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PREFACE

The IIASA conferences on global modelling are intended to serve as a
forum for exchanging information among modelling groups and to bring
these achievements to IIASA. The outcome of the conferences on global
modelling will be synthesized, and the various modelling efforts and their
potential will be evaluated with a view to understanding the possibilities
and limits of global modelling in general, and of the major existing global
models in particular.

Since 1974 IIASA has been monitoring developments elsewhere in the
field of global modelling. Three conferences have been held, each focusing
on one or two major global models approaching a state of completion.

This fourth conference was mainly devoted to a comparison of
two models; one by the Department of the Environment of the
United Kingdom (SARUM) and one by the Polish Academy of Sciences
(MRI). Other models discussed at preceding ITASA conferences on
global modelling have been:

Multilevel Computer Model of World Development Systems. Pro-
ceedings of the Symposium on Global Modelling, SP-74-1 to 6 and
CP-74-1.

Latin American World Model Proceedings of the Second ITASA
Symposium on Global Modelling, CP-76-8.

MOIRA: Food and Agriculture Model, Proceedings of the Third
ITASA Symposium on Global Modelling, CP-77-1.






CONTENTS

Welcoming Address
R.E. Levien

Introduction to the Conference
G. Bruckmann

SARUM AND MRI

The SARU Model 1976
P.C. Roberts D. Norse, W.G.B. Phillips, ]J.B. Jones,
K.T. Parker, and M.R. Goodfellow

Long-Term Normative Model of Development, MRI

R. Kulikowski, K. Borowiecka, M. Bojanczyk, H. Bury,
J.B. Krawczyk, L. Krus, M. Makowski, H. Mierzejewski,
W. Rokicki, ]J.S. Sosnowski, and E. Stapp

Fvaluation of the SARU World Models
J.A. Qlark, J.M. McLean, and P. Shepherd

Comparison of SARUM and MRI
M. Keyzer

Comments on the SARU Global Model
M. Slesser

OTHER MODELLING WORK

Global/National Modelling Work at the
International Labour Organisation

M.].D. Hopkins

Future Trends of Agriculture in Developing Countries
B. Choe, M. Osterrieth, and J. Waelbroeck

vii

41

363

383

387

395

405



A Step Towards Estimating Parameters of
Input-Output Tables
Y. Kaya, T. Imoto, and T. Yamaoka

A Simulation Model for Exploring Future Trends
in Waste Loadings to the Upper Great Lakes
J.P.H. Batteke

The Statistics Canada Long-Term Simulation Model
W. Page

The Model-Base-System (MBS) Project—
Intentions and Activities

S. Dickhoven

Towards an Indicator System for the Relationship
Between Population and Basic Human Needs

J.M. Richardson, Jr.

Europe Plus Thirty—A Factual Note
Lord Kennet b

Mechanisms of Sociopsychological Development
J. Millendorfer

GENERAL EVALUATION

Summary
K.S. Parikh

An Appraisal of Global Modelling Activities
J.M. Richardson, Jr.

Concluding Remarks
G. Bruckmann and R.E. Levien

APPENDIXES

Appendix 1: Agenda
Appendix 2: List of Participants

viii

427

445

467

479

483

487

489

505

507

511

515
517



WELCOMING ADDRESS
R. E. Levien

It gives me great pleasure to welcome you to the fourth
global modelling conference organized by IIASA. As you know,
IIASA has scheduled and sponsored global modelling conferences
for the last three years. The first conference reviewed the
work of the Pestel-Mesarovic model. The second conference
examined the Bariloche Model. The third meeting reviewed the
MOIRA Model constructed by Professor Linnemann's group and other
food models. Today we are very pleased to begin the fourth in
this series with a review of two models by groups led by
Mr. Roberts at the Department of Environment in the UK and by
Professor Kulikowskil of the Computing Center of the Academy of
Sciences, Warsaw.

I am sure that many of you have participated in these
meetings before, so I do not think I have to review in very
great detail IIASA or its role. Nevertheless, there are a few
unfamiliar faces in the audience and IIASA continues to evolve
from year to year as we learn more about international applied
systems analysis. So I will take perhaps five more minutes to
bring you up to date on IIASA.

The Institute, as all of you know, is a nongovernmental
international applied research institution, sponsored by scien-
tific institutions in, I am proud to say, 15, and by November
17, different countries. Since we met last year, a committee
on applied systems analysis from Sweden has become a member and
in November the Council is expected to accept organizations from
the Netherlands and Finland as additional members. We began
with 12 member organizations.

The purpose of the Institute is to carry out applied re-
search on problems of international importance. We distinguish
two such categories of problems. The first we call "global
problems"; these are issues that inherently involve more than
one nation and that cannot be resolved by the actions of indi-
vidual nations, but require joint effort. Topics like the global
climate and its protection, the oceans and their exploitation
and development, are global problems in this sense. The second
we call "universal problems". These are issues that lie within
national boundaries, but which all nations share. Problems like
the design of a health care system or transportation system or
management of our cities are universal, because they are within
the realm of individual governments. But every government has
similar problems, and IIASA can help with these problems by
the exchange of experience, particularly among countries having



rather diverse social, economic, and political systems. So our
goal is to work on major international problems, both global
and universal.

We have focused our effort within the last year or so on
two international problems. The first one is energy systems,
the study of which is concerned with the global energy future in
the medium or long term (fifteen to fifty years) and with the
exploration of alternative sources of energy, the growth of
demand, the constraints on energy choice and the strategies for
getting from an economy based on 0il or gas to one that relies
on longer-term energy sources. Our universal problem is region-
al development. Here we are concerned with the integration of
the aspects of regional development that are usually treated
separately: water resource exploitation, human settlements
development, industrial development, agricultural development,
environmental concerns. This is a program that is becoming
rather than in being, since we are not yet in the position to
bring together the pieces that we are working on separately.

But we hope to develop leadership and a strong crosscutting inte-
gration. At the same time, we are proposing to our council this
year that we undertake a second global problem on food resources.
Professor Rabar will be the leader of the program, which, if it
is approved by our Council, will be concerned with the medium-
and short-term aspects of the global food problem.

The second emphasis of our work is on the "systems analysis"
part of our title. 1In order to study international applied
problems in a comprehensive way, one needs to have a broad base
of competence. We have identified four Areas where IIASA has
to have continuing competence. The first is Resources and En-
vironment. This is the concern for the earth's physical endow-
ment. We must continue to have specialists in ecology, in water
resources, in food and agriculture and eventually in mineral
resources and other aspects of the physical endowment as well.
Second, we are concerned with Human Settlements and Services:
the human endowment of the earth--the people, their numbers,
their distribution, the housing and other services necessary to
provide for their needs. Currently, we have specialists in
urban and regional development and planning and in the health
care system aspects of human services. The third Area central
to our base of competence is Management and Technology. That
Area is goncerned with organizations, with economic systems and
with technologies, all the man-made contributions to the global
endowment. In this group we have expertise in industrial systems
and large organizations. The fourth Area of competence we need
is in the System and Decision Sciences, the mathematical and
computational tools for studying complex systems and for helping
in the evaluation of complex decisions. In this Area, we have
groups of mathematicians, computer scientists, and methodologists.

We have organized the research plan and the research struc-
ture of the Institute to enable us to gather the research Area



talents to work on our crosscutting problems. We have what we
call a "matrix structure" of research where the basic research
staff resides in one of the four Areas: the Programs each have
a small core group, but draw the remainder of their staff from
the Areas.

In addition, we have a General Research Area that comprises
topics that do not fit naturally into the four Areas and two
Programs. I have mentioned that we are concerned with global
problems, but we have studied them on a sectorial basis: energy
and food separately. That was a choice that the Institute made--
not to go ahead and try to construct yet another multisectorial
global model, but rather to dig deeply into the individual sec-
tors that comprise global models, at the same time as following,
by means of conferences such as this, the various global modell-
ing efforts underway. So, within General Research we have a
small activity involving Professor Bruckmann and Professor Rabar
in global modelling, and mainly concerned with the exchange of
information and increasing understanding of the state of the art.

In that line we also have an activity called the survey
project whose purpose is to publish a series of books on various
aspects of systems analysis and eventually to prepare a handbook
on the art of applied systems analysis.

This is the overall structure of our research plan. As you
can see it is an ambitious plan; IIASA has a budget of about
6 million dollars per year, which is quite small to carry out
all those activities. We can only succeed by drawing on re-
sources that lie outside the Institute as well. We do this in
a variety of ways. The IIASA core consists of about 75 scholars
paid by our national member organizations' contributions. But
around this core, we have another ten or so guest scholars,
people who come here whose salaries are paid by their home
institutions--IBM, Siemens, the National Center for Scientific
Research in France, and so on. That enables us to enlarge the
amount of effort underway. In addition, we have external funds:
money that comes to us from the United Nations Environment Pro-
gramme, from the Volkswagen Foundation, from the Ford Founda-
tion, from the Federal Republic of Germany, etc. This contri-
butes another million dollars a year or so to our research
activities. These are things that all go on still within
Schloss Laxenburg. But our capabilities here are limited.
What really helps to enable us to carry out work going beyond
the resources that are available to us is a network of collabor-
ating institutions; organizations in each of our member organ-
ization countries, that in one way or another have linked
their efforts to our research program. So we have here, for
example a coal task force to which less than one man-year of
IIASA effort is devoted, concerned with the exploration of the
future of coal as an option for energy; but we draw on contri-
butions from the National Coal Board in the UK, from Ruhrkdhle
in the FRG, and from Czech and Polish coal institutions. We
formed a coal task force to mobilize the international effort



in this study. And it is through this collaborative research
that we are able to get the amplification that makes our
ambitious research program reasonable.

In addition, we try to catalyze research, by which I mean
to stimulate activity elsewhere that does not directly link to
our research program, but should eventually contribute to the
solution of the problem we are interested in. For example, in
our Energy Program we have identified large CO; releases as a
major potential impact on the environment. We are not able to
explore that as fully as we like, but work is underway at the
National Center for Atmospheric Research in the United States
and elsewhere, to explore this within the framework of the
meteorological community. And a final shell in this model of
IIASA's activity is information exchange. I do not think I
have to explain that to you because of your participating in it
today and for the next four days. We hold not only this Con-
ference, but a good 20 conferences a year. We have the state-
of-the-art survey series as well. 1In fact, I feel that this
is one of our more important functions.

So it is a pleasure for me to welcome you to the Institute.
I hope you are successful in your activities over the next few
days, and that you will view your participation here as just
the beginning or the continuation of a long-term association
with the Institute.



INTRODUCTION TO THE CONFERENCE

G. Bruckmann

I am grateful that, in his welcoming address, Dr. Levien
has already given a comprehensive introduction to the Conference.
This permits me, in my introduction, to limit myself to welcom-
ing most cordially both the old habitués and the newcomers to
our conference series, and to just mentioning a couple of points
on global modelling and IIASA. As already mentioned by Dr.
Levien, IIASA, in its early days, decided not to construct a
global model on its own but rather to assume a monitoring role
in the field—to provide a platform for the exchange of ideas
and of results achieved. It is with some pride that, in retro-
spect, we may state that this idea has succeeded to such an
extent that IIASA global modelling conferences have attained a
definite place in the history of global modelling. As concerns
this Conference, let me express a word of particular gratitude
to the two main contributing groups who made available intro-
ductory papers six weeks ahead of time, enabling us to send
them out to all participants well ahead of the Conference.

Whereas the models discussed at our first three conferences
were to some extent known to a wider community, this is not the
case for the two models to be analyzed at this Conference. For
that reason, we had expected the number of participants this
time to be rather small. To our surprise, the last two weeks
brought so many additional registrations that the number of
participants again almost exceeds the capacity of this hall.

As in our earlier conferences, the first three days will
be devoted to a discussion of the main papers and the fourth
day to a presentation and discussion of other modelling efforts.
The best of success to our deliberations!
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THE SARU MODEL 1976*

P. C. Roberts, D. Norse, W. G. B. Phillips, J. B. Jones,
K. T. Parker, and M. R. Goodfellow

INTRODUCTION

Location and Function of the Systems Analysis Research Unit

The Systems Analysis Research Unit (SARU) is located in
London at the Department of the Environment. The Unit was estab-
lished in 1972 following a world conference at Stockholm that
was the first to be concerned with the environment. The Stockholm
conference also raised associated issues of resource use and pop-
ulation growth. The Government of the United Kingdom recognized
that the separate problem areas were closely enough connected to
warrant a broad investigation of interactive effects. The estab-
lishment of a research unit to advise on the value of global models
and to discover the extent to which quantitative methods could
illuminate world problems was therefore approved. However, a part
of the Unit's work is directed at problems within the UK related
to the supply of resources and other factors affecting the envi-
ronment.

Discussion Paper Future World Trends

Within the UK administration there is an interdepartmental
committee entirely concerned with problems of population increase,
resource availability, climate change, and pollution. This com-
mittee under the aegis of the Cabinet Office has published a dis-
cussion paper** with the title Future World Trends which attempts
a frank appraisal of the problems. The paper is based on inputs
from research institutions, departments of government, and from
SARU. Since it is an official document there is no commitment
to policies intended to meet the challenge of the "problematique".
This is consistent with the SARU view that careful preliminary
analysis must precede policy decisions.

*The views expressed are those of the authors and do not neces-
sarily coincide with those of the Departments of the Environment
and Transport.

**¥Fyture World Trends, discussion paper, Her Majesty's Stationery
Office, London, March 1976, price 60p.

© Crown Copyright 1977.



-10-

Relation of SARUM 76 to other models

The SARU global model is referred to here as SARUM 76. The
following remarks are to illustrate the philosophy that guides
our working style. Human societies operate within a hierarchy
of constraints. The physical limits are the best known and set
wide bounds on the variety of futures that can exist. Within
these limits at decreasing levels of certainty but placing nar-
rower bounds on the state of the system are engineering, economic,
and social constraints. These constraints delineate the area of
choice that remains and this area expands as we move further into
the future. Experiments can be performed by relaxing constraints
and introducing uncertainty into the system. The results of such
experiments are a set of numerical variables. They tell us nothing
about political regimes or the experience of the people whose behav-
iour they describe. Though we might therefore be accused of irrel-
evance, we believe that by setting ourselves modest objectives we
are more likely to achieve useful results.

Objective of Offering Tools to the Modelling Fraternity

The ability to construct world models will develop through
sharing ideas and methods. We would prefer to explain the tools
we have devised and the techniques we have developed rather than
to urge acceptance of the futures we have simulated. In an area
which arouses strong emotions we should not let our feelings upset
our judgement of the soundness or otherwise of a modelling pro-
cedure,

Transparency of Structure

Though the complete SARUM 76 is elaborate it is built up
from simple modules whose structure is transparent. These pro-
ceedings give only a brief survey and for a full account reference
should be made to SARUM 76; Global Modelling Project, Research
Report No. 19 published by Her Majesty's Stationery Office, London,
UK.

Repeatability

In order that our results can be tested by others we are
making the program of SARUM 76 available as widely as possible.
Special input and output routines have been written so that the
implementation of different scenarios is relatively simple. The
program listing on magnetic tape and program documentation is
available on application to our London office. The program will
be or has been implemented by IIASA, the Science Policy Research
Unit at Sussex University, the OECD Interfutures Project in Paris,
the Department of the Environment, Community Development and
Housing in Canberra, and others.
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Evolutionary Structure

SARUM 76 as it stands at present represents a stage in an
evolutionary development. We belive that our basic mechanisms
are a good approximation to the way societies actually behave.
Additional mechanisms that are observed in the world can be added
to the basic structure when and if necessary. We would welcome
contributions and criticisms from others working in this field.

SARUM 76 as Descriptive Rather than Prescriptive

SARUM 76 represents the basic causal linkages that are found
in economic systems. Our work is directed at the first stage of
postulating and testing these relationships. It is necessary to
understand a system before attempts are made to change it. We
must be certain that the results of our policy measures will in-
deed achieve the desired objectives.

Disaggregation

Disaggregation is largely determined by the objectives of
a particular study. We believe that food is more critical than
energy or minerals and that the imbalance of resource control is
of more interest than the gross trajectory of an aggregated world.
We have therefore modelled food production in some detail and
divided the world into rich and poor. If we were examining other
problems a different disaggregation would probably be appropriate.

PRINCIPLES OF SARUM 76

SARUM 76 is a dynamic simulation model of a disaggregated
world economy.

Characteristic Features

As opposed to some earlier world models SARUM 76 is disag-
gregated. In order to study food problems the world was divided
into three strata (Figure 1).

- the United States of America,

— the developed countries of the north and south temperate
zones plus the o0il rich countries, and

- the less developed countries of South America, Africa,
and Asia.

Within each stratum we recognize thirteen sectors. Each sector
buys goods and services from other sectors and sells its output
either to intermediate sectors or final demand. For the food
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study, nine of the thirteen sectors are concerned with agricul-
tural production.

As far as possible the model is based on real world data
as published by international agencies. Functional relationships
specified in the model have been quantified by standard statisti-
cal methods. The causal linkages incorporated in the model are
based on the principles of economic theory. We hope this will
make our results intelligible both to simulation modellers and
professional economists.

Economic Theory and Simulation Models

There are useful analogies between the theory of the firm
in economics and the conditions for the viability of an organism
in biology and ecology. In both cases we observe flows of input
and output and find stocks of equipment and raw materials that
must be maintained above a critical level. Competition, cooper-
ation and negative feedback loops to maintain homeostasis are
characteristic of a wide class of systems. We assert that such
a paradigm is sufficiently general to describe the behaviour of
most economic systems, regardless of political ideology. Dif-
ferent countries use different methods to secure the well-being
of their members.

Our technique amounts to a synthesis of simulation methods
and economic theory. This approach gives due emphasis to stocks
(state variables, levels) and supplements the traditional economic
preoccupation with rates of flow. The resulting models have dy-
namic properties that have suggestive parallels in real world
economic behaviour.

Economic Processes in SARUM 76

Consumption

The rate of consumption is taken to be dependent on per
capita income and the relative price of the good. For the rela-
tion between income and consumption we have good cross-sectional
data both between countries and between economic groups within
countries. The relation between consumption and price is more
speculative and depends on own and cross price elasticities de-
rived from econometric studies and subject to consistency con-
straints.

Inventories of Stocks

Goods are produced by sectors and demanded by other sectors
or consumers. Each sector's output is fed into a stock or inven-
tory. If the size of the stock is equivalent to the desired
coverage the price is set equal to the marginal cost. Movements
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of the stock level away from the desired coverage cause changes

in price of opposite sign (i.e. prices are inversely proportional
to stocks). A rise in price reduces demand via the price elastic-
ities and simultaneously increases profits leading to an expansion
of the sector producing the good. (Figure 2.)

CAPITAL
GOODS

NON-FOOD
CROPS

GRICULTURA
SERVICES

FRUIT &
VEGETABLES

NON-FOOD

PRODUCTS I l |

LIVESTOCK
PRODUCTION

PRIMARY
ENERGY

CEREALS
& ROOTS

CONSUMPTION
+ CAPITAL
INVESTMENT

VEGETABLE
PROCESSING

LIVESTOCK
PROCESSING

\—‘

Note 1. The sectors feed each other indirectly via stocks.

Note 2. “Capital investment” is distributed to all the
sectors according to a profitability criterion.

Note 3. Minor transactions are omitted for simplicity.

Figure 2. Interrelationship of sectors for each stratum of the model.
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Consumer Sovereignty

In equilibrium the sizes of the sectors match the pattern
of demand imposed upon them. This pattern can change as income
and costs vary. SARUM 76 is therefore a demand driven model and
assumes consumer sovereignty. Production and demand by govern-
ments is not separately identified. It is tacitly assumed that
the decisions made by governments reflect the wishes of the citi-
zens.

The Role of Money

SARUM 76 does not represent financial institutions and there
is no permanent stock of money. Money is however used to measure
quantities for which there is no natural physical unit. Money is
also used as a medium of exchange; the amount of money required
to absorb the output in a given time interval is released during
that time interval (allowance having been made for stock varia-

tion). This mechanism enforces the basic economic accounting
identity:
. . _ Consumption
Cost of Output (wages, interest, profits) = Purchases .

The model therefore operates with neither inflation or deflation
and all values are expressed in base year dollars.

Production

The technology of the economy is summarized as a production
function that describes the relationship between inputs and out-
puts. The simplest case is that of fixed coefficients and this
is used for most of the intermediate flows in the model. Where
capital/labour substitution is important the Cobb-Douglas pro-
duction function is applied. A special two-part production func-
tion that allows water/fertilizer substitution has been developed
for use by the agricultural production sectors.

As applied in SARUM 76 the output indicated by the production

function is modified in two ways. Historical records show that

the factors of production have become more productive and this is
reflected in the model by multiplying the basic output by an expo-
nential or logistic function of time. On the other hand one of

the effects of the depletion of a resource is to make the factors
of production less productive and to increase the quantities of

raw materials required to produce a unit of output. Different
procedures are implemented depending on whether the resource is
limited by a rate of flow or a finite stock.
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Allocation of Investment

The total amount of investment funds available is a function
of per capita income and is based on empirical cross-sectional
data. These funds are distributed in such a way as to make the
marginal revenue per dollar of the sectors equal. This strategy
maximizes total profits and matches the sizes of the sectors to
the demand pattern at equilibrium.

Labour and Wages

Provisionally birth rates and death rates are regarded as
exogenous to the system and for the base runs we have assumed
either the United Nations "medium" projection or continued expo-
nential growth. Every worker is assumed to be trained for work
in one of the sectors. Whether he enters employment in the sec-
tor for which he is trained depends on the fraction of value added
paid to labour. This relationship is based on empirical cross-
sectional data. Workers are also free to move from one sector
to another in response to wage differentials.

Profit Maximization

SARUM 76 assumes that sector managers will attempt to maxi-
mize profits. They will therefore choose a labour force that di-
minishes the difference between the marginal product of labour and
the wage rate.

Testing Economic Relationships

It is difficult to test economic relationships by standard
statistical techniques because of the difficulty of performing
experiments and the problems raised by collinearity in the time
series data. Econometric techniques can sometimes be used to
overcome these difficulties and the additional problems raised
by estimation of ‘parameters in simultaneous equation systems,

In some areas we can obtain clear-cut results and these add to

the credibility of economic theory. An analysis of cross-sectiopal
data on cereal farmers shows that they substitute labour for capi-
tal in response to relative cost so as to maximize their profits.
An analysis of cross-sectional data on metals indicates that their
price is largely dictated by the cost of mining and refining.

This indicates that the market for metals is approximately com-
petitive.

Indirect Tests of Economic Theory

A theory may be tested indirectly by incorporating economic
relationships in a model and then observing whether the model is
capable of generating behaviour found in the real world. 1In
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SARUM 76 we find that the decline of a sector accompanied by the
growth of a substitute sector has a characteristic logistic form.
This is very similar to the manner in which many new products
penetrate a market. We can adjust the time constants of the model
to mimic the rates of penetration observed in the real world.

AGRICULTURAL RESOURCES

The Food Supply Problem

In contrast with other problems associated with finite re-
sources widespread food supply problems already exist and are of
major proportions. SARUM 76 was therefore structured to examine
food production in the greatest detail. SARUM 76 is not however
exclusively a food model and has a wide range of applications in
other areas.

Sufficient food is grown at the present time to give the
world population an adequate diet but the supply is not distri-
buted evenly. Over 4 x 10° tonnes of grain are fed annually to
livestock and many people consume more food, particularly more
livestock products, than they need to satisfy their physiological
requirements. Our model of food demand is therefore based on:

- Effective demand (i.e. ability to pay) rather than
physiological demand, and

- Demand for dietary energy, on the grounds that if food

energy requirements are met the diet will contain ade-
quate protein and other nutrients.

The Agricultural Production Sectors

The system specification was designed to explore global
food scenarios with the minimum number of sectors as follows:

Cereals and Starchy Roots

Cereal production dominates world agriculture. Cereals are
grown on 71% of the cropped area and supply 53% of the total food
energy. The other main staple is starchy roots which are grown
on 5% of the area and supply 7% of the food energy.

Other Vegetable and Fruit Production

These products occupied 16% of the cropped area in 1968 and
provide important nutrients.
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Non-Food Crops

These occupy only 8% of the arable area but are important
in economics and trade.

Livestock Production

Livestock provides only 11% of food energy on average, but
in the developed countries as much as 40% of food energy is de-
rived from livestock products. In some countries this sector
accounts for up to 60% of agricultural GDP. Fisheries, which
are relatively unimportant, are aggregated with this sector.

Livestock Processing and Vegetable Processing

These sectors permit the consideration of by-products and
allow for the large increases in unit value that result from
processing,

Agricultural Services

These manufacture fertilizers and pesticides.

Land Development

This clears land and prepares it for arable agriculture.

Irrigation Services

These maintain dams, wells, and irrigation networks and sell
water.

Response Curves

More food can be obtained from the same area of land by the
application of fertilizer and water. At low levels of fertilizer
application there will be large returns but at higher levels the
marginal return will fall to zero and may even become negative.
Suitable functional forms fitted to cross-sectional data are used
in SARUM 76. The additional return to fertilizer when irrigation
is applied at the optimal level is represented by a simple multi-
plier of the rainfed response.

