of
large disasters occurring at single points in time over wide geog%aphic
areas unless a world social or governmental control system maintained the
required population-food balance. Fostering equity considerations might
be another function of a government. 11 is extremely important in develop-

ing a model of world food and agricuiture that the inferrelationships
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among heterogeneity and homogeneity, social and governmental control
mechanisms and the biological control methods be considered in the context
of either a growing or deteriorating capacity to produce food.

Fifth, when food and population are viewed as aspects of a larger
set of problems, it is apparent that specific models or mode! modifica-
tions are needed for each problem.

Sixth, it is clear that general models are needed. The word general,
however, has a variety of meanings. When used as an adjective modifying
approach, it means that the approach is unrestricted with respect to:

(a) types and sources of information (multi-discip!inary), (b) philosophic
orientation (capable of dealing with positive, normative and prescriptive
knowledge in the context of a particular problem), and (c) technique (i.e.,
capable of using nonmaximizing or predictive as well as maximizing or
prescriptive models). For example, economists using static optimizing
models cannot solve the world grain management problem by themselves. Nor
can agronomists solve the food allocation problem with genetic models

that continually increase crop yields with high costs and high risk inputs.
Instead, both disciplines in conjunction with many others must join their
disciplinary theories, methodologies and information into generalized
models which encompass the unique domains of the specific problems being
addressed.

The word genera! is also used as an adjective to modify the word
model. A general model has a capacity to handle more than one specific
problem without major modification. The more modification required in a
model in order to transfer it from one problem to another the less general
it is. A global model of food and agriculture would have fo be general

enough to handle a fairly broad class of problems faced by the international
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and national agencies concerned with solving these problems, without
ma jor modification.,

Due to the complexities of the issues, the problems which confront
decislion makers will fall outside the capabilities of the general model to
greater and lesser degrees. Thus, in order to be general, a model should
be constructed of components which can be disassembled and reassembled to
address the domains of specific problems, perhaps in a set. The process
of dlisassembling and reassembling models to represent different domains
requires: (1) a software library in which components can be stored and
made readily available, (2) a data bank, and above all, (3) a stable of
competent system-simulation personnel capable of disassembling and
reassembling the components of the models to address specific problems.
The team or stable of experts should be disciplinarians with enough
command over system-simulation techniques to bring the theories and data
of their disciplines to bear on the problem of modeling the domains of
specific problems. At times the team would merely reassemble existing
components; at other times, it would undoubtedly be necessary for them to
develop new components. New components may often be important pieces of
social capital which should be placed in the software |ibrary and pre-
served for use by subsequent persons building models of the domains of
other specific problems.

Experience has shown that models of the domains of specific problems
are useful in finding solutions. The solution sought, be it an individual
act, a project, a program or an overall policy, represents, in some sense,
the best of the set of open alternatives available for solving the problem.

The search for a solution, however, does not mean that optimizing models
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are to be used Initially without regard to the processes of establishing
the preconditions for finding the besf.4

The first such precondition is the acceptance of a common denomlnator
in terms of which the "goods" belng sought and "bads" being avoided in
solving the problem can be measured. Unti! such a common denominator
Is available there is no single objective function to maximize in defin-
ing and locating the best. The second precondition--really a special
case of the first--is that the common denominator selected must have
Interpersonal validity. This is necessary if choices are to be made
among alternatives which impose damages on some while conferring benefits
on others at the same or different points in time and space. The third
requires that the alternative actions, projects, programs and policies
being considered be placed in the order of their decreasing excess of
"good" over "bad" per unit of bad, as measured by the common denominator
selected in one and two above. The fourth and possibly the most difficult
is the acceptance of a decision-making rule to be employed in choosing
among alternatives. |f perfect knowiedge is assumed, the obvious rule is
to subtract bad from good and maximize the difference. Under the assump-
tion of imperfect knowledge a number of rules may be used including minimax
techniques, random selection, the maximization of the present value of
the expected future net difference between good and bads, etc.

Generalized system simulation models provide arrays of performance

variables that can be used to measure the consequences of alternative

4Addiﬂonal comments concerning the problems associated with establish-
ing the preconditions for selecting the best set of solutions to a problem

Agricultural Sector Analysis, (East Lansing: Michigan State University,
1971), pp. 17-20 and Rossmiller, et al., Korean Agricultural Sector Analysis
and Recommended Development Strategies, 1971-198%, (Seoul: Agricultural
Economics Research Institute, East Lonsing: Michigan State University,

1972, pp. 32-356.
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courses of action. The discussion of these arrays amongst interested
parties along with further modeling, often leads to the establishment

of the above preconditlons for declsions,

After the model has been used iteratively and interactively to help
establish these preconditions, it can be modified and placed in an optimi-
zation mode to assist in locating solutions to the problem. Such cautious
use and development of a model in a problem-solving process is far
different than the use of |inear programming, econometrics and other
models which elther maximize or assume maximizing behavior. The premature
use of such maximizing models shortcuts the important iterative, interactive
process of investigating the problem and generally leads to a creditability
gap between researchers and decision makers.