Depletion Functions

The stocks of land and water resources were split up into
branches with greater or less constraints to development and
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appropriate development costs were assigned to them. It is as-
sumed that within a stratum the resource will be developed in
increasing order of cost. Analytical functions were fitted to
the data relating costs to area of land developed and quantity
of water produced.

Technological Progress in Agriculture

Technological progress affects the food producing sectors
in two distinct ways.

- In common with the manufacturing sectors technological
progress has improved the productivity of labour and
increased the output from a given amount of capital and
labour.

- Improved plant varieties have increased biological pro-
ductivity so that they can benefit from higher rates of
fertilizer application.

The second type of improvement is represented by an upward
shift in the fertilizer response curve. The rate at which this
shift occurs can be estimated by reference to historical data.
There is a thermodynamic limit to fertilizer and land productivity
so it is assumed that improvements in fertilizer productivity
follow a logistic path from the current operating point to this
limit. )

Agricultural Production Sectors

Special production functions have been developed for the
agricultural sectors to allow substitution between irrigation
and fertilizer as well as capital and labour. The production
functions consists of two parts: harvesting and yield which
are regarded as complementary. Harvesting is carried out by
labour and capital which can be substituted for each other de-
pending on their relative marginal productivity and cost. Yield
depends on fertilizer and irrigation water application and the
optimum mixture again depends on return and cost. The outputs
indicated by the harvesting and yield parts of the algorithm are
not necessarily equal. In such cases the smaller of the two is
regarded as the effective output. This production function is
often referred to as the KALIF production function after the
initials K, capital; A, area of land; L, labour; I, irrigation
water; and F, fertilizer.
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FOOD PRODUCTION AND CONSUMPTION

Demand Functions

The demand for food is determined by per capita income,
relative price, and total population. The relation between per
capita income and consumption of the various foodstuffs is based
on empirical cross-sectional data. Expenditure on food increases
as per capita income increases; however, the proportion of income
spent on food falls. Expenditure on unprocessed cereals and
starchy roots and unprocessed livestock products rises to a max-
imum at fairly low income levels and subsequently declines. In
economic terms these are inferior goods. At higher income levels
more is spent on increasing the variety of the diet, processing,
and associated services.

The consumption of food is also affected by relative price
by way of a system of own price and cross elasticities. Generally
speaking a rise in price will depress consumption below the level
indicated by the cross-sectional data. However very low income
groups, spending a large proportion of their income on staple
foods, may increase their demand for the staples when they rise
in price because in effect their per capita income has fallen due
to a rise in the cost of living. This effect may be important
when the model is operating under conditions of extreme depletion.
The price elasticities are themselves a function of per capita
income. As per capita income rises the proportion of income spent
on food falls and consumers become less sensitive to relative
price changes therefore the price elasticities tend to zero.

It is necessary to assume in the model that a given good is
homogeneous, i.e. it represents the same substance, however rich
the purchaser. However, taken with the expenditure on food that
we predict for the very rich, this implies that they are consuming
an impossibly large amount of food. In reality, they are buying
more expensive food, and also paying more for services such as
retailing, preparation and catering (see Figure 3). This is dealt
with by assuming that all expenditure on food that takes consump-
tion over a specified physical level is really spent on non-food
consumer goods and services. Also, for the very poor, it is im-
portant to ensure that the model of consumer behaviour does not
represent them as consuming less food than that necessary to sur-
vive. Accordingly, a lower physical threshold is set so that if
consumption falls below it, the consumption pattern is reorganized
to restore the food intake, so far as is possible, to the thres-
hold.

Retail Coefficients

Because of manufacturing and servicing costs the retail price
of food may be more than four times greater than the farm gate
price. SARUM 76 therefore distinguishes between unprocessed food
having a low cost sold informally and processed food with a high
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cost sold through shops and restaurants. The cost of retailing

is represented by a coefficient that specifies the cost of pack-
aging and distributing a kilogram of food. This coefficient may
be made a function of per capita income.

Risk Aversion

There is evidence that farmers are not applying levels of
fertilizer, pesticide, and irrigation water to the point where
marginal costs equal marginal returns. This departure from opti-
mality is most apparent in the less developed countries where
the marginal return to fertilizer may be as much as $7 per $
spent. This behaviour is due to several factors.

~ The investment in fertilizer is at risk to weather,
disease, and pest attack while the crop matures.

- Change in the market price of the crop can occur
between planting and harvest.

- Interest rates may be high and credit not available.

- Ignorance of the advantages of fertilizer and pest
control.

- Supply and distribution difficulties due to a deficient
infrastructure. Farmers must choose between the cer-
tainty of getting a small crop without fertilizer and
the probability of getting a larger crop with fertilizer.
If the crop fails in the latter case a peasant farmer
may f£ind that he has incurred a debt he cannot repay.

It follows that in the less developed countries farmers
often sacrifice short-term profit for long-term security
making the perceived cost of fertilizer greater than

the market price. In SARUM 76 a risk aversion coefficient
is applied to the market price of fertilizer that raises
the perceived price of fertilizer to the farmer when the
yield per hectare is low. This coefficient declines as
the yield increases to the levels found in Europe and
Japan.

Seed Sectors

SARUM 76 models the growth of a new industry producing a
commodity that is a substitute for another commodity by means
of the "seed-sectors". The parameters of these sectors are in-
put in the same way as conventional sectors. However the seed
sector does not grow by attracting investment because it is not
profitable. Under these conditions it is supplied with a subsidy
that just balances the depreciation. If the conventional sector
is made unprofitable by rising costs due to depletion the seed
may become profitable and penetrate the market of the conventional
sector.
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Single cell protein (SCP) is a possible substitute for soya-
bean meal and fishmeal in the livestock production sector. Sub-
stitution can be modelled by setting up two livestock production
sectors one of which purchases SCP and the other conventional
feedstuffs. By running the model in the depletion mode the cost
of conventional feedstuffs can be forced up and the price of SCP
(which depends on a fossil fuel substrate) becomes competitive.
In consequence SCP-fed meat products start to penetrate the mar-
ket at a rate that depends on the relative costs.

Climatic Perturbation and Crop Production

A deterministic approach to forecasting the future climate
is not possible because not enough is known about the key rela-
tionships. However, a probability can be assigned to the occur-
rence of a departure from the long-run average climate. Droughts
cause more disruption to agricultural production than any other
meteorological variable. In many arid and semi-arid areas the
relation between yield and rainfall is nearly linear over the
observed range. In some time series data, drought conditions
appear to persist over a number of years and may coincide in
major production regions on different continents. An adequate
model must therefore include spatial and temporal autocorrelation
effects. A synthetic sequence of rainfall data is generated with
the same mean, variance, and autocorrelation as the empirical
data. The relation between rainfall and yield is then used to
modify the output from the cereal production sector. An ensemble
of runs using different synthetic sequences can be analysed sta-
tistically to find the probability of the occurrence of famine.

EXPERIMENTAL CHARACTER OF SARUM 76

Uses of SARUM 76

SARUM 76 will not be used to make naive predictions of the
future. Its value lies in its ability to work out the implica-
tions of policy options. By using the model to mimic "modes" of
behaviour observed in the real world, our understanding of the
factors that give rise to that behaviour is increased. 1In physics
and engineering, models are built up from elementary relationships
whose validity is established by experiment. In economics, how-
ever, relationships can change with time; behaviour can be modified
by knowledge of the model output; entirely new technologies or
social systems may come into being.

SARUM 76 will be used to study overall system behaviour and
its response to change. Some of the relations and parameters
that can be varied are:

- Production Factors: investment strategies, labour mobil-
ity, seed sectors of new technology.
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- Demand Factors: population scenarios, consumer prefer-
ences and price elasticities.

- Distribution Factors: income distribution, trade biases,
monopolies and cartels,

- Environmental Factors: depletion, pollution.

Anticipation

In the real world people react not only to the current state
of the system but also to the rate of change. In consequence
they have advance warning of an impending crisis and can take
evasive action. If the model is operated in the depletion mode
with substitute seed sectors, an economic depression may occur
because a large investment is required in the substitute sector
just at the time when overall output is dropping. This situation
arises because investment is related to current profitability.

In a modified version of the model a planning algorithm is used
which extrapolates current trends to predict future demand. The
rate of investment is then calculated so that the substitute sec-
tor grows smoothly to meet the target demand as the original sec-
tor is depleted. It is also possible to devise a hybrid strategy
which is a weighted sum of the planned and unplanned investment.
This weight is a measure of the discount rate. When the weight
is equivalent to a low discount rate future events influence cur-
rent decisions strongly. Under these conditions economic depres-
sions caused by resource limitation can be ameliorated or elimi-
nated. A high discount rate has the opposite effect (see Figure ).
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Figure 4. Variation of standard of living through a
depletion/substitution transition.
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Trade Bias Changes

The pattern of trade as observed in the real world cannot be
explained simply on the basis of the difference between the price
of a good bought at home and the same good imported from abroad.
A number of other factors affect the buying decision apart from
price; these include tariffs, embargoes, quotas, quarantine regu-
lations, transport costs, and other barriers to trade of an eco-
nomic and political nature. In SARUM 76 these factors are sum-
marized in a matrix of coefficients known as trade biases. These
biases modify the prices perceived by the consumer and alter the
way in which he allocates expenditure between purchases at home
and overseas. Consequently he tends to buy not from the cheapest
source but from the source perceived as the cheapest.

These trade biases are calculated at the beginning of a run
so that trade flows in the model simulate real world data. How-
ever there is no reason to believe that these coefficients remain
constant. Historical data show that they change in a random fash-
ion but that the rate of change of bias is strictly limited. This
is due to the massive physical infrastructure on which trade de-
pends and a certain inertia in the forming and breaking of alli-
ances.

Of course future trading relationships cannot be predicted
but a type of stochastic forecast can be made. An autoregessive
process can be generated having the same statistical properties
as the observed trade bias time-series. An ensemble of runs,
using this synthetic time series data, can be analysed to find
the probability that a given level of trade restriction will oc-
cur. A general bias interrupting trade and preventing the third
world from buying food when necessary would have a strong influ-
ence on model behaviour.

Monopoly Action

The importance of these experiments is underlined by recent
experience in the market for crude oil. The basic SARUM 76 algo-
rithm can be simply modified to maintain a given sector at an
abnormal level of profitability. The price of a good is kept
above the free market price by adjusting the apparent marginal
profitability so that labour and capital are not attracted into
the sector. This is equivalent to restricting output by erecting
barriers against the entry of new firms into an industry.

Energy Depletion

The sensitivity of agricultural prices to the cost of energy
has been tested using SARUM 76. The results suggest that world
food prices have a low sensitivity to likely energy price changes.
This is because food production is less energy intensive than many
manufacturing processes. It follows that the relative cost of
producing food falls when energy prices rise.
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Further experiments have been conducted by disaggregating
the energy sector into fossil fuels, bio-fuels and electricity.
A simple hyperbolic depletion function is used for the bio-fuel
sector in which the upper asymptote of production is calculated
from the current land area devoted to wood growing for fuel multi-
plied by the maximum forest productivity.

A depletion curve for fossil fuels is based on the cost of
extracting available carbon from various types of carbon bearing
rocks (e.g. o0il and gas trap rocks, coal measures, tar sands,
0il shales) using the assumption that carbon is distributed log-
normally in the sedimentary rocks. This curve suggests a rela-
tively slow rise in fossil fuel costs, however, it may conceal
the problems associated with the timing of investment when switch-
ing to the new carbon sources. It would be necessary to disag-
gregate further in order to study these problems.

STRUCTURE AND CALIBRATION

Program Structure

The basic building block of the model is the autonomous sec-
tor. The program structure allows these sectors to be assembled
in any desired configuration and facilitates sector aggregation
and breakdown. Because the basic algorithms are repeated many
times subscripted variables are essential for economy. The pro-
gram was written in FORTRAN partly for this reason and partly
because it can be used on almost any machine.

In order to aid user comprehension the program is split into
four basic blocks which are themselves divided into subroutines.

Preparing Input Data

The data are presented in a descriptive way using key words.
These data are transformed into numerical data suitable for the
simulation routine. After the data for the base run have been
set up only modifications need be entered for subsequent runs.

Running a Simulation

This has been written in a form suitable for integrating any
set of differential equations using any numerical integration
method. The relation between the state variables and their de-
rivatives are handled by separate subroutines and the order of
calculation is fixed.
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Tabulating and Plotting Results

In principle only the values of the state variables need be
retained but in practice nearly every variable is logged and put
on a mass storage device. A subset of results is picked off and
presented in graphical or tabular form. Points of interest can
be examined further by extracting additional output from mass
storage.

Dumping the Dictionary

At the end of a run every variable in the dictionary can be
dumped to the line printer with its value at the last time step.
This option is selected by default if any error, such as a nega-
tive stock, is detected.

Choice of Time Interval

The model is framed in terms of non-linear differential
equations. These may be solved by a number of numerical inte-
gration methods, but Euler's method is the simplest and quite
adequate for our purposes. There is a trade-off between the
length of the time step and accuracy. At four steps per year
there is a danger that the run will not survive the transient.
More than six steps per year improves the accuracy very little.
The program runs presented have been carried out with Euler inte-
gration and six steps per year.

Cost of a Run

Program development was mainly carried out on a CDC 6600.

The main component of cost is the central processor time used in
solving the differential equations. For a 3-stratum, 13-sector,
6-final demand goods per stratum model a good rule of thumb is

2 simulation years per central processor second. For this size
of program 2 CP seconds cost £1. For a small number of sectors
SARUM 76 is cheap to run and this makes exhaustive sensitivity
tests and Monte Carlo analysis feasible.

Calibration

This difficult topic has two phases, matching the mode of
model behaviour to real world phenomena, and matching actual
numbers from the program output with real world data. Through-
out the process it is essential to keep the objectives of the
study clearly in view. Beyond a certain point, improving the
data, relationships, and structure may add little to the useful-
ness of the model.
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Data differs in reliability and may conflict if taken from
different sources. Some items required are not available or in-
complete. There may be conflicts between the data and the model
structure. A hierarchy of the data and the hypotheses on which
the model structure is based must be set up depending on the de-
gree of confidence and on relevance to the objectives of the
model.

The first runs of the program will show whether the model
behaviour accords with the basic objectives. Fine-tuning can
be used at a later stage to generate the desired numbers. 1In
order to achieve the required results it may be necessary to
modify items that rank low in the data/structure hierarchy.
This is an iterative time-consuming process. SARUM 76 is in-
tended to model rational behaviour over a wide range of income
levels and under severe depletion. The model structure has
therefore been amended until this objective has been achieved.
The most important output variables are the sector production
figures in physical and money terms. The model is initialized
to make the level of production and the rate of growth of pro-
duction for each sector accurate. Final consumption is known
with considerable certainty; supply and demand can be reconciled
by adjustment of the input-output coefficients. 1In equilibrium
growth the rate of return must be the same in all sectors: this
makes it impossible to use the published capital figures which
are known to be unreliable. Labour force data are usually quoted
as the total wage bill; the number of people employed is derived
from the wage bill and the wage rate.

Initialization of the model depends on generating a consis-
tent set of values for all the state variables of the model in
the first time interval. This calculation is based on the values
of output in the first time interval, value added, wage bill as
a fraction of value added, and depreciation rate of capital for
each sector; and on population, growth rate of stratum economy,
growth rate of labour force, price of capital goods, and total
value of investment in new capital for each stratum. From these
data all the other variables can be calculated so that model gen-
erates a transient-free trajectory with a growth rate close to
the observed figure.

UNCERTAINTY

The Concept of Uncertainty

The empirical data used in a particular model structure do
not, in general, consist of a set of point values but of a set
of probability distributions. As a consequence the projected
model variables belong to a set of distributions. There are
further components of error associated with different aggrega-
tions, different subjective assessments of what constitutes an
adequate model algorithm, and the possibility that the system
being modelled may change its nature in the future, invalidating
any initially valid structure.
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Monte Carlo Methods

Because SARUM 76 is relatively cheap to run the Monte Carlo
method for uncertainty analysis was adopted. The technique de-
pends on repeated model runs with randomly perturbed inputs.
Because the inputs are varied simultaneously any synergistic
effects are included in the dispersion of the outputs. An esti-
mate of the probability distribution function (PDF) of the out-
puts is obtained rather than simple confidence intervals.

An early version of the model without depletion was used in
the tests. The runs were performed in batches in which variation
was introduced into a progressively larger set of parameters.

The marginal contribution of each source of uncertainty could
then be examined directly. The parameters used in this study
were assumed fixed through time. For changing parameters, they
would be allowed to evolve by pseudo-random processes based on
observed behaviour. Each Monte Carlo replication uses a differ-
ent realization of the random process. The model outputs at some
future time can be regarded as functions of the inputs and this
relation can be approximated by the general linear model by using
regression techniques. The estimated coefficients are equivalent
to conventional sensitivities. If the linear approximation is
inadequate the variances are not additive indicating that the
model exhibits synergistic behaviour. The output was analysed

by using a standard regression package. The results may be ex-
pressed in dimensionless form as amplifications.

Income Distribution

For some purposes it may be sufficient to regard the popu-
lations of the strata as homogeneous with the same per capita
income. However, when examining resource limitations, different
demand patterns resulting from a spread of incomes affect the
pattern of economic activity and therefore resource usage. For
example a redistribution of income from the rich to the poor may
increase the demand for food and increase the rate at which land
resources are consumed.

A useful measure of the inequality of income is the Gini
coefficient which is defined in terms of the Lorentz diagram.
If the underlying PDF is assumed to be lognormal there is a
simple relation between the Gini coefficient and the standard
deviation of the lognormal variate.

National Gini coefficients usually lie between 0.3 and 0.6
and change slowly with time in a random rather than a systematic
manner. Centrally planned economies have a somewhat lower than
average Gini coefficient. High income countries show a slight
tendency to greater equality. Variation of income in a stratum
is made up of international and intranational effects which have
a roughly equal effect on the distribution of income within a
stratum. The GDP per capita growth rates of individual countries
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differ widely and strongly affect the evolution of the income
distribution in a stratum. It is assumed that changes in national
income distribution are random and that evolution from the situa-
tion in the base year is due to differential growth. Some coun-
tries are observed to have growth rates persistently higher or
lower than average for several years. Such persistence can cause
rapid divergence of national per capita incomes within strata.

To model these effects the stratum is divided into egqual
population groups. Each group is assigned a fraction of the to-
tal stratum income as indicated by the observed base year income
distribution. The incomes of the groups grow at a rate that fluc-
tuates about the mean stratum per capita growth rate. The fluc-
tuations are drawn from a first order autoregressive process with
positive autocorrelation to simulate the persistence effect. The
trajectories of the group incomes can then be aggregated to give
a synthetic time series for the stratum Gini coefficient. Re-
peated simulations with different pseudo-random number sequences
yvield an envelope of likely Gini coefficients. The mean trend
and size of the envelope are strongly influenced by the time con-
stant associated with persistent deviations from the mean growth
rate. An estimate of the time constant can be obtained from em-
pirical data.

The Gini coefficient time series was fed to the model which
calculated the fraction of total income paid to each income group.
The demand pattern for each group was calculated from the standard
demand functions. The indicated consumption by each group for
each good was summed to give total demand.

The results of these experiments suggest that:

- The group most strongly affected by income inequality
is the poorest section of stratum 3 whose food energy
intake is very sensitive to the Gini coefficient.

- Consumer demand for cereals and starchy roots reaches
a maximum and declines if the Gini coefficient is low.

- Consumer demand for processed meat is relatively in-
sensitive to income distribution because the bulk of
demand arises from income groups at or near saturation.

- Greater equality leads to increased pressure on land as
the poorer groups move more quickly to foods that pro-
vide fewer calories per hectare.

There is some evidence that higher incomes are correlated with
reduced fertility so that greater equality would lower the popu-
lation pressure. However this relationship has not yet been
incorporated in SARUM 76.
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FEEDBACK LOOP STRUCTURE OF SARUM 76

SARUM 76 attempts to simulate the viability characteristics
of living systems which can adapt themselves to a changing en-
vironment. Viable systems display homeostasis and can persist
in a steady state. In terms of the model this implies that at
least one of the state variables must remain constant on average
through time. In order to achieve this objective any change in
a state variable must induce a change in the system which brings
the state variable back to its original value. Such a system
can be simulated by including closed negative feedback loops in
the structure (see Figure 5).

In each sector of SARUM 76 there is a state variable repre-

senting "stocks". A fall in "stocks" causes a rise in "price"
and "value added". This leads to an increase in "marginal profit"
and the "marginal productivity of labour". The former attracts

additional "investment" to the sector which increases "capital"

and therefore "output", and the latter attracts additional "labour"
to the sector by increasing "wages" and this also increases "out-
put”. The increases in "output" will tend to replenish "stocks"
thereby bringing them back to their original value. The negative
feedback loops confer great stability on the model and it can sur-
vive large transients due to inconsistent data or deliberately
imposed step changes in exogenous variables.

Response to exogenous changes can be illustrated by experi-
ments carried out on a simplified version of the model. For ex-
ample a sudden influx of population into a stratum has the imme-
diate effect of reducing percentage employment and expenditure
per capita. However because wages are driven down the desired
labour force rises. Simultaneously profits rise so that invest-
ment is increased and the larger working force is balanced by a
bigger stock of capital. Expenditure per capita quickly recovers
to its former level.

For another example expenditure could be switched suddenly
from investments to consumer goods. Under these conditions the
sizes of the capital and consumer goods sectors rapidly adjust
themselves to meet the new demand pattern. The capital goods
sector becomes temporarily unprofitable and the size of its capi-
tal stock and labour force shrinks. The situation is reversed
in the consumer goods sector. The response of the model to sin-
usoidal inputs may also be tested by modulating one of the exog-
enous variables. Frequency response curves show well marked max-
ima indicating a resonant frequency between 5 and 7 years. The
frequency at which resonance occurs may be adjusted by varying
the time constants of the model. It is therefore possible to
make the model simulate the dynamic and cyclic behaviour observed
in the real world.

The time constants control the dynamic behaviour of the model
and affect the rate at which a state variable approaches its tar-
get value. Long time constants imply that the standard of living



"926T My ‘WNYVS sdoof yorqpeoy jueurwio( °g omdLy

QaNIval
- [Nollovua
- ~
+
+ anavaA
aaA01IdWa asaav
L) +
sS3aDVM +
4
/ -
]
- / P
1 P uoav
.. J/ AVHILIO o +
4
-
\\ + =3
/ Q3IAOTdWI
w
NOIL e + N3 N
-¥1Ndod V4 N\
s\
] S+
q /
[32] ’ +
— /,
/
+_ -
— XadaNi
O 1800
O
h
-1
+\\ [
M¥J01S -
aNviaa
LSOD ™ avioL
AHLOOWS| s
+ ~ \\
// \\
// \\
P - + +
Ed + IIIIIA -
AL
RGVr
!ﬂﬂbm
NOIL
~dWNSNOD

+
+
iNaW T,
- .
. .
" .
.
- cuo
+\-
s
. -
s 2
S
VLAY B
_ N
.
s .
b :
+/ :
g it
indino <
-
s
.
:
3
3
‘.
.,
e,
*e
e 3
.
o+
:
A H
“ .
. .
H
nuNL
IAN3IdX3
N o



-33-

is persistently lower than the standard attainable at full employ-
ment. The time constants also determine the rate at which seed
sectors take over the market of a conventional product.

During the last 200 years the standard of living has greatly
improved in most parts of the world. This improvement is associ-
ated with the development of new sources of energy and the substi-
tution of capital for labour. Part of the increase in the stan-
dard of living can be attributed to the growth in the capital
stock but there is a residual that can only be explained by an
intrinsic improvement in capital goods and production methods.
This factor is known as technical progress and model behaviour
is very sensitive to the assumptions made about it. For the
base runs it is assumed either that technical progress continues
at the rates observed in the past or that it follows a logistic
trajectory being constrained by some physical limit.

It would be preferable to make technical progress endogenous
to the system. For products that require bulk handling it seems
reasonable to associate technical progress with economies of
scale. 1In these cases total costs are related to capacity by a
two-thirds power law and unit cost is proportional to the inverse
of the cube root. This is because cost is related to surface
area and capacity is related to volume. In a growing industry
plant size tends to increase and it is often found that cumulative
production is correlated with falling costs related to economies
of scale. Persuasive technical progress algorithms might also
be based on vintage capital and production functions with increas-
ing returns to scale.

DEVELOPMENT

Population Projections

The most useful way to consider population trajectories is
to quantify the implications of different assumptions rather than
to build in mechanisms that are supposed to explain the underlying
causes of fertility change. However, to choose suitable explor-
atory trajectories some limits must be found which apply to the
speed of potential fertility change.

During the very long period of time before the development
of agriculture, the human population was almost stationary which
implies that the birth rate was on average equal to the death
rate. During the last 150 years advances in hygiene and medicine
have lowered the death rate and this has been followed by a fall
in the birth rate. Temporary increases in the death rate due to
the two world wars have been accompanied in each case by a tem-
porary increase in the birth rate. An analysis of the data from
40 countries suggests that the birth rate does tend to follow the
death rate but that the associated time constant that determines
the adjustment rate can vary widely. Very small time constants
are not observed and this places the upper bound on the rate of
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population adjustment. The UN population projections imply a
range of values of the time constant but this range is much nar-
rower than that observed in the real world.

It is possible to include a relationship in the model that
drives up the death rate as starvation occurs due to a deteriora-
tion in the food supply. Starvation-induced high death rates
will probably be indicated if the model is run with the higher
population trajectories but these tests have not yet been made.

Scope of SARUM 76 Development

SARUM 76 has a simple basic structure but it can be elabora-
ted and modified in many ways. It is possible to simulate all
the departures from the economic paradigm that critics have been
able to suggest. As far as possible the variables used in the
model are those actually measured and recorded. Where appropri-
ate, variables are measured in physical units (kilograms, hect-
ares, man-hours, joules, etc.). The relationships have been esti-
mated by standard statistical methods on empirical data.

SARUM 76 is capable of a wide range of behavioural modes and
this has been achieved in a simple model that is economical to
run. Different conceptions of the future can be incorporated in
the model and their implications worked out in detail. For ex-
ample it has been held that the technical possibilities exist for
supporting large populations in affluence and only need implemen-
tation. The feasibility of such a strategy can be tested by
setting up seed-sectors in the model representing industries which
desalinate sea-water, discard excess heat into the oceans and so
forth. Model runs will indicate whether such scenarios are eco-
nomically viable and whether the speed of development required
is likely in the light of past experience. The format of SARUM
76 compels attention to the economic and technical details and
displays the full implications of each policy option.

SARUM 76 can also handle the costs of pollution abatement.
These costs fall on producers but are passed on to consumers and
this may affect the pattern of demand. If people are prepared
to bear these higher costs they will approve strict legislation
that protects the environment.

A simple modification of SARUM 76 will allow for competition
for land between urban development, agriculture, and amenity space.

Availability of Program to Modelling Groups

Open discussion of world models and free availability of
programs is very desirable. Accordingly the program of SARUM 76
is available either on cards or magnetic tape to those who wish
to make use of it. A detailed description of the model will be
published by HMSO in mid-1977 as a research report entitled
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SARUM 76; Global Modelling Project. Program documentation can
also be provided. Successful use of the program requires famil-
iarization by using simple structures in the first instance.
Some assistance can be given in setting up initial tests.

DISCUSSION

Mottek opened the discussion of the SARU model by stating
that neoclassical theory is not adequate to describe disequilibria.
If the purpose of a model is to predict catastrophes or crises,
it should not use neoclassical theory. As a long-range model,

SARU should use neither neoclassical theory nor prices. Phillips
replied that they have tried to achieve a synthesis between the
simulation model and economic theory; economic theory defines

the target, the simulation model the trajectory.

Herrera warned against stressing analogies between biological
and economic systems too strongly; the dissimilarities are often
more important than the similarities. He went on to say that it
would be fallacious to believe that SARUM is equally well appli-
cable for developing countries as it is for industrial nations.
The treatment of the price mechanisms and the absense of "govern-
ment" to some extent make the model unfit to depict problems of
developing countries. Phillips replied that features depicting
better the mechanisms at work in developing countries could, in
principal, be incorporated into the model without any basic dif-
ficulties.

Lord Kennet stressed that economic theory, as incorporated
into models is increasingly incapable of depicting the economic
and social interrelationships really at work, both in less de-
veloped countries and industrialized nations.

Panov asked whether it is intended to incorporate into the
model the influence of different social policies on food consump-
tion, e.g. in different strata. Norse replied that this is not
intended.

Richardson wanted to be reminded of how supply and demand
are linked. Norse and Parker replied that the linkage basically
occurs via stocks, not by solving simultaneous equations at every
time-step.

Parikh pointed out that at a very low income level consump-
tion of cereals can be what may be called "inferior cereals”.
If one were to look at a selection of data of consumption quan-
tities in a country such as India, one would find that cereal
consumption at the very low level is not all that low. Norse
replied that this was not yet included, but it can and will be
included quite easily. The calorie coefficient pattern, how
many calories one gets for a dollar at different levels of income,
can be specified appropriately to take care of this aspect.
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Keyzer asked how the production choice is made between dif-
ferent types of crops if constant returns to scale are assumed.
Norse replied that the cropping pattern is assumed fixed. Keyzer
asked how the transition is made from cross-sectional equations
at the country level to the stratum level. Parker admitted that
they have no ready solution to this problem. Batteke pointed out
that in many cases social habits may impede the realization of
solutions suggested by equations that are based on the market
mechanisms.

Lord Kennet asked for more information concerning the back-
ward runs. Parker replied that, although the system of differ-
ential equations may be stable if run forward, it need not nec-
essarily yield the 1900 values if run backwards from 1970.

Panov asked whether the model is used mainly to prove or
illustrate certain economic hypotheses. Parker replied that the
model certainly reflects many aspects of accepted economic theory,
but in addition many dynamic relationships based on common sense.

Kaya asked whether a model that is continuous in time can
comply with quarterly or annual data. Parker replied that dif-
ferential equations depict reality better than difference
equations, insofar as decisions are also being taken continuously
rather than once a year.

Some discussion arose about the growth rate which is in part
chosen exogenously and partly yielded by the model.

Page asked whether the use of generalized data based manage-
ment techniques had been considered. Parker replied that, so far,
they have found it more convenient to prepare their own data.

Bruckmann remarked that a comparison of Gini coefficients
from different countries requires much caution. As a rule, Gini
coefficients are computed from income tax data rather than from
income data, and the Gini coefficient reacts very sensitively to
any truncation on the lower end of the distribution. Goodfellow
replied that these data were used mainly to obtain some general
conclusions.

Pestel wondered to what extent the model can actually be
used as a planning aid for the political decision maker. For
instance, does the model help to determine what decisions could
be considered "robust" (in the sense that they do not prevent
further corrections)? Hopkins underlined the importance of this
question; data on income distribution are often very poor, if
not misleading. Works by Kuznets, Tinbergen, and others have
shown that income distribution is rather equal at low per capita
values, tends to become more unequal when per capita income rises,
and levels off again when the average income becomes very high.
Hence income distribution cannot be considered stable. He also
believes that, if differences were measured in purchasing power,
the result would be that inequalities within countries would be
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more marked. Goodfellow replied that not all demand curves were
based on national data, but some on surveys for certain income
groups.

Preining asked whether the sensitivity of particular vari-
ables had been tested. Goodfellow replied that the Monte Carlo
approach gives good insight into this problem; it turned out that
the model reacts particularly sensitively to changes in prices.

Pestel pointed out that the rapidly changing age structure
(increase of proportion of people above 65) may have a much
stronger impact upon the demand pattern than income data. Norse
replied that his investigations have not yielded dramatic changes.

Keyzer asked whether the results of the parameter estimation
procedure were used as input for the sensitivity analysis, and
whether the results obtained from the model concerning agricul-
tural versus nonagricultural portion of GDP are fed back to the
income distribution. Goodfellow replied that the model is not
calibrated by a genuine estimation procedure, but rather by
"guesstimates". The same holds for the second question; a real
urban/rural split is among the plans for the near future.

Herrera pointed out that constancy of income distribution
tacitly assumes constancy of the social system. Any major change
of a social system gravely changes both the income distribution
and the pattern of consumption. This may be of particular im-
portance for new nations. Goodfellow replied that he and his
colleagues were increasingly dissatisfied with the kind of dis-
aggregation they used.

In reply to a question by Batteke, Goodfellow asserted that
the agricultural technological improvement function is of a lo-
gistic type, which leads to a certain leveling off after 30 years.

Parikh referred to the fact that, when the multiple regres-
sion technique was applied, only a small subset of the basic param-
eters explained the bulk of the variations, and asked whether it
had been checked if, by applying another Monte Carlo simulation
excluding the variations of these significant parameters, the
variations in the final output were small. Goodfellow replied
that no test rerunning of the Monte Carlo simulation had been
carried out, but the conclusions should be pretty robust.

M'Pherson asked whether the use of factor analysis had been
considered when it turned out that multiple regression techniques
did not yield any trend patterns in income distributions.
Goodfellow replied, that, mainly due to lack of time, this had
not yet been done. Roberts stated that the programs they used
are open to the scientific public to be used by whoever wishes
to use them. He warned, however, that it may take two to three
months before one had acquired sufficient familiarity with them
to do so.
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Richardson asked whether the basic differences between SARUM
and earlier global models could be summarized in a few sentences.
Roberts replied that SARUM is similar in structure to the
Forrester/Meadows model in as far as decision-making is program-
med into the model but that SARUM is descriptive rather than pre-
scriptive. Tempting as a constantly interactive model may be,
any interaction implies tacit assumptions about all other possible
interactors; we have neither world government nor world agreement
As to the optimal degree of disaggregation, this is not only a
question of maneuverability but also one of cost (in money or in
time). Pestel defended the interactive approach, if properly
mapped. If a model were to be of any use to a decision maker,
he must find himself or his role explicitly reflected in the
model.

Osterrieth asked whether the long-term goal of the model was
not somewhat obscured by short-term results and what the nature
of the linkages between regions was. Roberts replied that short-
term effects are only observed at the service of long-term devel-
opment and the linkages between regions are via trade only. Other
linkages could have consisted in capital movements, migration,
or direct aid. Test runs of these have resulted in surprisingly
small effects.

Lord Kennet asked whether SARUM has a main point or main
paradigm and whether or not the model has been or will be used
by British authorities. Roberts replied that the team undertook
its work in a rather open-ended way, hoping that the results
would be useful. SARU does not report directly to a minister,
but to a committee advising a minister.

McLean asked whether one model suffices to give advice to
the decision maker, or whether the outcomes of one particular
model can only be validated if compared to the outcomes of other
models. Roberts agreed that such comparisons would be valuable,
although in practice not often attainable. Hopkins stressed that,
to meet the needs of this world, prescriptive (normative) models
are more useful than descriptive models. Roberts replied that
explicitly prescriptive models may suffer from wishful thinking;
solutions given by a descriptive model are, in this sense, more
valid (e.g. the solutions proposed by MOIRA).

Gelovani pointed out that the descriptive approach used does
not reflect the mechanisms at work in a centrally planned economy.
Roberts agreed in principle, but added that as soon as both sys-
tems are demand driven, their black-box behavior shows distinct
similarities.

Slesser asked if the model provides an answer to whether an
elitist or an egalitarian society is better fit to achieve the
greatest spread of welfare. In reply, Roberts said that the
question should not be phrased in this way: The real problems
lie in the terrible impact of trade-offs; to give more food to
a growing population in poor countries makes them dependent on
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imports they cannot afford, to increase their own cultivated land
may result in ecological trade-offs, the more interconnected a
society, the more vulnerable it becomes etc.

Parikh warned against considering robustness of a model value
to be strived for as such from the beginning. Robustness can only
be determined by a sensitivity analysis after the model has been
completed. Roberts agreed.

M'Pherson opined that what has been expressed as a fault of
SARUM is in fact an advantage, namely of reflecting the market
mechanisms in international relations and not being prescriptive.
Herrera claimed that for long-term models the differences between
the normative and the descriptive approach begin to vanish; they
all become normative. On the other hand, it is impossible to
build an "objective" model. Roberts contested this statement;
in natural science, is it not possible to investigate free of
ideology? Herrera replied that any application of science is
determined by ideology. Roberts agreed that the choice of the
topic to be investigated is culture-dependent and therefore not
ideology-free, but the methodology used in the descriptive work
is not culture-dependent; there is no capitalist or marxist
thermodynamics or econometrics.






LONG-TERM NORMATIVE MODEL OF
DEVELOPMENT, MRI

R. Kulikowski, K. Borowiecka, M. Bojaiiczyk, H. Bury,
J. B. Krawczyk, L. Kru§, M. Makowski, H. Mierzejewski,
W. Rokicki, J. S. Sosnowski and E. Stapp

41






CONTENTS

FOREWORD

A. METHODOLOGICAL ASPECTS
R. Kulikowski

B. PRODUCTION SUBSYSTEM
L. Kru$§, M. Makowski, J.S. Sosnowski

B.I. Adaptive Model for Prices
and Technological Change
K. Borowiecka, J.B. Krawczyk,
R. Kulikowski

B.II. Optimization of Foreign

Investment Credits
E. Stapp

C. PERSONAL AND AGGREGATE CONSUMPTION SUBSYSTEMS
H. Mierzejewski

C.I. Personal Consumption
H. Bury

C.II. Health Service
M. Bojaficzyk

C.III. Education
W. Rokicki

DISCUSSION

43

45

47

193

232

248

263

290

302

334

359






FOREWORD

Research on the construction of long-term, normative models
of national development was started at the Polish Academy of
Sciences (Institute for Organization and Management and Compu-
tation Center) in 1972. At that time our main objective was to
construct a normative model that could be used for the long-
term planning and forecasting of national development.

We have constructed and investigated a number of different
models based on different methodologies and varying degrees of
aggregation. They mainly dealt with specific (sectorial) as-
pects of general complex modelling problems. In particular, we
spent a lot of effort trying to incorporate normative aspects
into the development models, described by nonlinear dynamic
production functions. Some of the models investigated seemed
very attractive from the theoretical point of view but needed
statistical data that were not available and in order to use
the data available we had to abandon certain rigorous concepts
and theories.

In order to have a good model of national development we
had to take into account the complex interactions between pro-
duction, consumption, demography, and environment. The model
also had to take into account the existing hierarchical manage-
ment system, the interactions and cooperation between regions
of the country and with other nations, including foreign trade,
credits, scientific cooperation, etc. It became obvious that
we could not model these spheres of activity successfully with-
out introducing the concept of decomposition (i.e. decentraliza-
tion) and aggregation. As a result the concept of a decentral-
ized system of models, in cooperation with a core model (called
MRI), was adopted. The concept was that a relatively simple
core model generating the basic macro-data used as inputs to the
sectorial and regional (more detailed) submodels should be con-
structed. The sectorial submodels generate data that are fed
back to the core. As a result an exchange of information between
core and submodels takes place and the general accuracy of mod-
elling (which can be checked in historical runs) increases. The
concept of aggregation also enables the linkage of different na-
tional models in order to construct a normative model of global
development. Following the concept described, we have constructed
several core models with different degrees of aggregation (labeled
MRI, I = 0,1,...,5), as well as a number of specialized, sectorial
submodels (such as energy, agriculture, regional, and environment
submodels) .

Research on the development of the existing and new MRI

models continues. The modelling is a continuous process of
approximation to constantly changing reality. Each particular
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model is a step in that approximation. The constant progress
in science, modelling technique, and collection of data enables
us to construct a better model at each step that offers a new,
improved tool for planning and forecasting purposes.

This paper reflects the present state of our modelling
methodology. As the core and data base, the MR4 version of MRI
has been used. 1In order to simplify the exposition we are try-
ing to concentrate on the methodological aspects and avoiding
many details (mostly in numerical and economic analysis).

The papers are grouped in three parts. Part A deals with
general methodological aspects; Part B deals with the production
subsystem and consists of three papers describing the construc-
tion of MR4, prices, and technological change and the effect of
foreign credits on national development; Part C deals with
personal and aggregate consumption, including in particular the
health service and education models.

The research and construction of MRI models would have been
impossible without the support and encouragement we have obtained
from many institutions and individuals. In particular, it is
our pleasant duty to acknowledge the support we got from the
Institutes and Scientific Committees of the Polish Academy of
Sciences, the Planning Commission, Central Statistical Office,
and many specialists, representing the economic, technical, and
environmental sciences.

We would like to convey special thanks to the Soviet scien-
tists from the Central Economic and Mathematical Institute
(CEMI) and Institute of Management Problems (IPU) who invited
us to Moscow to present the MR4 model. The discussions we had
in Moscow were very helpful and stimulating for our future re-
search programs.

R. Kulikowski



A. METHODOLOGICAL ASPECTS
R. Kulikowski

47






INTRODUCTION

Few academic discussions in recent years have become as
controversial as those regarding the application of computer-
operated mathematical models (see Reference [7, 10]) which fore-

cast the future of mankind.

It has been argued, for example, that the modelling metho-
dology usually takes a descriptive, i.e. passive, attitude with
regard to global development processes. As a result, even slight
tendencies towards a crisis may appear as if they had been
determined, in which case the whole future development appears
predestined and "doomsday" seems inevitable. It has also been
argued that descriptive models do not take into account the
changes in the system of socio-economic values and development
goals, which have a direct effect on the consumption structure,
allocation of resources, prices, fertility, and the growth of
population, etc. Since, in descriptive models, decisions cannot
be introduced explicitly, one cannot find out what can be done
when the crisis is in sight and what chances one has in trying to
avoid or reduce the effects of the crisis. It was proposed that,
in order to have a realistic global development model, the norma-

tive rather than descriptive approach should be used.

First of all, that approach requires the existing system of
national development goals and the decision system, which is
capable of implementing these goals, should be investigated. It
is also necessary to investigate to what extent the system of
development goals can be realized when one takes into account the

constraints imposed by shortages of resources, protection of the
environment, etc.

Since most of the decisions regarding the allocation of
resources take place at the national or regional level, it is
convenient to start global modelling efforts with relatively
simple national models. The next feasible step is to see whether

49
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the national development policies could be coordinated in order
to make the best contribution to the welfare of global develop-
ment. It is possible to observe that,using the above approach,
one arrives at the global model by a "bottom-up" process of con-
struction and linkage of national submodels. Another possible
approach employs the "top-down", or decomposition technique. The
advantage of the "bottom-up" technique is that one can use the
original data base, whereas the "top-down" technique uses mostly
aggregated data (from international organizations) which must

again be decomposed when the model is extended.

An additional advantage of the "bottom-up" approach is that
it enables many gquestions to be answered regarding the perspec-
tives of national development. In particular, it is possible to
learn how global development affects the national plans of
development; what the possible national specialization in produc-
tion, trade, research and development, etc., could be; what the
best policy is in population growth, specialization in education,
science, etc. Such an approach is also helpful when trying to
answer the basic question: How much can a country benefit from
international cooperation? Should it follow the strategy of
complex isolation and autarky or engage in any of the various

forms of international cooperation?

Using the optimization theory, we shall demonstrate that the
strategy of broad international cooperation yields a faster socio-
economic growth. The strategy of international cooperation (e.g.
The Council for Mutual Economic Assistance (CMEA) created by the
socialist countries) has already proven to be beneficial to each

member country.

The approach used in this paper can be called "optimistic"
(compared to the approaches used in the so called " bPoomsday Models")
in the sense that it relys on the realistic assumption that mankind
will choose the policy of international cooperation and will
optimize the allocation of scarce resources rather than follow
the passive attitude and apathy when confronted with a crisis or



-51-

catastrophy. The increase in international cooperation, especially
after the Helsinki Peace Conference, indicates that such a strategy

is feasible.

Following the "bottom-up" approach, outlined above, research
on the construction of a long-term,normative model of national
development was begun in 1972 at the Polish Academy of Sciences.
As a result of that research, a number of models (labelled MRI,
I1=0,1,2,3,...) were constructed. The purpose of the present
paper is to describe the general methodology which was used for

the construction of MRI models.

The most difficult problem the modellers faced was the
necessity to formalize the development goals which were formulated
in a descriptive form. The next problem was to describe the
system under consideration in mathematical language; i.e. find
the appropriate models of production, consumption and environ-
mental subsystems, as well as the set of development constraints.
In order to do that we have been trying to use, as much as possible,
the existing methodology in macro-economics, environmental studies,
system analysis and computer sciences. In this respect, papers
written by scientists from socialist countries (1, 3, 9, 13, 17,
38, 42, 43, 44] were of particular help. However, many sacrifices
were inevitable, especially in the cases where existing theories
did not fit well together. Some extensions of the concepts

commonly used were also necessary.

As far as the development goal was concerned, the classical
utility theory seemed appropriate but an extension enabling us to
deal with dynamic processes was necessary. The Polish national
development goals and policy objectives are clearly outlined in
the Constitution of the Polish People's Republic. According to
the Constitution, "national policy should contribute to the
country's full political, socio-economical and cultural develop-
ment. It should contribute to the national strength and indepen-
dence, realization of socialist ideology, strengthing of friend-

ship and cooperation with allied countries and all peaceful
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nations in order to consolidate and secure global peace". The
Constitution also states that the main socio-economic goal of
Polish internal policy is "systematic improvement of the material,
social and cultural living conditions and the constant develop-
ment of production factors". Realizing these goals, the Polish
government submits the budgets to the Polish parliament at the
end of each year for approval. In other words, the nation decides
each year how much of the GNP generated should be spent on indi-
vidual consumption, productive investments and government expen-
diture, i.e. the aggregated consumption including education,

medical care, research and development, etc.

According to our methodology, the 'ex post' data for the
allocation of GNP can be used for the construction of a national
utility functional. That functional can be used 'ex ante' to
derive the future strategies of resources allocation which will

also be called here, "the development factors".

We have assumed that all the development factors contribute
to the development, i.e. the GNP growth and a generalized Cobb-
Douglas function has been used to describe the corresponding
development functional. The functional takes into account all
the inertial effects, caused by the delays in investment,
education, research and development, etc. processes. Then the
development problem can be formulated in terms of the optimum
allocation of development factors. One should obviously follow
such an allocation strategy that yields the maximum value of the
GNP, generated within the planning interval, and is subject to
the constraints imposed by the quality of environment, shortages

of natural resources, foreign trade balances, etc.

Since the utility and development functional parameters are
closely related, the maximization of the integrated GNP is equiva-
lent to the maximization of the utility functional. As a result,
the development goal takes into account all the socio-economic

subgoals which are represented in the utility functional by the
corresponding factor endowments.
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It should be observed that the optimization of development
plays an important role in the policy of socialist countries,
which use an effective system of allocation of development factors.
The importance of mathematical methods in the planning practice

of these countries has been fully recognized [1, 9, 13, 43].

From a mathematical point of view, our optimization problem
boils down to the maximimization of an integral, nonlinear
functional, subject to a number of integral and/or amplitude
type constraints. The solution to multi-variable problems of
that type is, generally speaking, not easy. As shown in
References [19 - 31], the method based on the generalized H8lder
and Minkowski inequalities is, in that respect, very effective.

A solution to the optimization problem exists and it is unique.

It can be derived in an explicit form, independent of the number
of variables involved. Another advantage of the approach used

is that under optimum strategy, the sectorial development func-
tionals can be aggregated to yield a simple resulting development
function. 1In other words, the optimization process can be
regarded as a useful aggregation device. Using this device, it

is possible to allocate the development factors in the optimum
manner along the hierarchical, multilevel structure, which corres-
ponds to the decentralized decision system of Polish economy.
According to that system, productive investments, labour and

other development factors can be allocated by the decision centre
(which is the Planning Commission) among the production sectors
and services. The sectors, in turn, allocate the factors among
the corresponding subsystems or individual factories. The factors
are also allocated among different regions of the country. 1In
addition, the sectors decide on how much of the commodities
(produced by the other sectors) to purchase in order to have the
next sector profit maximized. The model incudes a system of prices,
controlled by special government agencies in such a way as to
achieve the equilibrium between the supply and demand. The prices
are also supposed to realize a number of further requirements
which will be discussed in Section 2.3.
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From the point of view of control theory, the model discussed
can be regarded as a complex, nonlinear system with inertial feed-
backs controlled by the hierarchical decision system. The system
parameters (i.e. the technological coefficients) change slowly in
time. 1In order to control such a system the methods known as
"adaptive control" can be applied. As will be shown later, an
"adaptive control" model of the technological change can be con-
structed. Using this approach, the model parameters are "adapted"
to the changing reality, and a high degree of accuracy can be
achieved. An interesting feature of the model discussed is the
slow change of thegoal(i.e. utility) coefficients. This kind of
system is unknown in classical control theory. In order to solve
the problem effectivelyy a moving time horizon technique has been
used. This technique is based on the consecutive solutions of
the optimization problems in the planning intervals [k, T + k],

k =0,1,2... and adjustments of the resulting strategies. It
should be noted that the methodology used for the construction
of MRI models, can also be applied to modelling the development
of other countries, primarily all the CMEA countries. The
exogenous variables, such as foreign trade price indices, then
become endogenous; i.e. they can be derived from the aggregated

multinational model.

Bearing in mind the general philosophy outlined above, the
present paper has been divided into three parts. The first part,
consisting of five sections, deals with the single-sector model.
In the first section the development factors and development
functions are introduced. In the simple case of two development
factors (capital and labour), the development function coincides
with the known production function used in macroeconomics. The
next section deals with optimum development problems. Here, the
important "principle of factor coordination"” has been formulated,
and optimization strategies derived in the explicit form. The
third section, where the optimization of population policy has
been formulated, deals with long-term development planning
problems. Then the pollution impact on environment and develop-

ment was investigated. It was shown that an increase in the
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pollution abatement level decreases the growth of GNP. The
last section deals with development objectives and utility func-
tionals where an extension of the "golden rule" of development

has been formulated.

The second part of the paper =-- the multi-sector case --
deals with an extensijion of the results obtained in Part I. 1In
the first section it is shown that with optimum stratecy the
sector contributions to GNP do not depand on the intersector
flows so that decomposition of optimization strategy is possible.
In the second section, the optimum strategies have been derived
by the explicit form and the sector coordination principle
has been formulated. The third section deals with the model of
sector prices and the last section deals with the "adaptive" model
of technological and structural change. The third part of the
paper deals with the regional and international cooperation models.
Further details concerning the methodology used and models con-

structed can be found in References [19 - 37].