In creating models, two uses should be kept in mind. A model will
sometimes be used to represent the phenomena which take place in the
domain of the problem under investigation. When operated in this mode, a
model is used to reproduce past activity, to describe present activity,
and o project future activity under the assumption that a system is not
substantially modified. A second use of models is a "design mode." |In
this case, substantial changes are contemplated in a real-world system
containing the domain of the problem under investigation. The objective
is one of designing a new system which will solve the problem. With
respect to food and agricultural problems, design alterations or modifica-
tions include changes in agricultural technology, the institutional structure
of the systems including institutions for implementing different decision-
making rules and the redistribution of ownership rights and privileges,
etc., as well as changes in people themselves through education and
incentives to influence their productive capacity, their motivations and

their likes and preferences. It is important that global models for food
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and agriculture be capable of being used in the design mode if the many
complex problems involving food and agriculture are to be solved in the

decades ahead.

Objectives for a Food and Agricultural
Global Modeling Capacity

Both short- and long-term problems concerning agriculture are now
being considered by such bodies as the World Food Council, FAO and the
muttilateral and bilateral donor agencies. Their short-term focus
centers on where and in what magnitude food supply shorftfalls are likely
to occur in the next one to five years. The World Food Conference has
recommended that an information gathering and early warning system be
formulated in conjunction with a world food stock program to assist
policy makers in setting market and non-market policy to dampen the
effects of these short-term fluctuations. A model of such a food stock
program could provide planners and policy makers with answers to a variety
of short-term questions such as: (1) what should be the size and com-
position of a reserve, (2) how should allocations from the reserve be
made, (3) where should the reserve be held, (4) should recipients purchase
grain from the reserve or should it be given free, (5) who should finance
storage and transportation, and (6) should grain be purchased from the
international markets or should governments plan for area expansions with
the surplus going into reserve.

A set of long-term questions relevant to problems with food
and agrarian dimensions deals with the food-population balance over a
5 to 20 year time horizon. These would have to be handled by modified
versions of the model. Such versions would have to deal with a wide

array of planning, investment and policy variables under the discretionary
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control of national governments. For example, if 70 percent of the world’'s
population is currently at a subsistence level, what are the tradeoffs
between research efforts directed toward controlling population growth
versus technological innovation intended to increase food production.

A model designed to answer such gquestions would provide valuable informa-
tion to decision makers in such areas as the allocation of monies for
research and operational programs, the utilization of the international
technical research centers (iRRI, CIAT, CIMMYT, I|{TA, etc.) and the newly
established International Food Policy Research Institute. With full
recognition of the distinction between the short- and the long-term, a
modeling capacity can be developed which will handle both.

In 1964 an eminent British economist, Richard Sfone? predicted that
by 1984 a computable model of the economy of any country in the world
covering the major aspects of economic and social |ife would be an
established part of the machinery of economic activity. In 1974, with
ten years still to go, we are capable of building such general models
and linking them together on a world scale. However, no single problem-
solving model can be built to solve all the world's problems as each
specific problem has a more or less unique domain. |t is a modeling
capacity not a model that is needed. To repeat, this implies components
and a stable of problem-oriented systems modelers to interact with
decision makers in defining and solving specific problems. The required
model ing capacity must be flexible and adaptable enough to refiect the
changes in different real-world systems. |In addition, it must be adaptable

to the different domains of changing problems. When the solution requires

5Richard Stone, '"Computer Models of the Economy," Vol. |l of The
World in 1984, ed. Nigel Calder (2 vols.; Baltimore: Penguin Books,
1964), p. 56.
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creating a new decision-making unit, the model should be designed to find

alternative ways of getting from the present structure to a more desirable

future configuration.

With the above in mind, the objectives of developing a general purpose

model of food and agriculture as part of an analytical capacity might be

as follows:

1)

2)

3)

4)

5)

to project the food-population balance position gliobally and for
selected regions and/or countries over a 1-5 year future time
horizon,

to project the food population balance trends globally and for
selected regions and/or countries over a 5-20 year future time
horizon,

to assess the long- and short-run consequences resulting from
the introduction of new alternative sub-systems within the food-
population model which focus on specific problem domains,

to assess the consequences of alternative national policy options
on the existing or a specified global food and agricultural system, and
to assess and project the various inputs required by the world
agricultural system under the various sets of sub-systems and

policies selected above.

A Possible Model Structure

As

with any simplified representation of the real world, a general

model of food and agriculture must be based on sets of behavioral assump-

tions.

is that

One characteristic which seems to be common amongst all natlons

nations adopt policies concerning food production and utlllzation

which foster their own self-interests. Extending this basic premise to

include

descriptive information about the values which influence a

nation's adoption or rejection of specific policies is one of the tasks
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which must be done before an optimum set of policies can be designed.
Though complete modeling of the !|inkage among these values and specific
national food production, supply and utilization policies is probably
impossible, partial modeling is required for the design, eventual adoption
and implementation of policies.

Public policies affect constellations of values through their influence
over human actions. |In so doing, they play crucial roles both at the national
and international level in determining the outcomes of the world food
system. The modeling of such a system must allow for the incorporation
of a variety of exogenously determined policy variables. The risk and
uncertainty associated with policy decisions often make it desirable for
the output generated by the model to be probabilistic rather than deterministic.
The broad conceptual model presented below attempts to unite the |inked
structural components which exist in the world food and agriculture system
with a number of exogenously determined policy components which affect that
system.

To develop the structure of a general model capable of examining
problems within the world food-production system, several basic relation-
ships must be examined. Where specific data and knowledge exists, these
relationships can be of a causal nature. Where data and information is
not available, predictive equations can be used. The initial conceptuali-
zation of the system must by necessity rely heavily on the more generalized
intuitive and predictive relationships. As design efforts proceed to
second and third generation attempts, a conscious effort should be made
to isolate the more significant trend relationships within the system and
to expand and articulate them in a more causal mode.

The basic relationships which are incorporated in the present con-

ceptualization fall at two levels. At the national level these include
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the supply and demand conditions surrounding the production and consumption
of basic food.commodifies and a set of accounting identities which define
portions of the system structure in which the basic parameters are known.
They are designed to measure the structural response of internal surpluses
or deficits on internal production and external flows of commodities.

At the international level, the components of the system examine the flow
of key commodities between countries both commercially and as aid. |In
addition, a series of international food balance accounts similar to those
maintained at the national level monitor world food levels and indicate
highly aggregated levels of policy concern. A block diagram depicting
such a formulation is presented in Figure 1.

For simplicity, neither the diagram nor the explanatory remarks which
fol low address the question of regional food balances. The importance of
this level of aggregation as attested by the impact of the agricultural
policies of the European Common Market cannot be discounted and can easily
be incorporated into the present model structure with a minimum of additional
effort.

The supply of agricultural commodities at the national level is
a function of the food supplies generated internally through present or
past domestic production with possible supplementation by commodities
imported via commercial purchases and/or food aid. Under normal conditions,
the vast majority of agricultural commodities available for internal
consumption will be generated by domestic food production. In most countries,
data restrictions will require the use of a simple yield multiplied by area
estimating procedure to arrive at estimates of yearly commodity production.
Whenever more sophisticated methods have been developed at the national
level, these should be used to replace the more simplified yield and area

formulations.
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Over time domestic output of agricultural commodities increases as
the agricultural land base increases or as yields Improve. Change in
t11lable area depends on three components: +the rate at which multiple
cropping practices are incorporated into the agricultural production
system, the rate of flow of public and/or private capital investment
committed by international and internal sources to land and water develop-
ment projects,and the rate at which agricultural lands are being converted
to nonfarm uses due to the increased demand generated by urban expansion.

The development of estimating procedures to predict changes in yields
pose a much more complex problem than those associated with estimates of
tillable area. Both the variety and intensity of factors ranging from
specialized research, to improved farm management practices, to improved
seed distribution systems all have some effect on yield. The level of
involvement which a particular nation undertakes in providing these factors
Is dependent upon the divergence between actual food production levels and
national food production goals. The greater the divergence, the greater
the effort to provide programs directed toward improving internal yields.
Funds for such programs may be generated either at the national or inter-
national level. Involvement of international organizations in the funding
of such programs increases as the divergence between actual world food
production levels and those necessary to maintain the existing world
population increases.

The level of (nternal demand for food in any given country is
directly related to the size of the population and the level of per capita
income available for food purchases. In purely physical terms, as the
population of a given country increases, the amount of food required to

maintain it also expands. The rate of population growth is influenced
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by two basic factors: the natural birth rate and the natural death rate.
In this initial formulation, net migration rates are not included under
the assumption that they do not play a crucial rote in determining a
country's population level. Such an assumption may need to be revised

in subsequent design rounds on a nation-by-nation basis.

With reépecf to birth rates, empirical evidence co!llected in both
developed and developing nations tends to indicate a high correlation
between increasing per capita income levels and decreases in the natural
birth rate. The rate of decline inbirth rates, although highly dependent
upon income, is also assumed to be dependent upon the intensity of birth
control services. The level and intensity of birth control policies at
the national level is influenced by the degree of consistency these
policies have with internal social and political conditions and the level
of Internaticnal support made availabie for such policies. The greater
the divergence between food production and consumption, the greater will be
the support for birth control policies. Internal financial support for
such programs may be acquired by shifting funds away from public health
programs to national birth control programs. The intensity of such
programs will have a twofold effect on the birth rate in any given country.
First, it will lower the point on the per capita income scale where a
decline in the birth rate begins; and second, the higher fhe level of
such programs, the greater will be the rate of decline.

As improved medical technology has become available to a greater
number of people, the overall death rate throughout the world has dropped.
It is assumed that as per capita income increases, the supply and intensity
of public health services will also increase. Increases in these services

may be affected by internal and/or external support of birth control
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programs. The decline in the overall death rate generated by increased
public health services is expected to be partially counteracted if a
decline in the general level of nutrition occurs. This concept is
incorporated into the model through the calculation of an endogenously
determined starvation rate. This rate is dependent upon a number of
factors such as the minimum nutritional level required to maintain
survival, the amount of food available for consumption measured in
calories and protein, the price of food measured in dollars per calories
and protein, the overall| income distribution, and the urban rural-popula-
tion distribution. Such a formulation assumes that as the price of food
increases, persons in the lower income groups will experience a greater
decline in their effective demand for food than those in the higher income
groups. This decline will be unevenly distributed across lower income
groups with respect to location. Some living in urban areas will migrate
back fto rural areas where food will be more plentiful, while others with
rural ties will be able to augment their declining nutritiona! level with
food "aid" packages solicited from rural donors. Others who cannot migrate
and have no rural ties will be extremely vulnerable and will be forced to
accept nutritional levels below those required for subsistence. Thus,
the death rate amongst the urban poor and especially the children of the
urban poor will be more sensitive fo changes in price than that of upper
and lower rural income groups and upper urban income groups.