The author appreciates receiving the invitations to visit
the International Institute for Applied Systems Analysis, where
he has been able to study the global modelling problems. Dis-
cussions with Prof. T. Koopmans, Pxof. F. Rabar and other

scientists have been very helpful.

Special thanks should also be given to the Soviet scientists
from the Central Economic and Mathematical Institute and the
Institute of Management Problems in Moscow, for the wvaluable
comments on the modelling problems which have been presented

in the paper.
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I. Single-Sector Model

1.1. Development factors and functions

By the development process here we understand a complex

dynamic process described by the vector X = {X1(t),x2(t),...,Xn(t)}
which depends on the vector Y = {Y1(t),...,Ym(t)} of the
development factors Yi(t), i=1,...,m.

A typical example of such a process is a n-sector economic
system with the outputs X depending on the production factors:
labour and capital stock.

In a more general case (illustrated by Figure 1), one can
assume that X depends as well on social and environmental factors
such as health, education, research and development level,
housing, transport, quality of air, water etc. The factors
Y., i=1,...,m are regarded as external (exogenous) while
X., 1i=1,...,n, are dependent (endogenous) variables.

We shall assume that the X(Y) relation can be described by
n development functions

F,[X,¥,t] =0 , i=1,...,n , (M

Since the direct solution of (1) is usually not easy, a
linearization technique may be applied. Assume for that

purpose that around the point (X4, Y to) the functions (1)

ol
are continuously differentiable so that (1) can be replaced by
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n . m \ . '
]zi Fi, Xi+ 3 FiyV Y +F;, =0
v=1
(2)
i=1,...,n ,
where
] ) ]
Fixj’ Fiyv ' Fit are partial derivatives of Fi.
The next assumption is that around (X,,¥,,t;)
A A
] a ' E]
Fiijj =ay; FiyVYv b,;
i,j=1,...,n , v=1,...,m ,

do not change much so that (1) can be approximated by the

linear equations:

) 1 '
a..p_ . + b..p +F., =0 ,
3=1 Ji x] v=1 V1Y it
(3)
i=1,...,n ,
where . .
] v
pxj = Xj' pyv = ?; are called the growth coefficients.

When the determinant of [Bji] is not zero, the system (3) can be

solved with respect to Pyi’ i=1,...,n, i.e.

X T Y
Oxi=x—.=ui(t)+ z BVi—v ’ 1=1,...,n ’
i v=1 Y (4)
Y
where
Bvi = given numbers;
ui(t) = given functions.

Assuming xi(O) to be given, one can integrate the

system (4) and obtain (see [36]):
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IE oy (tdr m Boi

X, (t) = K;e [y, (&)1 Ve (5)

v=1

m -B. .
1 1y (0)] v, i=1,...,n .

K, = X.(0)
1 v=1

1

The functions (5) should be regarded as an approximation of the
more general relations (1). They express however the "input-
output” relation in the explicit form. The functions (5) shall
be called the (explicit) development functions. In the simple
case of a single sector and m = 2, and when ui(t) = 33 = const.
and Y1,Y2 represent the labour and capital respectively, the
function

Y, Y, ’ By + By < 1, (6)
is the classical Cobb-Douglas production function with the
neutral technical progress represented by yu.

The development factors obviously depend on the expenditure
intensity zv(t), v=1...,m. For example, capital stock
depends upon the investments; the education level, R & D,
medical care level, etc., depend on government expenditures.
These relations can generally be described by the strictly
concave, integral operators [19]:

t o
Y (z,) =¥ (¢) = J K,(t = 1) [z (1)]7dr (7)
where

Kv(t) is a non-negative function, which can be ap-
proximated by:

_Gv(t'TV) [
~ K e t>T (8)
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Ky’ Gv, Tv = given positive constants; and 0 < a < 1.

There 1s a simple interpretatiocn of Yv(zv) in the case of
v = 2, when Y, represents the capital stock and z, is the
investment intensity. Here the capital represents the accumulated
investments ZZ(T) for v < t; 62 represents the depreciation
(aging, wear and tear) of capital stock in time while T2 is the
construction delay, i.e. the time required for investment funds
to materialise in the form of new production capacity. The
inertial effect of investments on the plant capacity Y2(zz) is
illustrated by Figure 2, for the case ZZ(T) = const. 0 < 1 < T2'
It is possible to observe that the plant capacity decreases for
t > 2T2 if no investments are being made after t > Ty The
construction delay Tv for different branches of economy, ranges
from one to four years, while Gv is usually assumed 0.1 - 0.05.

A similar interpretation (except labour) can be given
for the rest of Yv(zv)’ v=1,...,m, factors. In the case of the
health service & = 3 according to Figure 1) one can assume, as
a first approximation, that most government expenditure is used for
new facilities (hospitals, medical equipment, etc.) so that
Y3(z3) behaves in a similar way to Yz(zz). The same assumption
can be made with respect to the rest of the development factors.
However, that approach neglects the effects of current expenditures
and qualitative factors, such as knowledge and qualified services.
For example, the health-level depends greatly on the training of
medical and scientific staff, i.e. on the "investment" in employed
specialists. The depreciation of Y, (v > 3) in time, results not

only from aging of equipment, but also from the depreciation of
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knowledge acquired in the past. The "production" delay Tv in
the case of education is the basic tuition time period, which,
at present in Poland, is 10 years.

The observation made above indicates that the possible
development-factor-parameters may vary in a wide range of values.

The general expression (7) simplifies in the case of
labour force (v = 1). It can be assumed that labour does not
depend on past salaries, so

Y, (z9) = K lze(0)1% . (9)

The same effect can be obtained assuming in (7):

K1(t) = K16(t) '

where

§(t) = Dirac's pulse.

In the production model under consideration it is important
to deal with strictly concave operators so the numbers

B

vi? & satisfy the conditions:

m
Z g .=1 , i=1,...,n , 0 <ac<1 ,
v=1 V!

which are called the "decreasing return to scale".
It should be noted that (7) can be written alternatively

as
t

- o
Y\)(t) =Y (t) + J K,(t - T)[zv(T)] dt , (10)
0

where

- 0
Yv(t) = I Kv(t - T)[zv(T)]adT represents the effect of

- 00

past expenditures (i.e. zv(T), t < 0).



-62—

Ya(t)
Zy(t)
—»t
0 T, 21,
Figure 2.
[
AY, (t)
z,(t) /
» t
-, 0 -7, T
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In the case of (8) one canalso write

-5Vt t 5vT o
Yv(t) = e Yv(o) + J K,e [zv(T-—Tv)] at} (11)
0
which can be regarded as the solution to the differential

equation
v = (t - T )1
Yv(t) + Sva(t) = Kv[Zv v '
with the given initial condition Yv(O).
It should be observed that the function

-ﬁvt
Y () -e VY (0)

AYv(t)
t =5 (t-T1) _ o
- [ xe V [ZV(T Tv)] at
v
0
in (11), can be regarded as a present contribution to the

development resulting from previous expenditures (i.e. the

expenditures shifted by T, as shown in Figure 3).

Since the statistical data regarding the production effects
and expenditures are usually collected periodically (e.g. once
a year). It is convenient to deal with the discrete (instead of
continuous) development functions (7) - (11). In particular (11)

can be written

-th t GvT o
e Y (0) + TZ K e [Zv(T -T)] .

Y (t)

t

011121--o
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dsing the discrete form of development factors, the output is
represented by development capacities belonging to different
generations, For example, capital stock can be regarded as
being composed of equipment acquired in different years. 1In the
subsequent computations we shall use the continuous form of
Yv(t)’ which is a matter of convenience rather than general
methodology.

It should also be observed that in dealing with the

development function of the form
o m m
X=he® LY L By = (12)

instead of (6), it is possible to express the contribution to
development which results from government expenditure in

different areas. In order to do that it is convenient to

intraduce the notion of the growth coefficientt& = %, of the

differentiable function x(t). It is easy to show that the
growth coefficients derived for the functions (6), (12) become

=y + +
P = M Bipy Bzoy2 ,
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respectively. In the case where 81 + 82 = R < 1, the terms

m

vay can be regarded as a contribution of Yv - factors,
v=3 A\

(v > 2), to the development. Such an approach has already been
suggested by many authors (e.g. Ref.[8]). The difficulty is,

that the data regarding py are usually not available. One
v

usually has, however, data for the expenditures growth, i.e.

, v=1,...,m, which are related to Yv by the integral

equations (7).

As will be shown in the following section, it is possible
to express the contribution to growth which results from
expenditures zv(t), v=1,...,m, but the contribution is expres-
sed in the integrated form (25) rather than the discrete one

(in terms of Py, ).
v

It should also be noted that, when o, = 0, the value of

m
z vay can be interpreted as the neutral technical progress
v=3 v

in Hicks' sense. It incorporates the parts which magnify the
labour as well as the capital stock level. The relation to

government expenditure in this case, however, is explicit.

1.2. Development feed-backs and optimum development problems

Development in the model analysed is a result of positive

feedbacks which exist between the output Y = pX (where p price

attached to the production X) and the expenditures Z,s v=1,...,m,

which constitute the given parts of Y -- the GNP generated
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by the economy (Figure 4). The decision center (D.C.) allocates
the GNP between different development factors, including
labour (i.e. private consumption) and government expendi-
tures (health, education, R &€ D, etc.) in such a way that the
given development goal attains its maximum.

The aggregated production function can be written,

(11) as

according to (5)

g M B

y(¢) =k e (v ()1 VvV , (13)
- v
v=1
t
-8 (t-T)

Y (t) = J e V [z (1 - Tv)]adr , (14)
m
v£1 Bv =1 , 0<ac<1 , u,Gv >0 ,

where zv(t) should satisfy, generally speaking, one of the
following two sets of constraints:

a) the amplitude type of constraints:

m
v£1 z (£ - T) < z(t) , (15)
zv(t - Tv) >0 , t e [0,T] , v=1,...,m

b) the integral type of constraints:

T
J WV(T)zv(T - Tv)dr < Zv ’ v=1,...,m ,
0 (17)
m
v£1zv <z , z, 20 , v=1,...,m , (18)
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where
T is the given planning horizon and wv(t), v=1,ee0,m,

the given weight functions.

In the most simple case Tv= 0, v=1...mit is possible to

replace Z(t) by Y(t - 1). 1In that case the constraint (15)
has the following meaning. The GNP generated at the end of

1.
the year t - 1 is allocated at the year t among m development

factors, i.e.
zv(t) = Yv(t)Y(t -1 , V=1,..m ,
where

m
I owyte)y =1, t=1,2,.0.,
v=1

vy (t) are decision variables.
v

In the case when some of the government expenditures, say

z, = Yo,¥(t = 1), have no productive effects, one should write
z(t) = (1- Y Y(E = 1) .

In the case when T, =T, » V = 1,...,m , one obtains

zv(t_To)=Yv(t - TO)Y(t - T0 -1 , v=1,...,m .

When Tv > T the corresponding zv(t - Tv)' t ¢ [0,T] strategy

shifts outside the planning interval (see Figure 3). 1In that

case zv(t - T,) should be regarded as an exogenous {given) function.

o+
In economic literature the delav taking place bhetween the

output y and the imput Z,s is called the Robertson's post-
ponement [2].
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In the case when Tv is different but Tv < T, one obtains
m
Z (t) =v£1 Y, (E-T )Y (e-T~1) |

-D(Tv+1)
Assuming that Y(t-TV-1) = Y(t)e

, where P is the
average annual growth of GNP in [t-Tv,t], the above relation can
be also witten as

m ~
2(E) = [ g0, 2,06 =y, (Y@, (19)
V=

where
~ —p(Tv+1)
Y, (t) = Y, (E-T De

It should be observed that, usually

Y (6) <1 .

e~ 8

The number 2 in (18) can be assumed equal to
T
Z = [ w(t) 2(t) 4t , w(t) = given discount function
0 (20)
The amplitude constraints are characteristic of the development
in a closed economy (autarky) when expenditure used for factor
endowments (i.e. investments, labour, education, R & D, etc.) are
strictly limited by the GNP currently achieved.

In the case of integral constraints, it is possible to make
use of international cooperation by taking foreign credits,
exchange in skilled labour, expertise, etc. The only requirement
is that foreign cred<its should be paid back together with the

interest, described by the functions Wv(t)’ of the type
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W) = (1+e)TF , ve1,.m

As will be shown later in the case of cooperative development
(i.e. development subject to (17) and (18) only) growth is faster
than in the case of complete autarky (i.e. development which is
subject to (15) and (16) only).

Before we formulate the corresponding optimization problems,
the optimization goals should be introduced.

In the present section, the discounted and integrated GNP

(within the planning interval)

Y = JT w(t) Y(t) dt, (21)
where °

wit) = (1 +e) F=e* | (A=1n(1 +e)),

€ = the given discount rate ;

will be used.

The problem of optimization of development can be formulated

as follows. Find the strategies z (t) = Qc(t)' v=1,...,m ,

which maximize (21) subject to the integral (17), (18) and/or

amplitude (15) (16) constraints.

From the mathematical point of view, the optimization problem
formulated boils down to the maximization of the strictly concave
functional subject to a number of functional (17), (18) and
operator type (15), (16) of constraint. There are many well known
techniques suitable for attacking that problem. We shall use
here, and in the next sections, a relatively simple technique
which makes use of some well known integral inequalities (HS8lder
and Minkowski inequalities, mainly). As shown in Reference [20],
that technique enables the expression of optimum strategies in a

simple and explicit form.
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First of all it should be obseryed that in the planning practice

instead of dealing with time variables Yv(t), v=1,..,,m, the

integrated discounted values
-Avt _
e Yv(t)dt gy, y V=1,...,m,

where Av = discount rates, are being used.

In the case when the amounts of factors ?;, v=1,...,n,
within the planning interval [0,T] are given one would like to
know how the factor intensities Yv(t) should change in time in
order to maximize (21) subject to (22).

Using the generalized HO8lder inequality

T
Y=K_g
AV

T 1/8 B
£ (t)dt < K T _g £ (t)]  Vat} Vv
v ~ v=1 \Y

n=s
=}

1

where

-A_t B A m
f\)(t) =[e v Y\)(Z\))] v , (A =u+ Z)\B) ;

one finds that (23) becomes an equality if (almost everywhere):

1/8v 1
Cvlfv(t)| = |f1(t)| + €, =const., v = 2,...,m

and c, according to (22) becomes ecual Y1/T , i.e.

\Y

e V v, (zy), 0v =Xy~ A, + V=2,...m

Yv(zv) = 1

One finds also that under optimum strategy z, = z.

..m, which satisfies (25), the output

(22)

(23)

(24)



-71-

while

m
p = Y(t)/Y(t) =]} A8, + B = A .
v=1

The obtained result indicates that Y attains maximum value
§, when the factors fv(t)’ v =1,...,m, change in coordinated
fashion. The relation (25) will be called, therefore, the principle
of factor coordination. According to that principle the capital,

education, research and development etc. should change along with
employment in fixed proportions.

When the coordinated growth strategy is used it is possible
to separate the contribution of g to growth, i.e.

m -Bv 01t t —61(t—T) o
Y=K I c, dt e e [21(T-T1)] dt
\):2 (8] 0

1

Y + AY , 8, = u —- A

]

where Y is the contribution to GNP resulting from past decicsions:

zv(t) , Tt < —Tv , v=1,...,m, and

m -B T 01t -61(t—r) o
AY = K T ¢ v .gdt e ie [z, (t-T,)]%T  (26)

represents the contribution to the GNP in the planning interwval
{0,T], resulting from the expenditures zv(t) t e [—Tv’ T - Tv]'
ve=1,..., m, as shown in Figure 3.

First of all we shall solve the optimization problem subject
to the integral constraints (17) only. Changing the integration
order in (26) one can express (26) in the form:

m T
= Moy U f lwy(mzg (-1 % g (08 (enfar , g = 1w, (27)

K=

1T St=8, (t-T)
KW, (1) f e dt
T

-1 l
< wq (1) 6611 e(01—61):e(01-61)T] 3
& =9,

r§
—
—~
-
~—
t
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Applying the H8lder inequality to (27) one gets

m —Bv T o T lq
AY < T ¢, [ |w1(T)Z1(T - T1)| dat [ |w1(T)¢1(T)| at ’
v=2 0 ) ’ 0 s

where the equality sign holds when

~

z (1t - T1) = c1¢1(T) ’ c, = const, T € [c,T1 .

1
The constant ¢, can be derived by (17) yielding

”1(t)

Z, - (28)

Z1(T - T1) = =7
w, (T)¥, (1) drt
1 1
0
In order to find the remaining strategies ﬁv(tL v=2,...,m,

it is necessary to solve the set of integral equations (24):

dt (t =8 (t-T1)
v [ e V [Zv(T - Tv)]a drt

[z (T—T1)]a dt , Vv=2,...,m . (29)

1

For that purpose it is convenient to use the Laplace transforms

of (29) [24]. For example, in the case whenna)= 0, v=2,...,m,

one gets T
Ev (t - Tv) = Cv¢v(T) ’ vV=2,...,m
where 1
a T -GJ(T-t) o =
¢v(T) = [21(T - T1) + (Gv - 61) J e 21(t - T1) datl™~ ,

0
and the constants c, can be derived by (17) yielding

¢ (1) 2, , Vo= 1,...m . (30)

ﬁv(T - Tv) =

T
fo w, (1) €, (1) dt

f When ov f 0, v=2,...m , one finds easily by differentiating both

sides of (29), that (30) holds but fv becomes 1/

dv T R _
f,(1) = e CIN {zi(T-Tl) + [(Gv'él)'db] Joe‘él(T~t)Zg(t Tl)dt}
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As follows from (30) in order to have the strategies 2v ’
v =1,...,m, which satisfy the conditions (16) it is necessary to
enumerate the development factors in such a way that Sv > 61
v=2,...,m, i.e. v = 1, should be assigned to that factor which
has the smallest depreciation in time.

Since %v(t), depend in linear manner on z, it is possible

to see that the GNP value (21) under optimum strategy can be

written in the form

Y(z) =Y + AY(2) ,

where

' (31)

m
= 9 -
Ay (2) = G E Z R Y, = an

G = a number depending on K, T, Tv' Gv' v, parameters.
Now it is possible to derive the optimum values of expenditures
Zv = Ev R V=1,...,m which maximize (31) subject to the
constraint (18). Since (31) is strictly concave in the compact
set (18), a unique optimum solution exists and can be derived by

the following formula:

2 = —-——12=8172 , v=1,...,m (32)

When the optimum strategy (32) is set in (31) one obtains
- q Yv
aY = a¥ = 6? T 8 Y 2z ,
v=1
which represents the maximum possible development increase under
integral constraints. The value of Z here, represents the total
resources which have been produced and used in the planning interval

[0,T].
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As follows from relations (19), (20) one can assume Yy equal
m

to the average of y (t), v = 1,...,m, so that ) Y, =&, and
v=1
2 = aY . Then
_ m oy a
y=Y+c¥ 1 v, Y . (33)

As shown in Figure 5, a unique solution Y = Y* of the
equation (33) exists, which determines the GNP generated within
[0,T] under optimum strategy.

Since o < 1, the contraction property of the right side of
(33) takes place for any given T or G(T). It should also be
noted that when o approaches unity g -~ 0 and the function ¢1(T),
which determines 21(1), goes at t = 0 to infinity, i.e. it approxi-
mates the Dirac's 6(t) function.

It is also possible to show that the optimum strategy,
derived for the amplitude constraints (15), (16) degenerates
(for « + 1) in the so called "bang-bang" strategy, which requires
maximum expenditures at the starting subinterval of [0,T] and
expenditures equal zero for the rest of the planning interval.
Such strategies cannot be implemented in the real systems. That
was one of the reasons why the complex nonlinear production
functions (l4) have been used here instead of relatively simple
linear (a = 1) relations.

It should also be observed that when one sets Z=ay the open loop
solutions (30) and (32) become the "closed loop" solutions. Such
a procedure is in agreement with the planning practice, which
makes projections of GNP rise in order to determine the amount of
resources which can be spent on investments and other government

expenditures.



-75-

LABOUR FORCE

R
Y P4}

- PRIVATE
WAGES | CONSUMPTION

PRODUCTION

Y' ......YZI
PRODUCTIVE
¥=13,..m || \VESTMENTS

GOVERNM. |
EXPENDI- v
TURES v=3..m
Figure 4.
Y
Yh
o H Yy«
- y:] y
—70 | GROWTH
=z~ | |  AFFECTED BY
Y - 1 POLLUTION
I ; ABATEMENT
I | POLICY
[}
I
YXX YX

Figure 5.



-76-

Using the general solution method described above, it is
possible to investigate some important, special cases. For

example, consider the problem of optimization of functional:

T (ct
AY = I {J e 8 (t-T) [z, (1) 1° dT}B [z1(t)]a(1_s) at , (34)

0 0
subject to

T

J z1(T) dt <z , z, (1) 20 , (35)
0
T

J Zz(T) dt < 22 R ZZ(T) >0 , t e [0,T] . (36)
0

The variable ZZ(T) can ke interpreted as investment intensity,
while Zj(T) is the labour employed. The total amount of capital
and labour in the planning interval [0,T] is limited according
to (3¢) and (35). The problem consists of finding the optimum
strategy of investments 22(t) and employment 21(t).

The strategy 22(t) becomes, by (28):

e, (1)
_ 2
g, =7 — %
I‘ ¢§(T) dr
o
where 1 1
T — —-
e, (c) = J -8t gda {% [1 - e-G(T-T)]}q .
T
The equation (29) becomes
o t =85 (t=-1)
c, z, ()% = | e Yore (1% ar . (29")
1 1 0 2
Then
% (t)
21(t) =TT Zq !
0
where

|_l

ﬁ(t)

t
{f Ty () dT}a .
0
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The functions 2,(t), Z,(t), #(t), for a = % » 6T = 4, and
with accuracy to the degree of constant multipliers, have been
shown in Figure 6.

The optimum strategy of investments 22(t) decreases to zero
when t + T, while the labour employed 21(t) increases along with
t, according to the factor coordination principle, in such a way
that it is proportional to the capital stock ¢1(t). It is also
possible to solve the problem when z1(t) is given exogenously,
while 22(t) is chosen in such a way as to satisfy (29').

Since the optimum investment strategy zz(t), for integral
constraints may violate the admissible values Y2Y(t), Y, = given
number, at the beginning of the planning interval, as shown in
Figure 7, it is also necessary to find the optimum strategy for
the amplitude constraints (15). Since no harm can be done when one
assumes the equality sign in (15), the unknown 21(t) can be

derived from the equation

m
z(t) = v£1 2,(t - T)) = 2,(t - T,)
n a t _61(t—T) a al
+ Z <, 21(t-T1)+ (s, - 61) JO e 21 (t - T‘) at
v=2

In the case when a = 1, one can solve that equation by means of

Laplace Transforms:

- e Z (p)
ﬁl(t T1) < ' (37)

where
Z(p) = «L{z(t)} .
The numbers Cyr V= 2,...,m in (37) can be chosen in such a

way that:
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o€ =1/2

Figure 7.
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= T =Y, ’ v=1...,m R
) z (t - T) drt
v=1 fO v v
where
m
Y, - given numbers , v21 Yy, =1 -

It should also be noted that the optimization method des-
cribed in the present section can be used to deal with the situ-
ation when the development factors and the expenditures zZ,
v=1,...,m, are subdivided into different, hierarchically
ordered categories, as shown in Figure 8. For example, the pro-
ductive investments can be split among m subcategories (e.g., the
investment goods supplied from the different sectors, imported
investment goods, foreign credits, etc.). Education can be sub-
divided into elementary, secondary and higher education, etc.

For example, consider z, in (26) as being composed of
v

z, ’ v=1,...,m factors, so that the production function

can be written:

T t _ _ m Y
AY = K f at &%t f e~ 8(t-T) g [z (t - T)1 "V dr , (38)

0 0 v=1.
where
T
fo wv(T) z, (1t - Tv) dr < Zv ' ve=1,...,m R (39)
m
! z, <z, (40)
v=1

zv(t - Tv) >0, 2, >0, v= 1,¢c.,m , t e [0,T] , (41)
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In order to find the strategies z, = 2v , v=1,...,m,
which maximize (38), subject to the constraints (39) - (41),
change the integration order in (38) and use the generalized

H8lder inequality:

T m Yy
AY = J I [zv(T - Tv) wv(r)] [sO(T)]q dr , g=1=-a
0 v=1
m =Y. T l
e(7) = {K T ow (1) J A dt}q ;
v=1 v T
m T | Yv T | q
AY < 0T J z (1t =T ) w (1)| dt I v(1)| dr .
T ov=t { 0 =y vl TV } { 0 |
(42)

The equality sign in (42} appears when

Qv(T - Tv) Wv(T) =c, e(t) , v=1,.0e,m, 7T¢€ [0,T] .
The constants c,, can be derived by (39), yielding
v (T) Zv T
Qv(T-Tv) = —W;T?T_E_ , G = [0 e(t) dt , v=1,...,m
(43)
One gets, therefore
m
py (2) =6 1 20y (44)
v=1
Now it is possible to derive Zv = Zv , v=1,...,m , which
maximize (44) subject to (40):
z Yy 1 (45)
= Z =812 , v=1,...,m
v 5 Yv Y

It should also be observed that the government expenditures can
generally be subdivided into "inertial and noninertial" categories.
For example, the part of these expenditures which goes into
capital investments in R § D, education, health, etc., behaves

in the same way as the "productive" investments in the general
expression (13) (14). 1In a similar way, the labour employed in

services (i.e. education, health, R § D, etc.) has the same
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(noninertial) effect on the growth of GNP as the productive
labour. The corresponding elasticities (Bv in (14)) are, of

course, different.