National policies governing birth control, public health, internal
crop production, and internal public investment are closely linked to a
nation's food balance situation. In surplus producing countries the food

allocative decisions are made on the basis of maintaining acceptable
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domestic prices, the use of a fixed budget for food aid, and the extent
of pressure for commercial exports. In deficit producing countrles these
decisions depend on acceptable domestic prices, pressures on foreign
exchange, which may be used for food importation and on ability to attract
food aid.

The model defines and monitors the dynamics of the food-population
situation in both deficit and surplus nations through the employment of
a food balance account. This accounting mechanism which formulates the
structure of the system provides two basic types of statistics, one which
measures the absolute level of food being consumed in a country during any
given time period, and one which measures the level of food self-sufficiency
as indicated by a positive or negatlive balance. When a nation compares
internal production with internal consumption and arrives at a negative
balance, a number of policy options are available. |t may choose to adopt
policies which foster internal homogeneity (equity) by supplementing inter-
nal stocks with commercial imports, imported food ald or a combination of
both. Such policies ftransfer real income through their downward pressure
on price. Commercial imports are constrained by the level of foreign
reserves held by the country and the policies governing those foreign
reserves. Nations which estimate that they are unable o erase negative
food balances via participation in the worlid market because of foreign
reserve balance contraints may furn to imported food aid as a supplemental
source of food supplies. The amount of such aid will depend on the food
aid policies presently held by the nation and past alliances which have

been forged with food surplus nations.
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A second set of policy options which foster the concept of national
heterogeneity (stability) falls under the general term of triage.6 Nations
may explicitly or implicitly maintain a negative food balance by not aug-
menting internal production with imports and allowing commodity distribu-
tion to proceed via domestic market price or institutional reguiations.
Under such pollcies the incidence of death due to starvation and related
ilInesses increases, foreign reserve balances are maintained for use in
purchasing alternative Imports, and the level of social and political un-
rest generally rises, Policies of this nature are not solely limited to
deficit nations but may be followed by food surplus nations through
policies which limit food aid or by international organizations through
policles which Iimit research and investment funds. In the long run
nations that have experienced initial negative food balances, (internal
production less than consumption) will be moved by the need for political
stability and food self-sufficiency to institute or increase the level of
internal programs to remedy the food balance situation. Such programs
may take the form of increased governmental expenditures in areas such as
birth control, improved agricultural factor supplies, and public invest-
ment in agriculfural infrastructure. The linkages between these policies
and their effect on heterogeneity, homogeneity, equity, and stability
within nations is a critical issue which must be articulated in depth In

future model ing rounds.

6The concept of triage was first used to describe the sorting process
used In treating wounded soldiers. First priority went to those who were
able to return to battle, second to those who were to be excavated and last
priority to those fatally wounded. In the context of the world food situa-
tion, it refers to the sorting of national population groups or nations via
pollcy design or rules of status quo. An excellent example of the implica~
tlons of the concept in this context is found in Garrett Hardin, "Lifeboat
Ethics, the Case Against Helping the Poor," Psychology Today, 9 (September
1974), 38.
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If a nation experiences a positive food balance situation (internal
production greater than consumption), excess supply may simultaneously
flow to three destinations. Part may be used to augment internal food
reserves which are used by the nation to contro! its own internal price
structure and to guard against future contingencies. The remainder of the
surplus will be sold, if possible, on the international market. Such
surpluses flow to nations who are willing and able to pay the going market
price. Sale of such commodities continues until the price received for
the commodities Is equal to the cost of production plus the cost of storing
the excess supplies. Both production and storage costs are assumed to be
highly contingent upon the mix of export policies adopted by the surplus
nation. |f a positive food balance remains after the demands of internal
food stores and commercial exports are satisfied, the remaining stocks
will be held in carry-over stores. Such stores are the major source of
food aid provided by the surplus nation. The greater the level of such
stores, the greater the holding costs and the more agreeable a surplus
nation is in providing food aid. In addition, the greater the level of
these internal stores, the greater the nation's involvement in internal
crop production policies and internal public investment decisions aimed
at limiting excess supply. The movement of food from these stores in the
form of food aid and the designation of the recipients of such aid will
depend on the foreign aid policies of the donor nation. Such policies are
contingent upon the level of food aid earmarked for particular countries
In the past and the degree of the negative food balance exhibited by a
given deficit nation,

International food balance accounts similar to those developed at the
national level will be generated by comparing the international supply

with the International demand for food. Such a system of equations which
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defines the world food system should be formulated to examine the concepts
of homogeneity, heterogeneity, equity, and stability at the international
level. Within this structural component the international supply of food
is assumed to be dependent upon the level of food aid and commercial export

which occurs during any given time period. The international demand for

food, in turn, is dependent upon the level of commercial imports and imported

food aid required by deficit nations during any given time period. The

international food balance account compares the international production
with international consumption to arrive at an index of the international
food situation. |f world food consumption exceeds world food production,

it is assumed that international organizations such as FAO, the ford

Foundation, etc., will be encouraged to provide either uniform or selective
support for programs which will affect the birth control and public health
policies of selected food deficit nations and programs which will funnel

technical and financial assistance into international public investment

and crop production programs. {n addition, by simply summing international
and internal production and consumption for various commodities across all
nations, the international food balance account will be able to provide

a picture of the absolute level of world food supplies.