1.3. The long term development planning problems

Planning in the socialist economy is mostly concerned with
an optimum allocation of resources. In the present section we
shall investigate that problem from the point of view of allo-
cation of GNP among the development factors. Since planning
involves information about the future state of the system concerned
and the system parameters change slowly, and usually in an unpre-
dictable fashion, the standard procedure is to use the "moving
planning horizon approach". According to that approach, the
planning process is repeated each year with new statistical
information regarding the changes of system parameters, con-

straints and development objectives. The strategy derived at

each new planning interval should replace the previous strategies

in such a way that the continuation of a general development

strategy is possible. For example, expenditures in investments

should cover the expenditures connected with the continuation of
construction processes of factories originated in the past as well
as they should cover the expenditures connected with the present
and future constructions. The optimum investment strategy for

the integral constraints decreases when time approaches the end

of the planning horizon T, as shown in Figure 7 by acT-curve.

The optimum strategy derived for the planning interval [1, T + 1]
shown in Figure 7 by bdT + 1 curve also decreases in time when

t > T+ 1. However, the effectively spent investments at each
consecutive year represent the abe-curve which is rising in

given proportion to the GNP growth. In other words, the optimum
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investment strategy does not terminate in time. The same state-

ment is true for the strategy with amplitude constraints, as

shown in Figure 7. The optimum investment strategy moves along
with the curve fcd, which is described by YZY(t): where Yy is a
given coefficient.

As stated in Section 1.2., the fastest growth., in term of

GNP, can be obtained when the expenditure strategy follows the

"coordinated growth principle"” (24). In order to implement that

strategy in the case of development factors with long delays (TJL

a prediction of future development strategy is needed. Consider,

for example, the education system in Poland which has T, = 10 years.
In order to get the maximum benefits out of education, it is
necessary to teach now the young generation the skills

required, not by the present but by the expected socio-economic
needs in the year 1986. It is therefore important to predict the
future professional qualification structure, specialization, etc.
The same arguments can be used to prove that the prediction of
future development strategy is required when planning the other
inertial factors of development -- first of all, R & D, environ-
ment protection, demographic policy. In the short range planning
problems (e.g. T = 5 years) many of the factor endowments have

a negligible effect on the development, as shown in Figure 3

for Tv > T. Since one cannot affect the development by

changing these factors, it has become a standard practice to
replace them by the exogenous term eut, as shown in Section 1.1.,
and deal with the single production function of the form (6).
That approach constitutes the main concern of macroeconomic
planning. The extension of the planning interval necessitates,
however, the inclusion of all the other important socio-economic

and environmental factors in the planning process.
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One of the most important factors is the labour force. In
short range planning the labour is usually regarded as an exoge-
nous factor. That can be explained by taking into account that
it takes almost eighteen years before there is any effect which
results from a change in the demographic policy. When, for
example, the system of social benefits for families with many
children is changed, it may affect the female fertility factor
instantly, but the labour force will change only when the new born
children reach the age of adolescence. In other words, in order
to have an effective planning system for demographic policy, it
is necessary to deal with the planning horizon T longer than the
demographic delay Td = 18 years.

It is well known that in many developed countries the female
fertility F decreases in time. That can be explained by assum-
ing that F depends on such factors as the value of GNP per capita,
health service level, family planning level, social care program,
traditions, religions, etc. 1In particular, it is believed that a
strong correlation of F to the GNP per capita exists and as a
result F decreases along with the rise of GNP/capita. Figure 9
shows the change in recent years of female fertility in Poland
and the GNP/capita. Fertility decreases up to 1970. A slow
down and a slow rise of fertility (starting from 1970) can
probably be attributed to a constant increase in the social
benefits for families with many children. 1In 1960, about 1.85%
of GNP was being spent on the additional monthly allowances which
rises in proportion to the number of children. The present
system of social benefits in Poland {(supplemented with Acts of

Law 14, 1972 and December 17, 1974) includes in addition:
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- 16~18 weeks paid maternity leave;

- 60 days of paid leave per annum for taking care of a sick
child;

- protection against dismissal from the job during maternity;

- leave with the option of transfer to suitable employment
during pregnancy;

- health insurance benefits and many others.

It is expected that the above program will be further
developed and extended.

The second group of social policy measures is aimed at
reducing the cost of child upbringing. It is believed that the
successful implementation of the above programmes, serving the
purpose of social justice and welfare, will help in preparing the
ground of a policy stimulating population growth, should the need
arise [u48].

From the point of view of system analysis, it is important
to know the elasticity aq of fertility with respect to the social
care expenditures zy:

dF dz
a = : ——

d TF zg

Then one can try to construct a model of the general form:
- a3

F=F [x,2,] =F [x]3, , (46)
where x = the vector of exogenous variables including such
factors as GNP/capita, health-service level, etc.

The next step is to find the relation between the fertility
and total labour force L, which enters as a development factor

in (13). 1In order to do that, it is necessary to employ a
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model of population growth. Keeping in mind the general form of
development factor levels (7), it is convenient here to use a con-
tinuous (Lotka) version of population processes. Following Ref.
[15]), assume that the births of the community concerned have gone
through a certain trajectory, described by B(t) -- the density of
births -- and a fixed life table gives the number of surviving to
age a on radix unity, p(a)+. Then the number of persons at each
age a of time t is determinate and equal to B(t - a) p(a) and by

integration, the total population at time t must be
N(t) = J B(t - a) p(a) da , (47)
0

where p(a) = 0 for a > w = last age of life table.
In order to get the amount of people in the productive age,

one has to set

p(a) = p(a) , a>Ty
=0 , a < Td ’
Td = the age of adolescence.

Assuming that a part £(0<£<1) of the total population in the pro-

ductive age group can be employed and introducing the new variable

T=t-a+ Td in the integral (47) one gets the labour employed:

t
L(t) = ¢ J p(t - T + Td) B (1t - Td) dt . (48)

- CO

Since B(tT - Td) can be regarded as the product of total
(female) population in reproductive age N(t), which is a part of

N(t), and fertility F(r - Td) one can write (48) in the form

¥ .
p(a) can also be interpreted as a chance of living a years by
a person born at t = 0, i.e.

a
p(a) = exp[—JO u(t) datl ,

where u(t) is the instantaneous death rate.
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t ad
L(t) = J kd(t, T) Zq (t - Ty) drt , (49)
where
kglt, ) = £ p(t-+Ty) F [x) N (1 -~ Ty) . (50)

It can be observed that (49) does not differ much when com-
pared to (7), (14). The only difference is that (50) is generally
not stationary in time, i.e. kd(t, T) # kd(t - 7). However, as
shown in Ref. ([22], the general optimization technique, which has
been used so far, can be easily extended to the non stationary
systems described by (4#9). The same remark concerns o4 which may
be, generally speaking, different from o. Apart from that, the
optimization of development methods, previously described, may
be easily extended to the case which includes the expenditures
spent on social benefits connected with labour and population
policy. The impact of the expenditures z3 change on the labour
level change is (in the present model) similar to the impact of
investment change on the capital stock level. One can "invest"
here in the population sector out of the present resources (i.e.
GNP) in order to increase the labour force, which is the main
production factor, for future development.

It is possible to observe, also, that L(t) depends directly
on the £ parameter, which represents the employment share in the
total productive population. In the case where one changes the
duration of working time, employment of women, etc., the value of
g£(t) can be regarded as the decision parameters. The shortening
of working time can be regarded as contribution to the social
benefits programme. The leisure time increased in that way can

be used effectively for relaxation, better education, wider
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participation of the whole population in cultural and social life,
etc. On the other hand, the factor F[x] depends on the exogenous

parameters, or on the parameters which are endogenous, but shifted
in time by Ty SO they can be regarded as given (i.e. determined at

the previous optimization intervals).

It should be noted that the problem of optimization of popu-
lation policy involves many different factors and aspects. The
model analyzed here takes into account the "productive aspects"”
of population change mainly in development.

In order to use that model for optimization of long-term
development, it is also necessary to investigate the influence
of all the factors affecting fertility and to construet the

corresponding explicit relationship F[x].

1.4, Pollution impact on environment and development

The productive activity is usually accompanied by side pro-
duction of waste materials which are generally harmful to the
human environment. In the present state of science and technology,
most of the waste materials can be purified, utilized or re-
cycled. However, the cost of purifying waste materials increases
rapidly when a high degree of purity is required. Since the
environment has an ability of clearing itself with the waste decay
ratio, (depending on the waste ingredients) the following approach

to the pollution problem has been proposed: Minimize the cost of

waste and pollution treatment subject to the conditions that the

degree of environment pollution is less than a given value.

Following that approach, consider the pollution control model

shown in Figure 10.
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Figure 10.
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Assume that the waste with intensity Qi(t), i=1,...,n,
generated by n given polluters Pi (such as factories, power
plants, urban centers, etc.) is being treated by the waste
treatment plants W‘I‘Pi and with the intensity a; is discharged
into the enviromment (i.e. into air, water or soil). Q; in
turn may depend on the sectors production. The degree of
environment contamination (expressed by such factors as
pollutant fallout, dissolved oxygen (D.O.) concentration,
or the biological oxygen demand (B.0.D.)) xi(t) can be
observed by the pollution sensitive devices in the m given
points or areas. The information obtained in that way to-
gether with the information regarding the weather forecast
etc. is being used by the controller C to optimize the
decision variables q;r i=1,...,n.

The performance of pollution control can be measured by

the functional

T
n
o = J w, (t)x, (t)dt , (51)
. i i
i=1
0
where
wi(t) = given non-negative continuous weight functions,
T = optimization horizon,

The input-output dynamical properties of the environment
according to the theoretical and experimental data can be

approximated by the Volterra operator [27].
n T
xj(t) = i£1 J Kij(t,T)qi(T)dT , i =1,e..,m , (52)



-91~

where

Kij(t,T) = given non-negative continuous functions which
satisfy the causality condition Kij(t,T) =0
for t < 1 .

A typical example of the cost function of the waste treat-

ment plant has been shown in Figure 11. It can be approximated
by the function
1~
a )¢

i) a>1 , k, >0

. (53)

It is also assumed that the total waste treatment cost is

limited, i.e.
T

n
1 J C.lg))ae < C (54)
i=1 0

where
C = given positive number.

The pollution treatment optimization problem can be

formulated as follows. Find the non-negative strategy c. = éi,

i=1,...,n, such that
mo (! T 1-8_8
b{c) = J w.(t) ¥ J K. (t,1) (Q; (1) +k, c; (1) ldrdt
=1y i=1 ]
where

B = 1/a attains for ¢ = & the minimum value subject to

the constraints (54), and
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1-8

Q; (1) - Xk B 20, terom (55)
Ci(T) >0 . (56)
Since the term
- m n t
3 = 321 121 J wj(t) J Kij(t,‘r)Qi(T)d‘r dat
0 0
is a constant, the problem boils down to the maximization of
T
t 8
F(c) = 7§ Jf‘?(r)ci(T)dT ,
i=1 1
where
T 1/q
1-8 T
fi(T) = J k. 'z wj(t)Kij(t,T)dt , ga=1-8
j=1
T
subject to the constraints (54) - {56).

It is obvious that when the constraint (55) is not
active, the optimum control strategy can be derived by using
the method of Section 1.3. When (55) is active the optimum

strategy can be derived from the equation:

1-828 -
Q;(£) - k;7Fci(t) =0 .

Then the following theorem can be proved (for details see
Ref. [27]).

An optimum pollution strategy

ci(t) = &, (t) = Ei(t) , i=1,...,n, t e [0,T]

(57)

olle]

r
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where
~ £.(t) for t £ S,
fi(t) )i i
F . 1-18 _1/8 ’
ol ki Q.l (t) for t ¢ S.l
_ . F,.1-1/8 .1/B
Si = {t.fi(t) > Eki Qi (t) B t ¢ [0,T],
i=1,...,n} ,
T
n .
F= ] J £.(t) dt
i=1 .

0

exists, such that

0(¢) = min (3 - F(C)] = & - F ~BcH (58)
c=0
and 2 is the admissible control set defined by (54) - (56).

The optimum waste discharge strategies become

g0 =k!Befey . 1=, .

Using that theorem, it is possible for a given admissible
pollution level € to find the corresponding minimum waste
1—BCB

treatment cost & (by solving the equation & -e= F )

g = [JEZE] 178 (59)
pl-6
When the function ¥(Y), which expresses the pollution
level in terms of production Y, increases rapidly it may happen
that the corresponding waste treatment cost becomes greater
than the production income. In that case a new technology

of production or new waste treatment plant should be developed.
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That requires capital investment which can be optimized
by the methods described in Section 1.2 and 2.2.

Using the aggregation formula (58) it is also possible
to optimize a complex hierarchical system of environment
pollution control (for details see Ref. [27]).

On the macro-level, the pollution cost C impact on the
development can be analysed starting with formula (33).
Obviously the pollution cost should be subtracted from the GNP
generated in the planning interval Y so that Z = Y - C(Y) and

(33) can be written

Y=Y +¢c9 (60)

y

=8
<

Y ———————
1V F4

Since % depends on Qi in a linear fashion,it is natural to
assume that E(Y) = a¥, where a is a constant. Then it is pos-
sible to see that the right side of (60) decreases along with
the admissible pollution level . As a result the solution y¥*
of equation (60) decreases along with £ as shown in Figure 5.

In other words the higher the standards are set, with respect

to the pollution abatement policy, the lower the integrated

GNP can be obtained. The admissible value of £ depends of

course on many factors and the feedbacks exist between € and
government expenditures in health, housing and urban quality

areas. In the present model ¢ will be regarded as a given
(exogenous) parameter representing the existing or planned
standards in pollution abatement policy. The optimum value € of ¢
can be derived by minimizing the cost function K(eg) = a(e) + D(¢g),
where D(e) is an increasing, strictly convex function, representing
the cost of damages done to the environment. Since K(e) is strictly

s A .
convex an optimum, unigque value &£ exists.
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1.5 Development objectives, utility functionals

When one solves a complex optimum development problem
the main concern is to choose the appropriate development
goal. So far the integrated GNP has been used for that purpose.
Doubts have frequently been expressed that it can hardly
be used as the universal goal for development. It has been
argued that the maximization of consumption per capita might
be an alternative. Assuming the latter as a goal, one begins to
wonder whether he really needs to spend much on develop-
ment factors. However, rigorous analysis shows that it
is impossible to consume, without financing, the development
factors. We shall show that in the simplified situation,

when the development is described by the function

m 8 m
Y(£) =K I [Y (8)]°v I By=1 (61)
v =1 v=1
t
Yv(t) = J ZV(T)dt ’
-00
i.e. 6v = TV =0, a = Kv =1, v=1,...,m

We shall also assume that labour is exogenously intro-

duced and is growing in an exponential fashion:
L(t) =T 't A>0 .
The GNP generated per capita can be written in the form

Y/L=K I W

where

w

v Yv/L = development factor level/capita
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The GNP is allocated in such a way that

Y1(t) = Y(t) -

m -
. z (t) = Y(£) - ) Y (t)

2 v=2

I ~8

represents the consumption.

Consider the steady-state of development
¥

. y Y
W (t) = L
v L

Y, .
_%L=_2‘—va=0 ’ \)=2,.-o,m,
L L

m m
C=T=f'zwv)‘=K£W -zwx. (62)

The following optimization problem can be formulated:

find the values W =W v=2,...,m which maximize the

consumption per capita C. Since (62) is concave the unique

optimum strategy exists and it can be derived as the solution

of the equations

B\)—1 m Bi
vav F Wi = A/K , v=2,...,m ,
i=2
i#v
or
_ A
(82—1)1n Wy + eer + Bm In W, = In — ,
. KBz
. eve cee (63)
: A
82 1n W2 + ee +(Bm—1)1n Wm =1ln — .
KB
m
When
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there exists a unique positive solution of (63) Wv = ﬁv'
V=2,...,Mm.
The result obtained can be formulated as follows. Among

the systems having different development factor levels; Wv,

v=2,...,m, and D # 0, the highest consumption per capita can

be achieved for Wv =W,Vv=2,...,m. One can regard that

result as an extension of the "classical golden rule of develop-
ment" formulated originally for the simple-two factor produc-
tion function (6).

What the present version of the golden rule says is, that

in the steady state the maximum consumption per capita can be

enjoyed if the development factors have a predetermined level.

When one is determined to reach that level, the expenditures

in development factors are inevitable. One can also consider

the development factors Yv’ v=1,...,m, as valuable assets
and regard the function (61) as a utility function. The last
interpretation suggests that the capital stock, health, R § D,
education facilitijes, etc. are public property. That assumption
is fully justified in the socialist countries.

A known approach in the utility theory consists in
finding the decision maker's strateqgy %)= Y ,v=1,...,m,

v
which maximizes the utility

m
U=K I Y ’ (64)
subject to the budget constraints

m
v£1 WY <z (65)
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where

wy ~ prices attached to Yv ’ v=1,...,m .

The optimum solution (in steady state) becomes
YV =—12 , v=1,...,m . (66)

U)\)

Since the prices w_, (excluding the average wage) are

v
generally unknown and Yv(t) depend in an inertial way on
zv(r) the strategy (66) cannot be derived in the effective
way .

One can, however, formulate a problem of maximization of
the functional (21), which represents the integrated GNP, in
terms of utility function approach. Since the factor levels

Y, in (13) depend in the inertial fashion on the expenditures

A\

z,,, and the Yv(t) change in time we have here a problem of

preferences in time. Then it is natural to use the functional

(21) with the budgetary constraints (15) ~ (18), as the ex~-

pected wutility in the planning interval [0,T]. Assuming

that the central decision maker allocates the resources in

the optimum manner, we have seen that the utility satisfies

the additive property (25), i.e. one can deal with the increase
of utility functional AU = AY(%) resulting out of the "present"
time optimum expenditures strategy. Under that strategy one

arrives at the "static" function (31):
q m
AU =67 Tz ' Y, = aby (67)

A\

with the budget constraint

m
I z,<z2 . (68)
v=1
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The values of Z,, represent here, however, the total
(i.e. integrated within [0,T]) expenditures i.e. the values
of factors or services acquired in [O,T]T. When the prices w,
do not change in [0,T] it is also possible to write (67) and

(68) in the form similar to (64) and (65):

- m _y
aw=3g% moy oY, (69)
v=1
m -
21 w¥ <z, (70)
v=
where
-= —q=q]'[-\)
Y zv/mv , G G w .

Y

One of the important problems in modelling practice is the

experimental determination of the utility function parameters.

One possible approach is to learn about the utility from the

decisions already taken in the past. For example, the optimum

decisions which maximize (67) subject to (68), according to

(32), become
Z =812 , v=1,...,m . (71)

Assume that the "moving horizon" technique has been used
for the past sequence of planning intervals [-T, T - 1],
T =1,2,... and the corresponding statistical data: Z(T),
Ev(T), T=1,2,... v=1,,..,m, are available. Then it is

possible to estimate the values of Bv' v=1,...,m, from (71)

T It is also possible to start with the dynamic utility functional
(23), which attains a maximum under the factor coordination
strateqy, subject to the constraints imposed on the value of

production factors (22).
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by known statistical methods. The estimated values év of
Bv can be used 'ex ante' for the planning interval [0,T].
When Bv change slowly in time, a prediction technique (as
will be shown later) can be also applied.

It should be observed that the proposed estimation
technique is based on the assumption that the decision regarding
the allocation of Zv expenditures are optimum with respect
to the goal function (67). The Bv parameters, which were
regarded so far as inherent to the development mechanisms
(including the technology of production), are generally unknown
'ex ante' to the decision maker but one is inclined to treat
them as "stable" or slightly changing in time. On the other
hand the observed, from the statistical data values
év(T) = %ﬁ%%%, v=1,...,m, T = 0,-1,... change usually
randomly in time, which can hardly be attributed to the change
of development mechanisms. Rather, these changes should be
attributed to the slight variations in the allocation strategy:

-~

Z, = sz, v=1,...,m, as a result of which the utility

decreases by the factor §, i.e. AU = 6AU, where

One can assume, however, that the values estimated by known
statistical methods (e.g. the mean squares) év y v=1,...,m,
are close to Bv r V=1,...,m., Otherwise the utility ZU
would be much less than the potentially possible value AU.

Much that has been said about the allocation of government
expenditures concerns the private (personal) consumption. In

particula; the dynamicmodel of consumption expenditures can be
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used here. As shown in Ref. [23] the consumers change their
preferences with age; they spend, for instance, less out of the

income on durable goods at the end of their life. Since the

consumer's preference structure also depends on the price
structure, while the prices are determined by the supply-
demand relations with respect to the commodities generated
by the productive sectors, we shall study that model later.
When the prices are known it is also possible to express
the integrated GNP (21) and the utility (67) in constant
prices per capita. The maximization of that functional will
be regarded as the main optimization goal which, as is believed,
is close enough to the notion of maximum personal and social
satisfaction and well being. It enables, as it will be seen
later, the effective planning of long term development
subject to different development opportunities and constraints.
It should be noted that by virtue of our ncoclassic forrnu-

lations and (62):
~ n .

ES%EL = _vZZWV <0
one is inclined to accept the widespread wisdom that rapid popu-
lation growth is harmful to economic welfare. Recently, however,
Samuelson has shown (International Economic Review Oct. 1975,
vol. 16, No. 3) that when the consumption per capita C is divided
between two groups of population (productive and economical de-
pendent), which consume Cl, C2 respectively, the golden rule favours
population growth (a large number of descendants means better support

for retired). The golden rule should be supplemented in that case

1] L]
by the "Biological interest rate" relation U1 [Cl,Cz]/Uz[Cl,C2]=
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1+ X, where U [Cl,Cz] = given utility function. Then by maximizing
U()) one can find the optimum value of A, which determines the

"goldenest golden-rule" of development.

IT. Multi-sector Model

2.1 Optimization of sectorial strategies

In order to describe in a more general way the production
processes it is necessary to investigate the n-sector system
shown in Fig. 12, where Xi represents the output production of
sector Si and in - the amount of commodities which Sj is selling
to Si’ i,j =1,...,n. The net outputs §i’ i=1,...,n contribute
to the GNP, which is allocated by the decision center (DC) among
the Si sectors. Adopting the structure of Fig.12 the next step
is to describe the input-output relation for each sector (i.e.
the sector production functions). At that step one is tempted
to use the linear model (e.g. the Leontief input-output model),
which is attractive from the point of view of analytic simplicity
and an easy way of estimating the technological coefficients.
However, the linear models are not so attractive from the point
of view of macro-economic growth theory and can hardly be used
effectively to describe the long-range development. In order
to describe the technological change and substitution among the
production factors, one would rather adopt the nonlinear pro-
duction function of the Cobb-Douglas or C.E.S. type.

In the present section we shall show that a sort of recon-
ciliation between these two approaches is also possible.

We shall start with the simple Cobb-Douglas production

functions:

n [o 3
x. =F. 9% 1 x..3% , i=1,...,n , (1)
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=d

Figure 12.
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n
g. =1- ) a;;, >0 , o, >0 , i,j=1,...,n

(2)

where aji’ i,j=1,...,n, given positive numbers while Fi depend
on the vector Zi’ of development factors allocated by DC, i.e.
Fi = Fi(zi), i=1,...,n.

We shall also assume that a set of sector prices pi,

i=1,...,n, is given so the model of Fig.12 can be described in

monetary terms by the Egs.

n

Y, - .21 Yiy =Y i=1,...,n , (3)

J=
a o
Yi = Kl 321 injl ’ (u)
n

= = q. Qs » s

where in ijji , Ki piFi i j£1 pj Jji i,j 1,¢e.,n .

Now it is possible to introduce the decision structure. We

shall assume that each sector Si' j=1,...,n, can decide how

much of input Yﬁi' i=1,...,n to buy in order to maximate the

net profit (value added)

Y

; 51 i=1,...,n . (5)

o]
1}
]
I
l~13

It should be noted that the profit maximizing strategy is
a micro-economic concept. Since the sector consists of a given
number of factories and firms, it is natural to extend that
concept to the macro-model.

Since, by virtue of (2), Di is strictly a concave function,

~

a unique set of strategies in = in , 1,3 =1,...,n exists
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~

such that Di(in, j,i=1,...,n) = Di is maximum.

That strategy, as shown in Ref.[30], becomes

in = atii R j,i=1,...,n (6)
where
isg V
. - y%y5 93 93 ,
Yy, = F, 1 (4% P ' i=1,...,n , (7)
i i521\Py i

When one uses that strateqy
Di = qui R i=1,...,n (8)
and the gross product becomes
n _ n .
Yy= 7§ Y. = ] D, . (9)
. i
i=1 =

The two important results follow from the relations (6):(9):
I. As follows from (6) the normative n-sector nonlinear

model (3)-(5) behaves under optimum strategy in a similar way to

the linear Leontief model with the technological coefficients

ﬁji' i,j =1,...,n. However, the outputs Yi, i=1,...,n in the

nonlinear model are specified in an unique manner by prices

BjLAj = 1,...,n and Fi coefficients.