In the model the food balance accounting mechanism must begin and end
each time period at zero. Nations which experience positive balances will
move toward a zero balance by depleting excess supplies through commercial
exports, allocations of food to internal reserves, and through the creation
of carry-over stocks which may or may not be used for food aid. Nations
which experience negative balances may choose to augment internal deficits
via commercial purchases. food aid or to follow a policy of triage. The

existence of negative balances will result in deaths due to starvation.
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These deaths generate a decrease in food consumption which will return the
balance to zero.

It has become evident that nationa! and international policies are
extremely important in the conceptualization of the world food system.
The above description has referred to a number of policy sets which might
be used to affect change in various system components. These sets of
policies have included such items as public birth control and health
policies, international and internal public investment policies, inter-
national research investments and internal crop production policies,
internal market control policies, commercial export policies, foreign
aid policies and food reserve policies both in the food deficit and food

surplus nations.

Toward a Medel ing Capacity

The model outlined above has been conceptualized at a rather aggregated
level relative to the detail required to make it operational. The modeling
Job implied is much larger and more complex than might appear in Figure 1.
To develop an operatlionally useful model, both a modeling and an analytical
capacity are required. The steps required to build a capacity for modetling
and analyzing to solve problems are nelther obvious nor easy. Several
necessary components, however, can be identiflied. First, is a core team
composed of trained disciplinarians with an affinity, an ability, and a
willingness to work as members of a group. The basic structure of the team
should include systems scientists, economists, and agriculturalists. Additional
support, as needed, would be provided by demographers, sociologists, political
sclentists, public administrators, and a broader range of agricultural
technical scientists. Its structure and location should facilitate

tinkages to decision-makers and to support units necessary for its
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functioning. Internal organization should be conceived and designed to
facilitate both model development and problem analysis.

Major support units including a computer and library system should
be developed. The computer system includes both hardware and a growing
library of software routines and components usable by, and in many in-
stances developed by, the multidisciplinary team. A centrally located
data bank and information system pertinent to worid food and agriculture
should be developed in such a way as to insure easy retrieval and updating.
In the initial modeling phase, major data sources would include organizations
such as FAO, USDA, and the Population Council. |In more sophisticated
modeling rounds, a greater and greater amount of individual country data
would be necessary. At this point, an ability to tap into country-level
data acquisition systems and to work rifh country-level analysts would be
crucial.

It is obvious that the ultimate scope of the work outlined in this
paper is far greater than might be presumed at first glance. A truly
Herculean effort is required to accomplish the task in the detail required
by the problems at hand. A building block approach is imperative. And
phasing is required. The first phase is to conceptualize and build a
global food and agriculture system model based on national components
and the approprlate |inkages at the international level. This will lead
to a second phase in which linkage with individual national research and
decislon-making bodies is accomplished for more detalled conceptualization
and more sophisticated modeling on a nation-by-nation basis. Intense
model development will |ikely be required over at least a 10-year period,

with institutionalization into the decision structure at national and
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international levels becoming an important activity in the later half of
the period. The model components should be viewed as capital stock to

be used, adapted, and updated for continued analysis for many years into
the future. As one set of problems is solved, others will emerge requiring
analysis and solution. Onity a major international cooperative endeavor
will be able to institutionalize the modeling capacity and develop the
appropriate models to meet present and future challenges. The clock is

running. |t is time to begin.
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Modelling Food Production:
An Attempt to Assess Various Approaches*

Adolf Weber

ABSTRACT

The first part of the paper gives an overview of how different disci-
plines try to relate, and model food production. The main emphasis is not
so much on formal properties of global models, but rather on comparing and
contrasting different approaches, in order to be able to better assess their
potentialities and possible limitations for further work.

The second part presents a cross—-section analysis of population density,
prevailing protein consumption pattern, fertilizer input and income per unit
of land for more than 100 countries.

In the third and final section, some conclusions are drawn from the
graphic analysis of part two with regard to further developments, in par-
ticular by comparing the Federal Republic of Germany and Kenya. The author
concludes that it is absolutely essential that consumption of fertilizer and
complementary inputs in Kenya be increased faster than the demand caused by
population and by income growth. Every economic and research policy that
reduces the real price of energy will, of course, help to increase food
production per capita. Less energy-intensive production methods should be
researched as matters of great urgency. Success will ease and remove some
of the pressures exerted by high energy prices. In the author's view, how-
ever, a higher growth rate in food production will most likely result from
an expansion of the use of energy-intensive technologies. Man's progress in
science and the continued search for ways to exploit the inherited but limited
energy capital are the weapons for winning the battle against hunger, malnu-
trition and associated problems.

+To be published in the Eastern Africa Journal of Rural Development.
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Discussion

Bottomley referred to the suggestion by Rossmiller, supported by Weler,
and by the chairman of the council, namely to set up a systematic data bank
in this field. He considered this suggestion important, and wished to for-
malize it along the following lines. He proposed that IIASA try to provide
the following:

1) Computer or information scientists, for a period of three years, who
might initially work only part time. Full time employment might cost
up to $100,000 which would require a foundation; part time service could
involve an existing IIASA staff member, which might be more appropriate.

2) A library of computer tapes appropriate to world modeling that included
not only agricultural modeling, but also world modeling in general; the
data provided could be obtained by mail or by computer network.

3) The computer scientists mentioned under 1) above should try to persuade
different modeling groups to provide tailor-made information to other
groups. This could result in a mutual exchange of services among par-
ticipating groups. Once a ITASA data bank is created, all contributors
of the bank should try and build up credit by providing information, if
necessary tailor-made. The data bank will be as good as its contri-
butions.

Rossmiller supported the idea; however, he suggested that it be con-
sidered a part time venture. To keep the software packages updated and to
keep the data bank current requires a substantial staff and supporting
organization as well as much planning.

Millendorfer strongly supported the idea of the data bank, but added
that he would like to see its scope extended to that of a formula bank. Very
often, scientific groups in some countries arrive at relationships between
one dependent variable and several independent variables; this relationship,
if made available to other scientific groups, could prevent them from large-
scale misallocations of resources. One example would be to collect the
studies of the relationships on fertilizer input and the agricultural pro-
duction in different countries.

Bernadini stated that he did not wish to speak negatively about the idea
of a data bank as such; however, he wondered whether ITASA would be the
appropriate institution. If ITASA were to undertake data collection to such
a large extent, it might absorb all its other activities. Kamrany added that
experience with many data banks has shown that they are very expensive and
by no means used as much as one expected. De Hoogh drew attention to the
fact that one type of data bank has been in existence for a long time,
namely that of the FAO in Rome; it is an open institution and one can obtain
all types of information desired. Of course, data are not complete, but
it is a useful beginning.
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General Evaluation

(Chairman: Gerhart Bruckmann)

Bruckmann invited Keyzer to discuss the question of the use of cross-
sectoral data. Keyzer explained his idea: problems may arise when a non-
linear function is estimated on a country level, and is used on a regional
level. Even more problems arise with section estimates, especially with
respect to the cost and the dynamics of the system. While this may sound
technical, these aspects are normally neglected in the discussion of models.

Cole admitted the seriousness of the problem; since the data base is
often weak, one should view it in its proper context. The use of cross-
sectional data for forecasting purposes implies that more less developed
countries will follow the patterns of the more developed countries; this is
where the problem eventually lies. Even if this were true for the less
developed countries, what can be said about the more advanced countries?

Millendorfer drew attention to the fact that in his investigations of
cross-sectoral data, he and his associates were able to distinguish clearly
four major groups of countries with a surprisingly large homogeneity of
production functions. The criticism of other speakers was valid but often
one has no other choice; one needs to rely upon what limited empirical in-
formation is available, and to get as much information as possible.

Bernadini and Cole felt that perhaps it is best to apply a mix of cross-
section and time analyses wherever available. Cole added that one should set
some bounds to the degree of success that might be ultimately achieved.

Keyzer added that more attention should be given to the predictive value
of models. The falsification criteria are not only in the realm of the
causal insights they provide, but one needs to further examine the reasons
why so many of the present models work so poorly, and why for instance in
the U.S. a simple model in the monetary field works better than more compli-
cated models.

Batteke stated that a number of problems reamined unsolved: the first
one was directly related to Keyzer's last remark. The predictive value of
models has often been poor, because one neglected certain quantum jumps owing
to synergistic effects. One example, the Arab oil crisis brought about a
speed limit on U.S. highways of 55 MPH, which in turn resulted in a drastic
reduction of fatal road accidents; this restriction might otherwise never
have been introduced. Such synergisms will always overthrow a model, since
one cannot rely on the long-term constancy of correlation coefficients. To
a certain extent science fiction might help to determine where and under what
circumstances such quantum jumps have to be considered.

Cole added that an improved forecast need not be one that predicted the
true outcome accurately; rather it should yield a greater understanding of
the complexity of the situation.
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Before proceeding, Bruckmann informed the participants that Levis
kindly agreed not to read and discuss his paper to allow more time for the
general evaluation. He then proposed that discussion take place on the
problems of the agricultural production function.

Waelbroeck wished to clarify his comments on Thissen's paper. Since
most production functions used in world modeling show some leveling off,
they must eventually end up with some kind of "limits to growth". As to
these asymptotes, he did not believe that they are based on serious data.
Levis added that his extensive investigations have revealed that the
asymptotes assumed for the production function moved up as time proceeded.
However, as soon as one starts to plot the movement of the asymptote, there
is no longer a limiting value.

Millendorfer stressed the fact that most production functions neglected
the educational aspects. In his investigations, he found that education—-—
that is, quality of labor,technological progress, the increased advantage
of knowledge, the ability to take this knowledge into account—-plays a sub-
stantial role that is much more important than many other factors normally
considered.