II. When prices are fixed the sector net productions ii

i=1,...,n, do not depend on sector interactions (in terms of

in, j,i=1,...,n), and the gross product is a linear function

of Fi' i=1,...,n.

Result I can be used for a simple estimation procedure of

aji' j,»i=1,...,n, coefficients.
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Assume for that purpose that the input-output tables for an
n-sector economy be given. Assume also that each sector optimizes
the net profit (5) so that relation (6) is valid. Then it is
possible to derive a sequence of numbers

~

(t)

g (e) = 38 fji(t)

ji ’ js»i=1,...,n (10)
Yi(t) Yi(t)

t=-1,-2,...

As follows from real statistical data, for each fixed j,1i,
the sequence &ji(t), t = -1,-2,... of past data is generally
a random sequence.

Since

R e (11)

the variation of aji can be attributed to the technological
X..
change, i.e. the change of ili , or the variation of sectorial
i

prices pj/pi .

As far as the interpretation of aji is concerned, it is
also possible to regard aji as a characteristic of a technological
relation independent of market phenomena like prices. L.R. Klein
in the paper [16] has shown for example that the relation (6) can

also be obtained by an assumption connecting the pricing system

to the technology. He assumes for the competitive market

aFi aFl
3%, - - MPi v X = MPy ¢+ L3 = Teee.m
where F, (X; X;;,j=1,...,n) = 0, is the production function and
14

for the ratio in (11) obtains the system of partial differential

eqgs:
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i
X.
iji ji
- g——————— = aji ’ i=1,¢0e, 1i-1, 1i+1,...,n ,
F.
i
5Xi Xl

which as a solution have Fi functions. For the case of Cobb-
Douglas functions, one gets from here the formulae equivalent
to the (obtained in a different way) relations (6).

Since the statistical data regarding Xi’ i,j=1,...,n

in'
are usually not available the only way to learn about aji is

from &ji(t) series. In Saito's model [41], the input-output

table for a chosen year has been used for that purpose.

In the MRI models, constructed in Poland, the statistical estimates

®s4 of g4 derived by using the ex post data &ji(t), t =-1,-2,
have mostly been used. That approach enables us to neglect the
price-variation effect on possible suboptimal gtrategies in a
sectorial policy.

Then the estimates aji can be used ex ante for modeling the
future development. In the long-term planning, the model of
technological changes (for &ji coefficients) can be used (as
shown in Sec. 2.4).

It should also be noted that the decomposition method, which
yields the important results (6)-(9), can also be used effectively
in the model described by C.E.S. production function (instead of
(1)) (20].

Another possible extension concerns the labor force. 1In the
input-output tables, it is customary, for example, to regard

labor as additional inputs to the productive sectors. As shown
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in Ref. [30], it is also possible to regard labor as the output
of an additional sector Sg * which cooperates with the production

system. The production function of that sector

n %o n
Y =K, j£1 Yio r 9y =1 - j£1 ajo > O
where
Ko = poFoqo j£1 p;ajo
on - cost of goods produced by sectors Sj and consumed
by So ’
Yo = poxo + §o - total value of employment in monetary

units, p, - average net wage,

xo - number of employees, ?o - other means of income.

The sector So can be treated as a "productive" sector with

the value added (savings)

Y. N
1 1°

o
]
<
}
Il e~

One can assume that the So objective is to maximize Do
(i.e. to maximize wages subject to the given consumption; the
savings earned in this way can be used for purchases of durable

goods). Then according to (6)-(8) one gets

a.o/ 1

~ n o. J q q

Y =F, I 519- ° P, ° .,
3=1 \P;

on = ajo o ,

Do = qOYo .
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In that model each sector employs Yoi value of labor,

i=1,...,n, while the rest goes to nonproductive sectors.

2.2 Decomposition and optimization of decision strategies

Using the result II of section 2.1, it is possible to de-
compose the decision structure. The higher level decision
center (D.C.) is concerned mainly with an optimum allocation of
GNP generated (at the year t-1) among the sectors Si' i=1,...,n.
The allocation strategy zvi(t) in the general case may concern
all the development factors (v = 1,...,m) and sectors (i = 1,...,n),
or may be limited to a given number of factors (e.g. the invest-
ments or investment and labor only).

The production factors endowments received by sectors Si’
according to the decision of D.C. are regarded as exogenous, by
the sectorial decision units, which are concerned with optimization
of input mix in, i,j=1,...,n , mainly. On the othe; hand, the
decision center, according to the result II, does not need to
worry about choosing the best intersector flows jS, j,»i=1,...,n,
which are subject to sectorial policy.

In other words, a decentralization of management structure,
which corresponds to the existing structure of management of the
planned economies, is possible.

When prices and technological coefficients are fixed the
sector contribution to GNP: Di = qui . where Qi is defined by
(7), becomes proportional to Fi(gi). Taking into account the
development models which were developed in Sec. 1.1, 1.2, it
is natural to assume that sectorial production functions are of

the form (12) (14) or (38) while the optimization goal is to maximize
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T
J e_AtYi(t)dt 8% 4y .

We shall start with the model which is an n~sector extension

of (38)/(41). The problem consists of finding the strategy

Evi(r) = zvi(T)’ v=1,...m, i=1,...,n, 1¢[0,T), which maximizes:
n n T 0it t —6i(t-T)
aY = ) Ay, = ] J dt e [ K.e
i=1 i=1
o
m Yy
v£1 [zvi(T-Tvi)] dar , (12)

= given constants. (0i=)i-A?,

where Ki’ ﬂi’ 61, Yy Tvi

subject to the constraints:

n T
'Z J w(t)z  (t-T .)dt < 2, , v=1,...,m ,
=14 (13)
1
2. <2 , (14)
v=1 VYV~
z,; (t=T,)) 20 , z,20 . v=1,...,m,
i=1,....n , (195)
m
te[O0,T] , )) Y, =@ < 1, w(t) = given weight
v=1 function.

The expression (12) can be written in the form (27) of

Sec. 1.2:
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[w(T)z\)i(T_T\)i

where

T ﬁﬂit_si(t-T)

. - -q
ﬁpi(r) = 3Kiw(r) [ =
T

Then the problem of maximizing (16) subject to (13) can be

dt

1/

¥
11 Vwine (01%dar L g

q

=1

(16)

solved. Using the Holder and Minkovski inequalities [20], one

obtains:

where

vi(r)w(r)dt .

~ m
aY(z) =ci 1 z

The optimum strategies Zv = Zv

(18) subject to (14) can be derived by (32) of Sec.1.2.

by virtue of (33) one can write

=1,..

« M,

(17)

(18)

Then

which maximize

o

14
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|.<
|
w4l
+
(9]
Q
—
<
<
|.<
[=3

(19)

where

Yy = Bva .

*
Obviously, for 0 < a < 1 a positive solution Y = Y of (19)

. * .
exists and the numbersZ = Y , Zv = sz, v =1,...,m and strategies

(17), are completely determined in the "closed loop" conditions.

The relation (18) can be regarded as the aggregated develop-

ment function of the n-sector model (12).

In the case when the integral constraint is replaced by the

amplitude constraints:

n

i=1zvi(t—jvi) < Zv(t) ' telO,T] ., (20)

1,...,m

-~

Zv(t) = given functions , \Y

the corresponding solution becomes [20]:

~ soi(T)
Zvi vi) RTIED)

I
i
G|
!

Zv(T) ’ i=1,...,n , (21)

v=1,...,m ,

where

e(t) = ¢i(T) ’

e~
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and

~ T m 'Y\)
AY (2) = J vI(r) W[z (1)1 Yar . (22)

[o]

v=1

m
Since } z,(t) = z(t), 1€[0,T], and Z(t) by virtue of the
v=1

relation (19) of Sec. 1.2 depends on the past value of GNP, the
solution (21) should be regarded as the closed loop solution.
One should observe that according to (17),(21), in order to

get maximum growth, the sectorial strategies Zvi(T) should be

chosen in such a way that they are proportional to ¢i(T) functions.

We can call that strategy the"sectors coordination principle",

It should be noted that using the sectors and factors coordination
principles [(24) of Sec. 1.2] one can derive a unique optimum
allocation strategy zvi(t)’ v=1,...,my i=1,...n, 1¢[0,T], for

the n-sector system, described by the equations:

n T m
AY 1 J nfo.(vdae (23)
i=1 o v=1

9. —E
iBy Jt -8, (£-1) Byui
K.e

o
[zvi(T—Tvi)] dt

fvi(t) =;e

m
] B..=1, i=1,.-.,n ,

which can be regarded as an extension of (21)-(23) of the
Sec. 1.2 formula. Indeed, using the factor coordination principle

for each sector Si one finds zZ,; v v > 2 and can represent (23)
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n

as the sum of AYi components ( } AYi=AY), where according
i=1

to (26) of Sec.l.2:

m -B. . (T d.tt =8 . (t-T) _ a
AY, = T C_, Vlj at e J K,e Vi [z (t-Tqg)1ar
1 V1 1
v=2
(o] (o]
i=1,...,n , (24)

and Cvi can be determined from the corresponding constraints.

n
Since the problem of maximizing Z AYi(Z1i) subject to
i=1
the integral:

n (T
i£1j W(T)z1i(T—T1i)dT <%y .
o

or amplitude

n
i£1z1i(t-T1i) 5 Z1 (t) ’ TE[OIT] ’

constraint is a special case of the problem (12)-(15) it is

obvious that the optimum strategy z .(1) , v =1,...,m,

vi

i=1,...,m , which maximizes the integrated output (23) subject

to the amplitude or integral constraints exists and can be de-

rived in an explicit manner. When one does not count the different

possible formulations of constraints (i.e. amplitude and/or
integral constraints) the strategy derived is unique.

One should observe that the solution of the general optimi-
zation problem, with n~sector nonlinear development functions
(23) degenerates when o + 1 (i.e. g + 0) and the optimum
strategies described py (17),(21) degenerate into Dirac's §(t)
functions or "bang-bang" solutions. These strategies are not

unique and the analytic derivation of explicit solutions in the
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general case of the n-sector system is not easy. In other words,
the linearization of our problem does not simplify it.

It should be also noted that in the model (23) the sectorial
development factors fvi' v=1...,m, depend on the "directed"
expenditures zZ,i ¢ In the real systems part of the general Zv
expenditures goes to the sectors for financing the specialized
education, health service, research and development, etc. The
rest (zv) has a "universal" character, e.g. the expenditures on
general education, health care, science, etc. In the more general

model, one can represent fvi in the form

t
93 (v 8, (D) o, ay )Byi
fvi(t) = 1e vi J Kie [zvi(T—Tvi)] [ZV(T_TV)] dt
o
(25)
where a, + 0y, = a, and replace (13) (20) by
n T
) J w(t) [z (T-T ;) + 2 (t-T ldt < 2, , v=1,...,m ,
i=1
(26)
n
Z z,; (T-T ;) + z (1-T ) < 2 (t) , te[0,T] , v =1,...,m

i=1

respectively. It is possible to show that the present problem
can also be solved effectively by the methodology used so far.
The main advantage of that methodology is that it constitutes a
useful aggregation device at the same time. For example, the
complicated n-sector production functions in (12) aggregate under
optimum strategy to the simple formula (18). At the next ag-

gregation step (18) aggregates to (19), etc.



-116-

On the other hand it is possible to decompose (18) into the
given number of specialized productive or regional subsystems.
To show that possibility, consider N subsystems, each described

by the development function:

m 'Y\)
Ay, =r. 912 .V, 3= 1,...,N , (27)
j 3 y=q Vi

The problem consists of finding the nonnegative strategy

A N
Zyy =%y +V=1.cem, j=1,...,N, such that AY =j £1ij '
attains maximum subject to the constraints
N
jZ1ZVj <2, . v=1,...,m . (28)

v=1,....m , j=1,...,N , (29)

where

and the value of AY under optimum strategy is

AY(z) = F4
v

Z
1

Y\)
A (30)

=3

The results obtained so far indicate that it is possible to
use the proposed methodology for optimization of the decentral-
ized multi-level decision structure shown in Fig.13.

At the second level the expenditures Zv , v=1,...,m ,

are allocated among sectors according to (17),(21).
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At the third (and possible lower-levels) the expenditures
can be allocated in more specialized or regional ways.

The outputs generated by Sectors S1,...,Sn constitute the GNP
n—
Y(e) = ] Y.t ,
i=1

allocated at the next year.

In Refs. [19-37] more detailed aspects of optimum allocation
of resources in production,consumption, environment and regional
subsystems have been studied, using the present methodology. It
should also be noted that the methodology presented can be ex-
tended in different directions. One can, for example, solve the
problem when the integral and amplitude constraints are acting
at the same time, or when w(t) in (13) is different for different
v-factors. Another possible extension concerns the prices. As
follows from (7) of Sec. 2.1, the prices' effect on the output

production can be represented by the factors

O s 1/
n fa..\ ji/q; q;
m, = I (=% tp., Y, i=1,...,n ,
3=1\Pj *

which change in time, along with pj(t), j=1,...,n.

One does not know the future Hi(t) change, so it was tacitly
assumed that the factors Kieui in (23) will take care of that
change. Since the parameters Ki’ My in the model under consider-
ation are estimated ex post from statistical data, regarding
Qi(t) and avi(t), v=1,eee,m, i=1,...,n, t =-1,-2,..., oOne

cannot be certain that they are accurately describing Hi(t)

"ex ante". The strategies zvi(t)’ derived at the present section

(o)

A
should be therefore regarded as the first approximation z,;
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of the optimum strateqgy. However, it is possible to construct

k . .
an iterative process zvi( ), k =0,1,... of approximations con-

verging for k » =« to the optimum strategy.

The main idea behind that process consists in computation

of the prices resulting from the zvi(k) strategy and finding the
corresponding Hi(k) , which can be used for computation of the
next iteration zvi(k+1)etc.

2.3 The model of prices

The prices play an important role in the optimally planned,
socialist economy and they are supposed to fulfil many functions.
In particular, it is important that prices reflect the social
expenses and results of production efficiency. They should
stimulate the incentives of producers and influence the con-
sumption structure in such a way that a maximum social utility
is obtained. The prices should also guarantee the market equi-~-
librium. In addition, by a system of indirect taxation of output
and government dotation, it is possible to change the prices in
such a way that the widely used consumption goods are cheap,
compared to some luxury goods. In that way, a just social
policy, which serves the purpose of fair income distribution
among different wage classes, can be implemented.

From those introductory remarks, one can see that the con-
struction of a good mathematical price-model for a socialist
economy is not easy and a number of simplifying assumptions is
inevitable. First of all it is necessary to observe that we are
interested in the highly aggregated sector prices. These prices,

say p;, are usually defined as an arithmetic weighted mean of a
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number M of commodities in with prices pji’ i.e.

>
e~

LY M
"lifl_ , X, = X.. . (31)
1 =

Since p; change in time in the statistical tables, the relative

prices, or price indices

i = b, (t-1) t=0,1,...

are usually given.

The price indices can be used to express the value of pro-
duct Yi(t) , at the basic year (t=0) prices. Obviously, for that
purpose it is necessary to divide Yi(t) by E1 p; . Since in the
model discussed it is important to express E;e GNP in constant
(i.e. basic year) prices, our first objective is to derive the
aggregated sector price indices pi , £ =1,2,...

So far (in Sec.2.2) the supply part of the model has been
studied.

On the demand side of the model, one faces in each year t

the expenditures

m
z,(t) = Y 2 () 2 Y. =1 , t=0,1,... (32)

which are spent on the purchase of goods §i s, i=1,...,n , pro-

duced by the Si-sectors, i.e.

m m
Y (t) = v£1xvizv(t) = 2(t) v£1‘vin ' (33)

where Avi = given non-negative coefficients determining the v-th
expenditure contribution to the demand confronting the i-th pro-

duction sector, and
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(34)

H~3
>
|
—
~
<
[}
—
~
N
~
]
.

The coefficients Av.

i s, vV=1,...,m, 1i=1,...,n depend

’ Yv
on prices Py i=1,...,n, GNP per capita in constant prices

(Y/N) etc. In rather simple models one can assume that

~

€
a,(f/m Y, (35)

<
[

-E .
A, = byy(@y) vio, v=1,...,m , i=1,...,n

b ., E.. can be estimated ex post

where the parameters a €
P v/ Tyl Yvi vi

by known statistical methods. cCare should be taken that Yy 7

A,; satisfy the (32),(34) conditions. Since ¥ = [1-AlY ,
A 4 [aij] , the equilibrium conditions (33) can be written in
the form

=11 -2a1""n1yz &gz (36)

<>

Since Z(t) is determined by the GNP generated at t - 1, the last

relation can also be written as

§i(t) = Ei[Y(t—1),E(t—1)]Y(t-1) ' i=1,...,n (37)

In order to satisfy (37) it is necessary to choose the sector
prices in the proper way. For that purpose, consider the i-th
sector output, which according to (1) can be written

n ..

q.
Y . 1 .
teeoy ml/wm)] 1 _£1inj , i=1,...,n

Y.,.
R Zl/w
J

Y..
X, = [F.( 11
i i /w1 2
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Y .
where vl/wv = development factors used in production by the i-th

sector. The production cost Ci consists, generally speaking, of

n
two parts; the first connected with the materials cost (_Z Y..),

J:‘] Ji
T +
and the second with the cost of production factors ( } Y ;) so
v=1
n m
that ¢, = J Y.. + Y . . At the sectorial level it is natural
1742738 7 2l

to assume that the GNP, which consists of the sum of values
added by sectors, is spent on the production factors endowments.
The average sectorial price

Ci
Py =%, v
1

depends on the allocation of Y.., Y j,i=1,...,n, v=1...,m.

ji vi’

As already noted, the planned socialist economy is very effective
in the efficient allocation of resources, i.e. the development
factors and materials used in production. The efficiency con-

ditions obviously require that in’Yvi , be chosen in such a
~ . . . Lad
way that Py attains a minimum equal to P; for in = in '

Yvi = Yvi y J4i=1,...,n, v=1,...,m . In that case, the

consumer's utility attains maximum, and from the condition

+After the reforms which took place in socialist countries in

1961-1971, and in Poland in 1971, it became a common practice to
take into account the cost of production factors, and first of
all the cost of labor and capital, when calculating prices at
the micro-level.
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one gets
aC ~ Ci[in'Yvi'j,l =1,...,n,v=1,...,nm] _
3K, . =Py
i Xi[in,Yvi,j,l =1,...,n,v = 1,...,m]
i=1,...,n ,

i.e. the equilibrium price p, is equal to the marginal production

acy i
costs /'c)Xi .
Since
O s
~ - A g. m -B . .g. n {fa..\ Ji. 1-q.
X, = [Fi(Y1.,...,Ym.)] 1q w, Vi°1l g ( 1) i 1
J 1 v=1 3=1\Pi
and
- E ~ m ~ -
C. = a..Y., +q, 0T B .Y, =Y, |, i=1,...,n ,
i 5=1 jivi i ,oq Vi i
one gets

—Cl..
o . jim B ..d. ~q. =-9.
(—li) 1wV tytr.t , i=1,...,n .
1 v=

Introducing variables pE = pi(t)/pi(t-1) , i=1,...,n,

t _ _ i S S el
w (B) /0 (t=1) , v =1,...,m , Y = Y (£)/Y, (¢-1) ,

€
]

Lo}
]

t Fi(t)/Fi(t-1) ’ and taking logarithms from both sides of

the last equation, one gets

'11|'-<>
L

n
zan - 1 o

t_
34 Ji!anj = qi[}n
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where according to (37)

~ n ~ -
AR LAl S B S L
i i i . j
j=1
and
2’t_“ _ 2'i[Y(t_‘])12(1-:-1)]
i li[Y(t-2) P(t-2)1 °

Since for the real economy the determinant

there exists a unique solution to the set of egs. (38). It yields
a set of positive price indices pz , 1 =1,...,n.

It will be shown now that the formulae (38) can be used to
find pg ,i=1,...,n, £t =1,2,...,T, in an iterative way,

starting with the known base year t = 0 prices.

The term
vt gty
N Hi ’
Ft vt
i i
in (38), where HE = Hi(tL/Hi(t—1) , and
[o PO
j%/ B/ _
n fo.. q. gq. m B .
Hi(t) = 1[4 1 P; | w, vi ’
3=1\P3 v=1

determines the demand to supply ratio.
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For a given strategy gk A {zé?)(t), v=1,...,m,

HERIE AT

i=1,...,n, TE[O,T]}, k=20,1,... , the supply Y i

a known function of time, while the term HE has been derived by

using price indices gk_1 4 {pz , i=1,...,n, k—1} (from the
previous step of computations) so HE(E#-1) 4 H?_1 .
The demand term £§—1 v*"1 depends in turn on gk and Et-1,
so one can write
£-1 Lt-1 A X
gi7 YT £ Y,
and
¥oof
_t=—kr[i ’ i=1,.--,n - (39)
Fi Si

The process of computations can be briefly described as

follows. One starts at the initial step k = 1, with the

M. f
Hg = a;e 1" and derives by formulae of Sec.2.2 the §1 strategy
which yields the supplies Sl , i=1,...,n . At the same time,

the corresponding prices E1 and demands Dl, i=1,...,n by formulae

1
D.
(38) are being derived. When —% =1, 1=1,...,n, it means that
Si
our assumption regarding Hz , 1=1,...,n , was correct; so the
process terminates.
1
Dy
When T + 1 , at least for one index i, the prices computed
Si
1

by (38): p  should be used for computation of nl and 52 can be
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p?

computed in order to derive —% etc. It should be observed that

S,
i

in the case when Hi for a particular "i" has been chosen too large,

A

the optimum strategy zil s, v=1,...,m , increases the Si term

and as a result the equilikrium price pl decreases. That in turn

decreases Hl , i.e. Hl < Hg . In other words, the iterational

process has a tendency to correct the unjustified projections of

H? . When, after a number of iterations one arrives at the

situation where D? I~ S? , 1=1,...,n the values of g# can be

regarded as the prices corresponding to the optimum planning

strategy in [0,T] , i.e. gk =2z .
The proposed methodology can also be used in the case when
one wants to maximize the GNP in constant (e.g. the base year)

prices. 1In that case, the optimization goal is to maximize the

functional:

T
[fe®Ri/p w1y, mrae
(o]

and the problem boils down to using the functions

=t t, t .
Hi = Hi/pi R i=1,...,n ,

instead of HE , in the computation process already described.

The next problem which should be clarified is the computation

m
of )} B._.&n mt in (38). The prices u  , of the development
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factors (beside labor) are in general not included in the
statistical data available.

Z
The average salary wy = fl = Y, % depends on the GNP
(zZ(t) = Y(t-1)) and the employment L which is exogenous, or

derived from the population-employment submodel. In the simple
m

model therefore, it is possible to regard ﬁi = z Bvilnwt , as
v=2

exogenous parameters which can be estimated by fitting ﬁi , ex
post to the egs. (38). These parameters should also be regarded
as part of HE , responsible for the technical progress resulting
from the government expenditure, Zvi P V2 3.
In a more detailed employment model, it is possible to
introduce the sectorial employments Li and sectorial wages
214

n
w,. = , i=1,...,n, where | L. =1,
oLy i=1 1

i
—
Ne~13

[

]

[

i=1
average sectorial wage m1§ may change as a result of labor
efficiency change in the productive sectors.

In the price model discussed so far, we did not take into
account the taxation of the outputs of some of the sectors and
corresponding government subsidies to the other sectors. The
general requirement is that the taxes (ti>0) and subsidies

(ti<0) should satisfy the balance equation:

n

I pyyX, =0 ,i=1,...n (40)
i=1

where Xi - sector production.
The result of taxation is the change in values added (5):

Y.. i=1,...,n . (1)

D, = Y, (1-t,) -
i i i 7 i

Il ~8

3
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It is possible to see that (due to (40)) the GNP

e
]
He~3

~ n
_ D; = ] D, ,
1 =

so the taxation-dotation process does not change the GNP.
Since according to (8) and (41)

~ ~ n ~
D; = Y, (1-t,) - j£1“tii = (1-t- ] a..)Y,

the result of taxation is equivalent to change of oy v i.e.

Di can be written

D. = q.Y. , q; = 1 - j=1aji T (42)

3

As a result of taxation the price indices pz derived by (38)
(with oy replaced by aii) change. By using (38), it is also
possible to derive the tax-dotation system, which keeps the given

~

sectorial price p§ constant. For that purpose it is necessary to
regard tj as the unknown parameter. It should also be observed
that the introduction of taxation-dotation changes the consumption
strategy, expressed in terms of the utility function parameters

A .Y, . It is possible to show that the taxation-dotation process

vi'y

decreases the utility. As already mentioned, that process is
motivated by the social policy aspects, which have not been
introduced explicitly in our simple utility function (67) of

Sec. 1.5. Therefore, we have to regard ti parameter as exogenous
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variables rather than decision variables. These parameters for the
Polish economy do not change much. The subsidies for the market
commodities are around 1.8 percent of the GNP (30 percent of that
sum goes to the grain products, and 12 percent to the milk
products) ;around 8 percent of the GNP goes for subsidizing the
agriculture (fertilizers, pesticides, machinery, fodders, etc.).
As a result of that policy, the basic food products did not change
much. However, in recent years, a growing concern with regard

to food-~prices stability is frequently expressed. The problem
obviously boils down to choosing the proper values for ti. By
using different values of ti in relation (42) and by using the
price model proposed, it is possible to investigate the taxation

policy impacts on the development goal values.