Quance raised another point: he felt that a response from the supply
side was missing in most production functions. If one increases the price
that the farmer receives, there is usually some way that the farmer can in-
crease production, in spite of government regulations. Thus one should pay
more attention to transforming production functions into supply response
functions; the world food problem may be more strongly related to economic
factors or to production costs than to other factors. That is, you will not
find a hungry person in the world with money in his pocket.

Cole pointed out that there is a major difference between production
functions with more or less extrapolating past experiences and technological
utopias that describe vast deserts being turned into flowering orchards,
Fundamental parameters needed to bridge this gap may be found in the cultural,
social and technological factors; these should be examined more thoroughly.

Bruckmann suggested that the discussions focus on the question of how
to assess "soft variables'", a topic that was not unrelated to the subject
of social versus physical limiting factors and institutional versus tech-
nological problems. In his opinion, an economist's model ends where the
true problems begin: if an economist, for instance, states that 27 of the
GNP can eliminate pollution, it is at this point that he considers the real
problem. Why is this not being implemented? What are the odds that this
27 will be spent, and what changes will have to be made to arrive at that
point? In our modeling work, if we limit ourselves to the point where the
traditional economist stops, we will never be able to claim that our models
can be used as policy models.

Batteke agreed with Bruckmann. First there is the engineering feasibility
of a solution, then the economic feasibility, and thereafter, at the least,
the administrative question and the consideration of feasibilities. He
therefore strongly suggested that one investigate more intensely both syner-
gisms of this kind and the implementation of strategic modeling.
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Quance pointed out that he had some experience with the possible ap-
plication of modified delphi-panelling in order to make up scenarios of
this kind.

Rademaker stressed the importance of making the modeling efforts suitable
to the needs of policy makers, if the modeler wished to have his findings
implemented with a certain probability. If a modeler dreams up a modeling
project alone and then approaches a policy maker with the results, the pro-
ject is almost certain to fail. However, in the agricultural field, there is
no single policy maker, which makes implementation even more difficult than
in other fields.

Levis mentioned the need to bear in mind the person using a particular
model. In the Bariloche model and in MOIRA, there are strong assumptions
made about values that deviate from the values in vogue among the decision
makers concerned.

Millendorfer stressed the importance of paying more attention to the
so—~called soft variables. For example, one has a wrong policy for educational
planning--one that would divert too many resources to academic education,
and away from primary education where they are needed; the resources are
therefore wrongly allocated.

Cole, supported by Bruckmann, underlined the apparent contradiction
between the complexity of the model and its ability to penetrate: the more
complex a model, the more difficult for it to penetrate into wider conscience.

Roberts stressed the need to distinguish (at least) between two types
of soft variables. There are variables that one ultimately expects to be
able to measure, and variables that are immeasurable. The notion of
"quality" ranked among the second group, as it contains, to a substantial
degree, esthetic values.

Rossmiller strongly supported this view. He believed that one way to
incorporate soft variables in a qualitative sense is to work closely with the
decision makers for whom one is modeling; thus in conceptualizing the model
structure, the modeler can give some attention to the soft variables. One
can go a step further in setting up policy experiments. One can often convert
or use the hard variables as proxies for soft variables.

Bruckmann wondered thether it was possible to draw a strict boundary
line between eventually quantifiable and nonquantifiable soft variables;
M'Pherson appears to have arrived at a quantification of many variables
that only a few years ago, would have been considered unquantifiable.

Cole felt it was perhaps more important to include soft variables in
a model in order to understand the assumption being made implicitly about
soft variables, when certain hard variables are being put in the model. For
example, the Bariloche model contains more or less only hard variables, but
implies a whole system of structural changes that can only be expressed by
soft variables. This is not only legitimate, but also more honest than is
the case where modelers do not try to become aware of the soft variables
they are implying.
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Bruckmann suggested considering among this class of soft variables
all the tacit assumptions that go into a particular model. For example, both
the Bariloche model and MOIRA tacitly assumed that the condition of the
world's oceans will not deteriorate.

Quance stated that the major dilemma is that policy makers are interested
in receiving only one projection from modelers; they do not wish to be con-—
fronted with a set of alternatives. On the other side, the modeler knows
well that the probability of any one projection he gives to the policy maker
is zero.

Millendorfer stated that he is not very pessimistic about the possible
quantification of soft variables. In many functions, there are residuals
that can be seen as a link for several soft variables. Even if these
variables cannot be identified, their overall influence can be measured. To
give an example from physics: we 8till do not know what electricity really
is, but we use it.

Sanderson agreed that for many so-called soft variables there exists
much past experience, and this experience can be analysed even though the
tools may not have the same precision. Returning to the question raised by
Bruckmann, why certain changes are not being implemented, he stated that one
answer may be institutional constraints; institutional constraints are again
a catch variable containing the whole package composed of the educational,
political, psychological and imsitutionmal limits to development. Wherever
the general economy grew fast, agriculture also grew fast; so there is
certainly an interrelation between the general economic growth and the speed
of agricultural development. This can be studied more closely and can be
build into a scenario. But other aspects can also be included: the exten-—
sion of mass education in many countries is another soft variable subject to
some degree of measurement.