2.4 Adaptive model of technological and structural change

By the technological change, we shall understand here the
change of production technology, motivated mainly by possible
substitutions of expensive inputs by their cheaper equivalents.
As mentioned previously in Sec.2.1, the technological change is
the main factor influencing the ;ji(t) coefficients derived ex
post from the statistical data by formula (10). As follows from

the analysis carried out for the Polish economy, the aji(t)
functions have a trend (mainly decreasing) in time. It is usually
assumed that there are three main factors responsible for that
trend: new capital investments and modernization, technical
progress, and change of aggregated sector prices.

Consider first of all the change of technological coefficients

due to new investments. Assume that in the year t = t1 there
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exists a production sector s€ with the output Ye(t1) , which
continues the production at t = t2 , so that

e -

Y (t2) =Y (t1) .
The sector input Y? (supplied by another sector) becomes

e _ e _ e e t
¥i (€)= Yyt = oS (e Y7 (£

Assume also that at t = t, a new factory (which is classified

2
as belonging to the same sector Se) with the output Yn(tz) starts
to operate so that the resulting production increases from

_ e
Y(t1) =Y (t1) to
- n
Y(tz) =Y (t2) + Y (t2) .

As a result, the sector technological coefficient changes

from the value

e
Y8 (t,)
a(t1) = _%__l_
Y (t1)
to the value of
e n e n
alt,) i) HYi (%) o) ), Ple) o el
2 Y(tZ) 1 Y(t,) 2 Y(t2)
Y(t,) Y(t,)-¥(t,)
_ e 1 n 2 1
et gy e ) Ty (43)

Assume the value of an(tz) to differ from ae(t1) by a

+The indices j,i1 at a.. have been dropped for the sake of simpli-

city in notation.
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constant multiplier:
a’(t,)) = b a®(ty) (48)

where b is a positive number.
The assumption (44) expresses the fact that the level of new
technology is proportional to the technical level achieved in the

0ld (existing) technology. Using (44) and assuming that t, + t

1 2

we get by (43)

s -1y 9Y
3 - (b 1) v . (45)

Integrating (45) one gets

_ b-1 _ e 1-b
a(t) = ao[Y(t)] ’ a, = a (t1)[Y(t1)] .

(46)
When b < 1 , the a(t) decreases along with an increase of
output production Y (t).
As follows from the Y(t) and a(t) trends analysis, these

functions can be approximated by the exponential functions:

-at ot

a(t) Ae , Y(t) = B e ,

where A, B, a, p - given numbers.

Taking into account (45) one obtains

. (47)

Then it is possible to express the estimated value of a(t2)
by the estimated value a(t1) and a(t1) , which is taken from

the last (ex post) observation:
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A

~ -p(t,-t,)
a(tz) = a(t1) e 2

-p(t,-t,)
+ b&(t1)[1 -e ¢ ]

Assuming t2 - t1 = 1 , it is also possible to construct an

iterative process

alt,

ie1) T a(ti)e'p + b&(ti)[1 - e_p] , 1=1,2,...

(48)
The estimation a(t1) of a(t1) can be obtained by taking the
mean value of N observations a(t), in the identification interval
[T1,T0] (Fig.14), i.e.
a(t1) = a(t)y , (u9)
Since a is a small number, in the case of short [Ty, T,]

interval, a({t) is almost linear and one can assume

The formula (48) is similar to the exponential smoothing

form of adaptive forecasting methods (see Ref.[6]) with the

JJattached to the estimate

weights e ' b[1—e_p(t2-t1)1
&(tl) and the observed value &(t,) .

It should be observed that in standard adaptive algorithms
the weights attached to &(t1) and &(tl) are unknown and are chosen

experimentally to yield the best results in historical runs.

Since in the practical situations one is dealing with the short
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a ()

Figure 14-
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time sequences of a(t) the expressions with different weights
are not effective and we prefer to choose the weights by using
a macroeconomic model of technological change.

The forecasting of a{t) trend outside [T1,T0] can be ob-
tained by a linear or exponential extrapolation of trend function.
In the last case the ratio

r = a(T0—1)/a(T0)
can be used for evaluation of the exponent a in the prediction
formula

~ ~ -a(t-To)
a(t) = a(To)e , £ > T . (50)

a=1lnr .

It should also be observed that the model (43)-(46) does
not take into account the influence of the neutral technical
progress. A possible way to avoid that drawback is to replace

(45) by

_ dy
a——(b‘1)Y—+u ’ (51)

and obtain instead of (46)

a(t) = ay eMEry(e) 1P (52)

In the present model the change of a also depends on the
exogenous variable u representing the new achievements in science
and technology. It is possible to show that when the data re-

garding the time series 1ln oa(t)/a(t-1) and 1lnY(t)/Y(t-1), t = 1,2,...
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are available, the unknown parameters u, b, can easily be
estimated by means of the least squares method.

Now we should investigate the effect of price changes on the
estimation of technological coefficients. Since the sector gener-
ally consists of factories with different technological coef-
ficients, the observed sector technological coefficients &ji(t) R
may differ from a particular factory (which started to produce
at t = t;) coefficients aji . Assume that aji have been chosen
(by proper design and construction) in such a way that aji are

the "best" values at the existing prices pi(to) = Ei ’

i=1,...,n, so that

_ A ~ x.i(to){). o
ag; = Yy (E0) /Y5 (kg _W' jyi, = 1,...,n .

It is also assumed that the factory under consideration is
"small enough" so its production has negligible effect on the
prices and they can be regarded as exogenous variables. We shall
also assume that the "input compositions" of goods sold by
sector Sj to Si do not change in time and as a result, we can
deal with pj instead of pji .

The output and net profit of the factory becomes

: 0 o, Y VA :
Y. = F, T (=% P , D, =q.Y. . (53)
= pj

Suppose now that at t the prices have changed but the tech-

in(t) in(to)
nology of our factory requires that xi(t) = xi(to) . Then
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technological coefficients aji have to change and become

t
p. () X.. (t) P _
6530 = Sheyxier T F %41 - (54)
J Pi i pi J
t _ ,
where Py = pi(t)/pi(to) , i=1,...,n .

As a result, the value of net profit of the factory becomes

D, = R;D; , (55)

where R, is the "profitability" coefficient

)
1- 1 a -
j=1 31 n &.i aji/qi
Ri = 0 I :J—— . (56)
= i=1\ a
1- 1 N J ji
j=1

Since &ji(t) are changing in time, it is interesting to find
that value of &ji which produces the highest profit of a par-
ticular factory. Since the value added by the factory is usually
calculated by taking into account the value of productive factors
(i.e. the exogenous factors in our analysis) we shall assume

that

(57)

e~
H
)
.—l
]
13
|
)
.—l
1]
=]
.—l

1 3
where oy is given.

Then the problem consists of finding

max R, (&..)
p” ityi
a..

ji

subject to (57) . It can easily be shown that the maximum

value Ri = 1 is obtained if
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[o 2P
& =%a_=a_ ’ j,i=1,---,n - (58)

ji i ji
)

3=1

Q1

ji

When a factory employs an obsolete technology and as a
result aji $ &ji , j,i=1,...,n , it suffers losses. Most of
the factories will try to change &ji by modernization of technology
in order to achieve at least the average sectorial level of tech-

nology, characterized by a.. = , Ji=1,...,n .

sERRS
As follows from statistical data, the value of oy is
usually decreasing in time. 1In that case, one should replace the

coefficient oy in (58) by &i < o v and as a result

where

In that case the Ri coefficient in (56) should be multiplied
by

/0. - 8, = -
I S a‘;i““"i <1 .

r, = —
oy =1

In order to maximize profit, the factory should in addition
increase Gi , 1.e. increase the value added.
In the hypothetical situation when no investments and

modernization takes place, so that aji(to) = aji(t) = aji ,
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the observed &ji change should be assigned solely to p;/pg p

which can be estimated from the obvious relation

t, t _ . ~
pj/pi = aji(t)/aji(to) . (59)

On the other hand, when the prices do not change in [to,t]
(e.g. the prices for coal, steel, electric energy in Poland are
quite stable), &ji change can be assigned solely to the tech-
nological change.

When there are data on sector price indices p§ sy J=1,00.,n,
available, it is possible to compare them with (59) in order to
determine the "pure" technological change.

It can also be demonstrated that the technological change
resulting from modernization is generally lagging behind the
price change.

Since data regarding aji at the sectorial level are usually
not available, there is a tendency to use &ji(t) for that purpose
(as an approximation) estimated from input-output tables of
national economy.

As follows from (55), the change of aji in the production
function results in decreasing of the net output by a factor
R, < 1 . Since in the model under consideration the K, parameters
in (12) are being identified by least squares, the accurate identi-
fication of aji is not so important and one can use the estimated

Jji
Now let us turn our attention to the construction of adaptive

by (50) aji(t) as proxy for a.. .

models for the consumption-structure change. The Yy coefficients

which express the social preferences, regarding the allocation
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of expenditures among the different spheres of activity (pro-
duction and development factors), can be estimated ex post by

the following relations:

Vv(t) = z,(8)/2(8) , [2(t) =¥(t=1] , v=1,...,m,

where zv(t) - the government expenditures in fiscal t year
known from statistical data.

The Yy coefficients should satisfy the following relations:

m
oy, (t) =1 . (60)

The change of Yv(t) in time can be regarded as due to an
additional social goal Yg(tz) = ngv(t1) and exogenous influence

uy, - Then by the similar arguments and relations (43)~(51), one

arrives at the formulae equivalent to (51),(48):

u t g -1
v v
Yy € [2,(8)] ' (61)

Yv(t)

V] ~
+ 9,7, (£)[1 —e

A

~ o,
Yyltipqy = v, (t;)e ]

(62)

However, care should be taken while g, are being estimated,
in order to satisfy condition (60).

It should be noted that the adaptive approach to the
modeling of technological and structural change has several ad-
vantages. First of all, it should be observed that only the short
time sequences of &ji(t) r Ji=1,000m, t=-1,-2,...,T4
are available. For example, the reliable input-output
tables for Polish economy are available only for the

last eight years. The a priori knowledge, regarding the
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statistical properties of coefficients estimated, and the random
factors involved, is limited. In that situation the application
of standard econometric methods (such as least squares) would
hardly give the positive results. On the other hand, the
application of the adaptive forecasting models , in such situations,
have been shown to be effective [6].

The adaptive algorithms (48) are simple enough so the
estimation of the aji coefficients for each planning interval
is easy.

When the "moving-horizon" planning technique is used, it
is necessary to derive the projected values of aji(tk) for the
[k,k+T], (k=0,1,2,...) subinterval. Using the methodology de-

scribed, one should derive the projection time intervals by
t,=k+2 ,  k=0,1,...

and then use the prediction formula (50):

~ 7 ~ —aji(k)%
aji(k+ 7) = aji(k)e ’ k=20,1,... (63)

In each planning interval, the aji are kept constant and

equal aji(tk) . These values are changed when one passes to the
next planning interval. At the same time, the new estimates of

~

aji(k+1) are derived by (48), so that

& . (k)
agg ety = 1n AL

aji(k+1)

~
I

0,1,... (64)
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As a result, at each planning interval [k,k+T], one deals
with a new steady-state set of technological coefficients, which
are approximating the expected change of technology, as shown

in Fig.14. In other words, we approximate the continuously

changing technology by a set of stationary (within each planning

interval) models, or - the model is adapting to the changing

technology. It should also be noted that an adaptive approach
enables us to deal with the optimization and price submodels,
which require that aji do not change within the optimization
interval.

The adaptive approach in estimation of consumption structure
change has many advantages as well. Besides what has already
been said with regard to the technological change, it should
be noticed that the utility function parameters Y, can hardly
be regarded as determined completely by GNP and prices only (as
the model (35) may suggest). Instead of taking into account
a number of factors, social values and goals which can hardly
be explicitly expressed, it is better to learn the effects
resulting from these goals in terms of expenditures policy, i.e.
Yv(t) , v=1,...,m . The adaptive forecasting algorithms for

Yv(t) change seem to be best suited for that purpose.
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ITII. Interregional and International Cooperation Models

3.1 Optimization of regional development

The national model of development can be regarded as the
aggregation of submodels, which have been constructed for all
the regions of the country. It is important that the methodology
used for construction of regional submodels enables the aggre-
gation, which yields the consistent relations between the regional
and national (core) model variables and model equations.

So far, we have been dealing with the methodology, which
is useful for modeling and planning of long-term development in
n-sector production systems. The purpose of the present section
is to show how that methodology could be used for modeling of
regional development and regional planning.

First of all, it can be observed that the national model can
be regarded as the sum of regional submodels if all the statis-
tical data are available. One can consider also a particular
regional model Sr cooperating with the rest of the country Sc
(Fig.15). All the submodels' technological (and other) coef-
ficients should be estimated or chosen in such a way that
the aggregated submodels give the same set of basic relations
as the core national model. Then the sector's strategies, re-
garding the allocation of production factors among the set of
regions, can be analyzed. If we consider, e.g. a particular
production sector Si and N regional production functions of the
general type (13) of Sec. 1.2, the contribution of j-th region

to the regional production yij(t) can be written as
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m Bv
y..(t) = T {f ..(t)} (1)
ij v=1 U vij
where
t o
fvij(t) = J kvij(t - T)[ZV1j(T)] at ,
-8 . (t-T .)
- AV AV
kyig(8) = Ky 4e r BT
0 ! t < Tvi .

We shall also assume, for the moment, that the total regional
resources Zvj' v=1,...,m, j=1,...,N be given. Then it is
possible to find the regional optimum development strategy

~

zvij(t) = zvij(t) s, v=1,...,m , i=1,...,n, j=1,...,N,

T ¢ [0,T) , such that

T n
Y, = J M+t § yi4(0) at (2)
5 i=1

is maximum subject to

T
J zvij(t) dt < Z\)j ’ v=1,...,m
0

’ j=1,...,N (3)

zvij(t) >0 , i=1,...,n , T e [0,T] .
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The optimum strategies can be used to derive the value of

AYj = AYj , which takes the form (31) of Sec. 1.2.

~ m )
AYj Gj v£1 Zvj ’ Yy an ’ j 1,...,N .
(4)
The problem which presently faces us is to derive the
optimum values of Zvj = Zvj ,v=1,...,m , j=1,...,N,
which would maximize
N m Y
ay= 7 6 omoz Y, (5)
j=1 4 y=1 V)
subject to
)
Z . < Z R v=1,...,m , (6)
j=1 vj v
vj >0 , v=1,...,m , j=1,...,8 . (7)

It can easily be verified that a unique optimum strategy

exists and it can be derived by the formulae:

(5 d

(8)

where
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Using the present method, we can derive the optimum
allocation of production factors and government expenditures
among different regions and production sectors within the
planning interval. There is, however, an obvious drawback to the
present approach: it is very much production oriented, i.e. it
takes into consideration, first of all, the efficient allocation
of resources. The government expenditures in education and health
services are treated here as complementary (i.e. supporting)
production factors. A possible way to avoid that drawback is to
assume that a part of the government budget is used for an in-
creased financing of these regions which are behind the average
country's figures. 1In that case, we can use the production
function (25) of Sec. 2.2, where zvj(T) represent that part of
government expenditures which has a universal (with respect to
a particular technology) production effect. 1In order to allocate
that part of government expenditure in an explicit form, a
method described in [26] can be applied. According to that
method, a regional dissatisfaction function can be constructed

of the general form:

B

Dy(2) = dy g |§vj - z3j| Vo, i=1,...,N
where dj R Bv - given positive numbers,
Zvj - given country's average (per capita) of govern-
ment expenditure level.
The problem consists in finding Z\,j = EGj r J=1,...,8,

v=1,...,m , such that
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is minimum, subject to

% 254 < ay2y, o v=1,...,m , 0<ay <1 ,
Zsj >0 , j=1,...,N .
The numerical values of as , v=1,...,m , which represent the

share of universal expenditures in Zv , can be estimated from
past (historical) data, or considered as decision variables.
Using that approach, the regional benefit (utility) function

(4) can be written as

m Y Y
no(z'.) Yzt Vo, !

AY. = 2 .
I oy=q V3 vj

J v

j=1,...,8 , (9)

which shows the contribution of all government expenditures to
the regional welfare. That contribution can be regarded in two
possible ways. The direct way in the form of salaries (Z;j) ’
education, medical and social care organized by production
sectors (Z6j) and the indirect way (expressed by Zgj) in the form
of public education, social and medical care, and environment
protection organized by regional and government institutions.

The main factor, determining the regional growth in terms of

Y. is, of course, Gj , which depends on the Kv" , 1=1,...,n ,

J 1]
v=1,...,m factors. Since the numerical values of Kvij in the
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model under consideration are being determined ex post from
statistical data, the model has a tendency to maintain the
existing development trends. However, it is a rather common
situation that the regional growth depends as well on new
geological discoveries, for example, which change the existing
regional production structure. For that reason, a more detailed
location analysis and optimization is needed. 1In particular, it
is necessary to analyze the change of model technological coef-
ficients, resulting from the change of location of production
sectors.

Consider a simple model, shown in Figure 16, where the
national core model cooperates with a new production sector Sr
being planned at the given region r. It is assumed that the core
model projections of the total investment intensity (Zz(t)),
labor cost (Z1(t)) and other government expenditures (Zv(t) R
v = 3,...,m) in the planning interval [0,T] are given. The
expenditure intensities connected with the regional project
Ci(t) , 1 =1,...,m are assumed to be known. It is assumed that
the central planning unit considers a number (M) of different
regional projects characterized by given cost functions Cg(t) ’

i=1,...,m, j=1,...,M, where generally

3
¢; (M

IA

Zi(t) ' i=1,...,m , j=1,...,M ,

T € [OIT] v
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but

VoG

1oci(r) >z (t)

j=1
at least for some i ¢ [1,...,m] , t € [0,T] . Then it is
necessary to choose a subset M' ¢ M of these projects which are
most effective for national and regional development. Generally
speaking, the projects can be realized at N different regions

yielding different values of expected GNP increases:

AY., = Y, - Y B jeN ,

where YO the GNP generated within the planning interval [0,T]
by the core model when all the resources are allocated
in optimal manner, but no specific regional project
is indicated,

Y. = the GNP generated within the planning interval, by the
core model and regional project, when the cost of
regional project resources is shifted from core

to regional project.

Since, generally speaking, the change of project location
will induce the corresponding change of transport costs and
prices for sr output and other sectors' outputs, it is necessary
to derive AYj r jJ=1,...,N , in constant prices. In that way,
one takes into account the direct economic effects of regional
location as well as the indirect effects resulting from price

changes within the whole socio-economic systems. Some of these
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changes can be regarded as beneficial (for example, an increase
of regional production may decrease the product price and increase
the consumption), while at the same time the industrial growth
may induce more pollution, decrease the agriculture productivity,
etc. Another reason is that dealing with output expressed in
constant prices, it is possible to neglect the inflationary
effects on the economic growth.

Suppose that at the first stage of regional planning each
project has been checked for an optimum location. To do that,
it is necessary to find j = r , such that AYr = max{AYj} j e N .
When the project inputs and outputs are traded with the core
mainly (at least during the planning interval) that process gives
us the optimum location of individual projects among the possible
regions.

The next step is to choose the best portfolio of projects
satisfying the constraints on the available resources generated
by the core model. In order to solve that problem, one can use

the well-known integer programming method. In order to do that,

introduce the discrete variables Xj e [0,1)1, § =1,...,M . The
problem consists in finding the strategy Xj = Xj s k=1,...,M,
such that
M
AY = X.AY. 10
j£1 5 R B (10)

attains maximum subject to the constraints

ch(t) X, <z.08) , i=1,...m , t=0,...,T .

1 J
11

e~z
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The present method can easily be extended to the case when
the regional project involves a complex of n' sectors Sri ’
i=1,...,n" <n , which exchange the products with core as well
as among themselves. A typical example is an energy complex which
involves the coal mine, electric power station, which consumes
coal and generates electricity, utilized together with coal to
produce chemicals, etc. In the last case, it is necessary to
coordinate the core expenditures assigned to different production
sectors.

In order to use the proposed methodology for optimization
of regional allocation of resources, it is necessary to intro-
duce the regional aspects in the regional (Sr) production
function. The main factor which should be taken into account
is the change of technological coefficients and prices resulting
from the transport cost changes. Consider as an example the core
sector production function (4) of Sec. 2.1, which corresponds

to a fixed location. For the optimum sector production strategy

one gets
Y.i p.X.i
“'i=’“L=_1"L , jhi=1,...,n . (12)
J Y. p.X.
1 11

Suppose that the project under consideration has been
located at the same place as the core production sector and the
same technology (requiring the given ratios of iji/ﬁi ’
j,i=1,...,n) has been adopted. In that case, the

project technological coefficients are determined by (12).
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Suppose now that the location of the project Sr has been

changed (with respect to core sector location) and the cost

N

er of the inputs xjr has changed to become

~ N

Y. =Y. (1 + t.) (13)
jr jr jr

where tjr ~ an increasing function of distance between the

old and new location. The effect on the economy is the same as

if the ajr of Sr had changed to become:

ajr = ajr(1 + tjr) . (14)

Besides the transport costs which depend on Sr location

a new production project may also use more advanced technology,

which changes xjr/xr

neutral with respect to location of the project. 1In a similar

, 3 =1,...,m . That process is, however,

way, the change of Sr location affects the ori and QY coefficients

in equations (36)-(38) of Sec. 2.3. The final result of these

changes is a change of price indices pg , 1 =1,...,n and the
corresponding change of AYj (in constant prices).
In order to derive the effect of &jr ' &ri on the resulting

national model output, one can also consider Sr as an independent

sector with the given 6., i = 1,...,n technological coefficient

jr
and the price index p: , which can be derived from the extended

set of equations (38) of Sec. 2.3:
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Qtyt—1
t _ i
fnp; - Z1ajlﬁnpj d_.%np_ = q. |¢n =
i
m
+ Z B nw |, i=1,...,n
v=1
n QEYt_1 m
inp. - j£1 &y 0Py = In — + v£1 8, 4nw
r

(15)

The next step is an aggregation of sector Sr with the corresponding
sector in the core model. As shown in [33], such an aggregation
results in a new set of aggregated technological coefficients
and a new sector price index. It can be observed that a regional
location process has an important effect on the technological
change and development on the regional, as well as the national
level.

It should be observed that in the regional models discussed,
the labor force, as well as all the other development factors,
is regarded as mobile so that it can be transferred from the
higher to the lower populated areas if necessary. That, however,
involves additional costs (mainly in housing), which are usually
assigned to the new investment costs. As a result, the effective-
ness of regional investment may decrease when there is a shortage
of labor present.

Another important factor which decreases the expected

(within the planning interval) gross regional product (GRP) is



-155-

the cost of protection of the environment. As already mentioned,
the harm done to the environment depends much on the regional
location of new production and consumption centers. For example,
in a heavily industrialized or populated area, the construction
of a new factory is generally more harmful than in the desert.

The pollution control cost necessary to satisfy the regional
standards depends, therefore, on the location of each new factory.
As a result, the GRP generated in the planning interval according
to (60) of Sec. 1.4 depends on the location and the technology
used.

In order to achieve the fastest GRP growth, it is necessary
to choose not only the location, but the area of productive
specialization as well. It is also important that the chosen
location ensures the availability of natural resources. It
happens, for example, that industry competes with agri-
culture for supplies of fresh water. As a result, the price of

water depends on the location, and changes with time.

3.2 International cooperation models

As already mentioned, the main idea behind the normative
modeling of development is to find the best allocation of develop-
ment factors strategy (which yield the maximum integrated output)
subject to the constraints imposed on the flow of resources. At
the regional level, as already mentioned, the availability of
the labor force, natural resources (e.g. water, energy, etc.)
and environment protection, represent the typical constraints

of development, while the amount of financial resources depends
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on the higher level (i.e. government) decisions. At the national
level, the constraints take the additional form of monetary con-
straints. For example, the GNP generated by the economy should
be in balance with the government expenditures, as shown in

Sec. 1.2. Since in an open economy the foreign trade influences
the GNP level, the foreign trade-balance should also be observed.
In addition, since the international cooperation also involves
crediting of investments, exchange of "know-how", patents, skilled
labor, scientific and technical cooperation, etc., the general
international cooperation model takes a complex form as shown

in Fig.17. The general idea behind the model is that all the
factors contributing to the development can be subject to inter-
national cooperation. That usually involves international agree-
ments on a government level. Government decisions are based on
the system of values and development goals which again are subject
to international exchange in values and ideology. In the case

of Poland, for example, close cooperation with the Soviet Union
and socialist countries is very important in that respect. It
stimulates international cooperation at government and even lower
levels. The creation of international organizations such as the
Council for Mutual Economic Assistance (CMEA), involving nine
socialist countries, has had a great impact on the rapid develop-
ment of all of the member countries. The creation of the Inter-
national Bank of Economic Assistance (in 1963) and the Inter-
national Investment Bank of CMEA (in 1970) stimulated foreign
trade, mutual assistance in the development of new branches of
industry, and utilization of scarce resources among the socialist

countries. The close cooperation among the CMEA countries also
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exists in science and technology, education, and cultural life.