Sen commented on social versus physical limits. Tt appears that too
much importance may be attributed to institutional factors; they are im-
portant but seem to be overestimated. In some countries or regions, great
improvements were made over a very short span of time, without any accom-
panying institutional changes, as for instance, in India. He did not be-
lieve that physical limits, as they seem to exist at first sight, represent
an ultimate limit; they can be changed. For example, the physical limits
in parts of Africa can be changed by proper irrigation. Many technological
changes can result in great improvements without necessarily adding basic
production factors.

Cole added that one should not look at production alone. For example,
total food production in China does not appear to have increased much, al-
though malnourishment has been greatly reduced. On the other hand, there
has not been a great improvement in the nutrition levels of those persons in
parts of India where large production increases have been realized.

Waelbroeck added that one institutional factor that is neglected in
most models is international trade. Trade may not be a major obstacle in
Africa or Latin America, but certainly represents a serious problem for many
Asiatic countries. This was one of the reasons why MOIRA concentrated
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deliberately on the function of internmational trade.

Bruckmann suggested that the meeting discuss the relation between the
modeler and the policy maker, how to assess the implementation of models,
the working techniques of modeling groups, and also their mutual relationship.

In Brioschi's opinion, it was best to proceed by modeling on a highly
aggregative basis, while at the same time structuring such that the model
can be broken down on a more restricted regional basis. Collecting data is
not sufficient; it is important to establish a framework so that at the
national level the model has a certain organization that can be studied and
comparable data can be collected.

Quance referred to Rossmiller's suggestion to create a central computer-—
ized library of agricultural data, relations and simulation models. One
intermediate step toward that goal might be to test the feasibility of such
an idea: to first sponsor an international symposium on food and agricultural
models, at whicha task force would develop global and national scenarios;
all interested groups might use their own models and make projections of
these alternative futures. At a workshop, differences could be compared and
brought into an overall picture. Gaps and overlapping areas could be identi-
fied in the models, and future steps might be designed to alleviate these.
This method would be much better than to arrive at some specific overall
world model that would be believed in too strongly.

Roberts drew attention to the fact that this is exactly what happened
in the so-called LINK model, a short—term econometric model that ties together
many nations, including their exports and imports. He reminded the partici-
pants of the great difficulties that had to be overcome in establishing this
type of cooperation.

Waelbroeck agreed but added that in the LINK project, these difficulties
could be overcome and the model was functioning for about five years now.
There is a large amount of work involved in ensuring that the national
models linked together remain comparable.

Bruckmann thanked the participants of the conference.

Rabar summarized the scientific result of the conference, saying that
he and (hopefully) all the participants felt they had learned much abecut
different approaches, methods, problem settings and the like. He expressed
a certain disappointment that so little had been achieved in assessing
properly the main world issues in the field of food and agriculture; there
remains much to be done. There are many diverging opinions that must remain
so since the data base for resolving these controversies does not exist.

He was pleased to state, however, that onegeneral concensus emerged from
the conference: the developed nations have a moral obligation toward the
developing nations. More research must be conducted in every field concern-
ing the different limits including institutional and noninstitutional limits.

Levien, in a closing address, stressed the productive and exciting
nature of the conference. From the point of view of IIASA, there are two
benefits that nave emerged: the fact that this excellent group of experts
was brought together may have facilitated a kind of scientific cooperation
and collaboration which may eventually help to resolve this most important
question. The second benefit is that since IIASA is beginning a program
in food and agriculture and also 1is continuing its extended interest in
global modeling, it 1is able to profit greatly from the wide expertise
present at this conference.
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Appendix 1
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A Conceptual Overview of Agri-
cultural Models

Latin American Food Model

Food Production in Certain Asian
Countries

The Pestel-Mesarovic Food Model
General Problematique

Food Problems and International
Trade in Cereals

International Food Fund Concept
World Agriculture: Reassessment of

Trends and Policies; long-term
prospectives for the world grain trade

September

Methodological Problems

An Analysis of the World 3 Agri-
cultural Submodel

Panel discussion (Bottomley, Cole,
Gallopin, Kamrany, Kaya, Linnemann,
Meadows, and Rademaker)

Global Modeling of Food and Agricul-
ture: Background to a Possible
Approach

Modelling Food Production: An Attempt
to Assess Various Approaches

General Evaluation

Meadows
Gallopin
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& Norse

Richardson
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Kamrany

Sanderson

Thissen

Rossmiller

Weber
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Appendix 3

List of Additional Papers+

Models of World Food Supply, Demand and Nutrition
John Clark and Sam Cole

Common Agriculture: Policy and Practice
G. MacKerron and H. Rush

India's Prospects for Self-Sufficiency in Foodgrains
Bandhudas Sen

Progress, Difficulties and Prospects of Agriculture in India
Gilbert Etienne

Population and Agriculture in China, Present Situation and Prospects
Gilbert Etienne

Attitude of the People's Republic of Bulgaria on the Project MOIRA
Todor Popov

AGRIMOD: A Policy Analysis Model of U.S. Food Production
Alexander Levis, Stephen M. Haas, Elizabeth R. Ducot,
David G. Luenberger, and Robert E., Larson

The Italian Food Sector: An Input-Output Model
U. Bertele, F. Brioschi

Long-Term Perspectives for the World Grain Trade
Fred H., Sanderson

The Great Food Fumble
Fred H. Sanderson

+available from ITASA as Preprints