The cooperation of CMEA countries with the rest of the
world, especially in trade, science and technology, is rapidly
developing as well.

The benefits which result from foreign trade development
for each participating country are well-known and are analyzed
in the "pure theory of foreign trade" [14]. Little comprehensive
theory exists, however, on the benefits resulting from general
international cooperation, according to the activities shown in
Fig.17. Our first objective in the present section is, therefore,
to find the impact of trade, as well as of mutual assistance in
crediting the national investments, exchange in science and
technology, education and other national activities.

It is assumed that international organizations and banks
have certain stocks of initial resources (created by contri-
butions of participants according to the mutual agreements),
which are used as aid in financing the development plans pro-
posed by individual countries. The loans are given, generally
speaking, with interest rates, which help the less-~developed
countries to grow at a faster rate. 1In that way, the socio-
economic development of different countries may rise to pre-
determined levels should the need arise.

Since the loans obtained should usually be paid (including
interest) back,from the national and the long-term development
points of view, it is important to know how many benefits one
can expect, using foreign credits.

From the systems analysis point of view, that problem boils

down (as mentioned in Sec. 1.2) to the comparison of relative
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advantages of optimal development strategies, which are subject

to the amplitude (i.e. full autarky) or integral (i.e. inter-
national credits available) constraints. In order to solve that
problem, consider first of all the model of international trade
shown in Fig.18. The model consists of national production-
sectors Si , 1i=1,...,n , which export part Yiz of their products
to the foreign market Sz . On the other hand, SZ is exporting

Yz (1-q,) part of the total export ?z , to the national system,
consisting of production and consumption subsystems. The "pro-

duction function" of Sz (in market Sz currency) can be written

in similar form to the Si - sectors functions, i.e.

q. n o, n -,
s _ z = iz = = iz
Y, =F, .E Yiz P, .H (piz) ' (16)
i=1 i=1
where
n
Q=1- ! @iz, >0
i=1

prices of exported sectorial commodities in

el
[N
N
1]

Sz currency.
The production functions of si , i=1,...,n , sectors are

a_.
supplemented with Yzi21 terms, i.e.

qi=1-§d..—a_ (17)
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where

P,; = the price of imported commodities in the

domestic currency.

Since Yiz , 1=1,...,n , are measured in domestic currency

it is necessary to introduce the following exchange rates:

a) the export exchange rate

Yiz
Ny = /Yy, =

P,
lz/Pi ’ i=1,...,n , (18)
where

P; - sectorial prices in domestic currency.

b) the import exchange rate

I

M="/7 - (19)

It is assumed that sector Sz maximizes the net output

n
D =Y - ] ¥ .
z z 18 itz
in the same way as the domestic sectors Si , i=1,...,n, do .

As a result of that strateqy the corresponding trade flows

(according to (6) (7) of Sec. 2.1) become

Yzi = aziYi ’ i=1,...,n , (20)
Y. =oa,_ ¥ , i=1,...,n , (21)

iz iz "z
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where
o . o_ .
; - E O s jl/qi 1/qi L 21/qi
i i .-.\p. P P_: '
I=1\"3 zi
n
U i£1 %31 T %3 7 0
P, = the price of imported commodities in domestic
currency,
a.
§ - F *iz 1Z/qz - /qz
z z s1\3 P, )
Piz
Since
n . n ~
I= .z YZl + Yzo = .5 a21Yi + Yzo
i=1 i=1
where
Yzo = the part of import used for factor endowments
(mainly the productive investments, some govern-
ment expenditures, and part of private consumption)
and, on the other hand
I= §Z(1 -q.) . (22)
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one gets

Mm=1- . (23)
T

According to (23) the import exchange rate M increases along

with the increase of demands for imports of production inputs

aziyi (claimed by sectors) and demands for development factors

YZO.M decreases when the supply of import §Z(1—qz) increases.
From the domestic point of view,the lower M is, the greater
the benefits.

The value of export under optimum strategy becomes

2 %iz
1 Ny

]
]
o~ 3

~ n . A N
. Yiz = .Z Yiz/N. = Yz.z (28)
i=1 i=1 i i=

When the balance of payment: I - E = 0 should be observed

one gets by (22) (24)

n a. n -
e Tl LT @s)
I 9z i=1 %i i=1
where
Y.
a — 12
iz n
R4
L.7iz

is the production of the si share in the total export E.
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As follows from (25) the resulting import exchange rate M,
under the balance of payment condition I - E = 0 , is determined
by shares aiz and export exchange rates Ni + In order to decrease
M, the domestic system should increase Ni by decreasing p; prices
with respect to Eiz . That can be done by investments and
technical and organizational progress in these sectors Si which
yield the greatest values of Ni . In the case when Ni = N = const.
for all i = 1,...,n , one gets by (25) M = 1/N . The last
condition should be regarded as an approximation. In the foreign
trade practice, the commodities offered for export are usually
classified according to the values of Siz/pi . There is a
tendency to export first of all these commodities which have the
greatest values of 5iz/pi . That tendency can be interpreted

as a willingness to keep Ni = % , 1i=1,...,n . Assuming that
the condition Ni = % , 1=1,...,n holds, it is possible to express
p = Mp in terms of export (fob) to import (cif) price ratios

zi 2i

T, (8) = B, (8) /B, (£) , i.e.

1_)zi(t
P,; (£) = P, (t) =p;e)/T,(80) , i=1,...,n .
piz(t)

Now we can investigate the impact of Tzi(t) change on the
domestic price system. For that purpose, we can use the eq.(38)

of Sec. 2.3. Since the domestic production function (17) includes

[o N -0 .
in addition the Yzil P, 21 factor, the term

t _ t t
a;1ln pzi(t) = q 1in pi(t)/Tzi(t) ’

zi
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where
T ) =Ty e-1)
Z1 Z1 Z1

should be added to the left side of eq.(38), Sec.2.3.

In the general case, the foreign trade system consists of
many markets Sz , 2=1,...,8 , and it is necessary to have the
balance of payment with each of the markets (though some trans-
fers of payments between markets are sometimes possible). Then

supplementing (38) (Sec. 2.3)with the additional factor

s o_. -0
Iy .21p zi
g=1 Zi zi
one obtains
s t n Yzli m
(1 - z a,;)lnp; - .Z ajllnp = q| =g+ 2 B, ; 1nw
z=1 j=1 Fi v=1
s
-1 ayi1n Tzz !
z=1
i=1,...,n (26)

where
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It should be observed that the increase of TZE decreases

the domestic prices pE , i=1,...,n ., Since we have no foreign

t

trade price model, the Tzi should be regarded as exogenous

variables. For forecasting purposes, one can extrapolate the

P,; 7 Pi, prices by exponential functions:
o.t B.t
P,i(t)h =a, e’ ,  p.(t)=b e’ ,
and find
1n TZE = Bi -ay i=1,...,n .

It should be observed that the assumption of exponential
price trends for the depletable natural resources (i.e. coal and
0il) can be justified by theoretical arguments as shown in Ref.
[u7].

The derivation of TZE is especially simple when the sector
trade is homogenous. For example, the sector of energy production
of the Polish economy exports coal and imports oil, so lnTZE
is the difference of annual rates of price-change for these

two commodities. Since o0il price rises at a faster rate than

coal price, 1nTz§ for energy is negative, and as a result, the

domestic prices pE , 1 =1,...,n increase. The impact of TZE
change on domestic prices depends also on the AOug 7 i,e. the
share of imported commodities in the total sector input, charac-
terized by 1 - qy - Since the optimization goals , which is

the integrated GNP in constant prices, depends on the sectorial

t

prices, the optimum allocation of z,4 strategy depends on Tzi

change.
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It is possible to show that when lnTZE change (e.g. from
positive to negative values) for a number of sectors a reorien-—
tation of existing development strategy may follow which gives,
in the planning interval [0,T], preferences to the development
of these sectors of national economy which contribute most to
the general development goal.

It should be observed that the proposed methodology of
planning the optimum development depends a great deal on the
accuracy of world prices forecasts. Obviously, the best results
would be obtained if one had a world trade model including all
the markets under consideration and trading the commodities
which correspond to the sectorial aggregates.

In order to show how such a model can be constructed by
using the present methodology, consider a simple model consisting
of two submodels (representing two countries), each consisting
of a number of production sectors Si s, i=1,...,n, Sz '
z=1,...,N . Suppose two sectors Si ’ Sz have engaged in trade
and it is necessary to find out what terms of trade can be
obtained, when the countries have agreed to keep the constant
balance of payment (e.g. equal zero).

The production function of Si can be written as

. n .. .
a o %zi

—p. i ji = F
Y, = F,; j£1in Y . F
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In the same way for the Sz sector one gets

7 = ; 9z < %iz
z z iz !
5 _ a1
where Yiz =M Yiz ' Yiz export from Si to Sz '

M = exchange rate of Sz currency for Si currency.

The optimum cooperation requires [see (6) of Sec. 2.1]:

P
>
>

<>
[}

R
I

R

zi zi~i

where
o 1
2 ~ [Pig iZ/ﬁz qz
¥, = Fi\g, P, ’
iz
o 1
o = [Pzi ZL/qi 93
Y, = Fil o (pi) .
zi
and

Introducing the term of trade T, one gets

i~ piz/§z
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From the balance of payment condition MYiz =Y.

one obtains

which can be written in the form similar to (26):

Oy yne O s t t =t
( 1z/qz+ 21/qi-1)lnTzi - 2azi/§iln Py + Zaiz/qzln P,
-t
t F.
Y2isq,  %zifg-1 - | = 1n-t
= 1n @, o, Fi/Fz Fy (27)

The equation (27) combines the two systems of linear equations
of the type (26), which refer to the two countries and the re-
spective systems of prices pE ,i=1,...,n, 5; , z2=1,...,N.

In order to find the development strategies which are beneficial

for both countries,it is necessary that the investment-price ad-

justment technique, described in Sec. 2.3, is extended and co-

ordinated by taking into account the interactions specified by
-1

T, =T . are then

(27) . The resulting terms of trade Tzi v Tyio 2i

derived endogenously. The coordination of the development process
can be extended to the general case of all the countries wishing
to cooperate in the given areas (sectors) of foreign trade.

Using the present approach, it is possible to find these areas

of international specialization which give the highest possible

comparative advantages.
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It should be observed that in the literature on the
comparative advantages resulting from different growth policies
and corresponding terms of trade, much confusion exists. The
problem has been especially controversial since a paper was
written by J.R. Hicks (1953), in which he had shown that
export-biased growth would turn the terms of trade against a
country, and that import-biased growth would improve a country's
terms of trade. The so-called British school held that the terms
of trade would go against the developed countries, while another
school (represented by Singer and Prebish) maintained that the
terms of trade would more likely have gone against the less-developed
countries.

The resulting confusion is presumably due to the complex
nature of international growth equations. In the situation when
"everything depends on something else", it is possible to obscure
and hopelessly entangle the whole issue when one starts to specu-
late on the possible solutions of nonlinear, many-variables
equations in qualitative terms. It is probably better to leave
the whole thing to the normative mathematical models and computers,
which can tell us in monetary terms who will benefit and how much
they will benefit, given the concrete values and constraints.

It can be shown that using a model of trading countries
with the production function (which use as inputs the exports
from the remaining countries) and observing the balance of
payment conditions, it is possible to find a unique system of
exchange ratios. That means that M in (23) should be regarded
as given exogenously (from the world monetary model) and as a

result, the value Yzo is bounded from above. In other words,
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it is not economically justifiable to decrease M (e.g. by en-~
forcing export) in order to get additional Yzo for factor
endowments. Then the only possible way to increase the factor
endowments (and the rate of growth) is to take foreign credits,
Of course the credits should be paid back (including interest)
in the planning interval [0,T].

In order to derive the comparative advantages when using
credits, one can apply the aggregated model of Sec.1.2, described
by equations (13)-(20), or the simple version (38)-(41). 1In the
last case, the computations are much simpler. Since the credits
are usually and most often used for financing the productive
investments, we shall assume also m = 2. The optimum strategy

of investments, according to (43) of Sec.1.2+

*
~ - e(1) .Y
z{Tt-T) = wity " & ’
where
T 1
¢(T) = %KwkT)_4 J eOt-G(t—T) attd ,
T
T
G = J eg(t) dt , qa=1-a ,
o

*
and Y 1is the solution of the equation:

<
1l
<

B 1-8
¥+ cf [e (1-8) a]“ Y*

i The index v = 2 can be dropped here.
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In Fig. 19 the typical forms of the functions ;(t) R
Y(;) = Q(t) have been shown. It is possible to show that §(t)
increases at a faster rate than Y(E), which corresponds to the
strategy z(t) = YY(t-1), i.e. the amplitude constraints or au-
tarky. That phenomenon occurs even in the case when the total
amounts of capital investments (i.e. the areas under ;(t) and
z(t)) are equal, and it can be explained by the fact that in the
inertial system it pays to allocate most of the resources at the
beginning of the planning interval [0,T]. That can be done, of
course, with the mobile part of capital investments only when
foreign credit is used for purchasing investment goods abroad.
The credit, together with the interest, should be repaid at
t = T. That requires that foreign and domestic mobile investment
goods can be traded without any restrictions. However, when the
GNP increases according to Q(t), the part Z(t) = Y§(t—1) can be
used for investments and only the shaded area between the curves
;(t) - Z(t) , t e [O,Tl],as shown in Fig.19, represents the
necessary total credits required. The corresponding area for
t e [T1T] represents the domestic "savings" of mobile capital
investments which can be traded or used for further investment
purposes. Then the net credit value C, which is necessary for
optimum development within [0,T], can be written as

T

T, ~ ~
c = J 1[z(t)—2(t)]w (tyat - I [Z(t)-z(t)]lw (t)dt .
o T

1 (28)

Since the function w (t) increases along with interest rate

€ , as shown in Fig.20, the first term in (28) increases at a
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faster rate than the second term. As a result, C is an increasing
function of ¢ and the generated within [0,T] increase of GNP
(AYC), which takes into account the repayments of credits,

becomes

AYC =AY - C . (29)

That value (which is a decreasing function of ¢) should be
compared with AY, corresponding to the development in autarky.
For a given planning interval T, there exists a value of credit
rate € , such that AY, < AY for e > € and it does not pay to take
credits with € > € . The value of ¢ depends on the effectiveness
of investments, which in turn depends on the model K, §, B pa-
rameters and prices.

In the planning practice, the following optimization problem

is also formulated. What is the minimum value of time T = Tm

and credits C Cm , which will guarantee the given development
rate r = AY/Y ?

*

That problem can be solved by finding the required GNP (Y )

and Tm from the equations:

q B 1-8

Y = %[B (1-8) a]“ (30)
r’'q

r = X_:§X£2L , (31)

Then from equation (28) one can find the necessary minimum

value of C = Cm , and the optimum crediting strategy can be derived
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C(t) = 2(t) - 2(t) , te [0,7] .

When instead of r the required development rate is defined
as § = AY/§ one easily finds r = §(1 + ).

It is necessary to observe that in the present model, r
cannot be an arbitrarily great number. The increase of r in-
creases E(t) - Z(t) , which represents the mobile part of the
investments. 1In the real economy, the mobile part cannot exceed
a certain fraction of the whole investment volume, and as a result,
r is bounded from above. The mobile part can be financed out of
the credits available at different ¢ rates at corresponding
markets. Since the change of investment strategy also affects
the sector price indices, it is necessary to express AY, AYC

in constant prices. Then the crediting strategy depends on the

expected terms of trade TZE

, t e [0,T] .

The present model can easily be extended to the general
model of international cooperation of Fig.17, which involves all
the development factors. It can easily be shown that the rate
of development can be increased when one follows a broad inter-
national cooperation program in the factor endowments policy.

To what extent that program can be used depends, of course, on

the international agreements, which depend in turn on the ad-
missable ratios of mobile to immobile parts of development factors
available. Since the general trend in development is a national
specialization in production areas and the development plans do

not coincide in time, it is often possible to coordinate the plans

of exchange of scarce development factors. For example, when a
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particular country is planning to develop a new branch of
industry it can "import" the technology, specialists, etc. at

the initial part [0,T1] of the planning interval in order to
"export" them in the interval [T1T], when the development reaches

a sufficiently high level.

IV. Conclusions

As already stated, the main motivation behind the present
research was to develop a consistent methodology enabling the
construction of long-term, normative development models. That
methodology enables in particular the construction of national
models, starting with a data base regarding the sectorial or
regional activity, and the construction of global models,
starting with a national data base.

The normative approach also enables the derivation of
national development strategies, which maximize the national
goals and satisfy the national aspirations, subject to the con-
straints which result from the shortages of natural resources
and an equilibrium in international relations.

The model then enables the derivation of the system of
price indices, which revaluate the resources available, and help
to relocate the development factors in an optimum manner. The
technological and structural changes take place, and as a result,
the utility functional of the optimally planned country increases
along with the time horizon. In that sense, no crisis is in

sight in the model investigated.
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As shown in the present paper, the construction of national
and then global models based on the methodology proposed is
feasible.

As shown in Ref.[37], a number of MRI models, constructed
at the Polish Academy of Sciences, have proved to be exact enough
(in the historical runs) to be used for projections of
development in Poland.

The methodology used can also be applied for the construction
of a development model for C.M.E.A. countries which have similar
development objectives and management structure, and which use
a similar long-term planning method for allocation of development
factors.

The methodology proposed should, however, be extended in the
case of countries which use a higher degree of decentralization
in their production factor endowments. As shown in Ref. [18],
in cases where the sectors (rather than the government) decide
how much capital to invest, one can easily extend the proposed
methodology. In the case of underdeveloped countries, it is
necessary to take into account the additional constraints resulting
from shortages in food supply, population explosions, etc.

Since the proposed methodology uses a "bottom-up" technique,
the problem of who should construct the national submodels and
how the national submodels could be linked together arises.
Before answering those questions, it is necessary to observe that
in most of the countries, short-term, descriptive econometric
models already exist. International cooperation in the area of
econometric models resulted in the creation of the project LINK

.(Ref.[4]), which enables the linkage of national econometric models.



-178-

The present problem, then, involves extending the modeling efforts,
in order to create a long-term, normative and complex global
development model.

It seems that what should be done first is to develop a
unified long-term, normative linkage methodology which would be
accepted by national model builders. Then the linkage of
national models in order to yield a global development model
would be comparatively easy.

The role of international institutions such as IIASA is
especially important in that respect.

It should also be noted that the aggregation methodology
proposed in the present paper enables the decomposition and ex-
tension of national models to the sectorial and regional submodels.
That approach has already been used in the system of models
constructed by the Polish Academy of Sciences, where the aggre-
gated national MRI models are regarded as the "core" models.

The core cooperates with the global model (by means of foreign
trade, crediting, etc.), and with a number of regional and
sectorial submodels, as shown in Fig.21. The structure of
sectorial and regional submodels is more complex. For example,
in MR1 the agriculture is represented by one sector only, while
the extended food and agriculture submodel consists of many
sectors which are responsible for the production of grain, meat,
etc., and for the food industry. The extended food model co-
operates with the core by receiving information regarding the GNP
and investment endowments, as well as the intersector flow of
fertilizers and other chemicals used in food production, agri-

cultural machinery, fodders, etc. It sends information to the core
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regarding the food supply structure, export and import demands,
etc.

By using regional and sectorial models, and cooperating with
the core model, it is possible to extend the main planning and
decision area to the needs of low-level or local decision units.
However, the central decision system obtains more information
regarding local problems and aspirations.

As a closing observation, it is necessary to notice that
the modeling of complex national and global development is a long
process of successive approximations of the constantly changing
reality. The approximations take place in time and space.
Scientists all over the world are trying to contribute to the
final result, which is a clear path of development leading to
global welfare.

The present paper should be regarded, therefore, as a small
step in the long approximation process. There is still much to
be done before we have a good model of national and global

development.
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V. Summary of basic objectives, structure, variables and

MRI-project organization

The main purpose of the present section is to summarize the
basic objectives, structure, variables and operation modes used
in MRI models, as well as the general MRI-project organization.

As already stated, the MRI models should be regarded as com-
puterized tools, which are supposed to help the decision makers
in long-term planning and forecasting of national development.
They are therefore normative. We understand by that term the
models in which the impact of different government decisions
and policies on the given development goals (utilities) can be
investigated. The normative model should enable, first of all,
the investigation of optimal decisions and policies. The models
should in particular:

a. consist at least of four main, cooperating submodels:

-~ production,
- personal and aggregate consumption,
- environment;

b. be opened and the impact of world crises in enerqy, food
etc. on national development should be investigated;

c. enable the computation (in the explicit form) of
optimum strategies in allocation of production factors
(i.e. investments and labor) and other government expen-
ditures;

d. enable the computation of optimum socio-economic policies
in the field of demograrhy, migrations, wages, taxes,
subsidies, environment pollution abatement, etc.;

e. enable the disaggrecation of the model structure in order
to investigate the more detailed regional and sectorial
submodels;

f. enable the comparison of different development strategies
(e.g. the investment strategy which uses the foreign trade
and credits or follows the policy of autarky) and the

impact of these strategies on the development,
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The general (simplified) structure of MRI models is shown
in Fig. 22. There are two main decision centers in MRI. The
first one is concerned with the allocation of production factors
(capital and labor) and other government expenditures. The
second is concerned with the socio-economic policy, which includes
in particular: wages, prices, subsidies, demographic policy,
migration policy and environment protection policy.

These two decision centers cooperate closely in order to
optimize the given development goals. As the development goals

we use, in particular,

a. maximization of GNP (in current or constant prices),

b. maximization of GNP per capita (in current or constant
prices),

c. maximization of consumption per capita (in current

and constant prices).

The mode of operation which enable the investigation of
development resulting out of the stragegy of continuation of
trends estimated ex post is also possible. Another mode of
operation possible concerns the investigation of effects of
strateqgy, which follows a prescriptive scenario, e.g. the energy
or food crisis in the world market.

The decision maker can investicate in the model the effect
of different development strategies on the national development
(using different objectives) and the impact of these strategies
on socio-economic development and environment.

The main feedbacks affecting the development in the model

of Fig. 22 can be classified as follows:

1. investment (ZZ) creates the capital K which con-
tributes to the production (Y),

2. personal consumption (Z1) [paid to the population in
different social groups:

L.~ part of population in preworking age,
L.~ the working part of population in working age,

L.,- the nonworking part of population in working age

(e.g. house-wives),
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L,- part of the population in post-working age]

supports the labor employed L1 which contributes to the
production (Y);

3. the government expenditures (Zv' v =3,...,m), which
contribute to the aggregate consumption, affect the
technical progress, which in turn contributes to the
production (Y);

4. the personal and aggregate consumption affects the
fertility, which in turn determines the demographic
processes and labor supply (L1).

In the model of Fig. 22 several interactions take place:

a. the productive activity pollutes the environment and at
the same time the natural resources are used for pro-
duction activity,

b. the consumption is accompanied by pollution of environ-

ment, and at the same time the natural resources are
being consumed,

c. there is a number of interactions between environment,

fertility, migration and population sub-models,

d, the interaction with global model by the way of foreign

trade, credits etc. also exist.

The basic variables and operation modes used in MRI at
different forecasting runs are shown in Table 1.

In the first versions of MRI we have used as exogeneous
variables: population, labor and sectorial terms of trade. At
the present time an effort is being made to endogenize these
variables. That requires first of all that a better submodel
of population and fertility, as well as foreign trade model
should be constructed.

The general MRI-project organization is shown in Fig. 23.

The main part of our activity is concerned with the modelling
methodology. We are trying to use here as much as possible the
help, support and criticism coming from the scientific community
(scientific committees of Polish Academy of Sciences etc.).

When a concrete version of the model (labelled MRO, MR1,...)
is proposed the identification of model parameters should be
carried out. As a data base we use mainly the annual publica-
tions of Central Statistical Office (G.U.S.).
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Then a set of instructions, in FORTRAN, is. being written
for the CDC 6400 Cyber 72 computer,

The printed outputs from the computer are being evaluated.
We are trying to use here as much as possible the cooperation
with the Planning Commission, Committees of P.A.S., Planning
Dept. of Ministries etc. The responses and requests obtained from
them are being used for reformulation of model goals (utilities)
and policy objectives,

As can be observed, the MRI modelling is a long iterative
process which creates a series of models. At each stage we
compare the model constructed with the reality. For that purpose
we use the historical runs. We are trying also to incorporate at
each stage the new concepts achieved in macroeconomic, environ~
mental and social sciences.

Since it is impossible to present in a short conference
paper the complete version of our modelling efforts in the next

chapters only the main parts of version MR5 have been described.
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1. Introduction

The paper deals with the model of production subsystem which
is a part of the normative development model of the LRI type
described in [A]). The present modelling effort of the national
economy was started in 1972 at the Polish Academy of Sciences.
Within the MRI series the following models were constructed:

MRO - singe sector model

MR1 - 9 sectors model

M¥R3 - 15 sectors model

MR4 - 15 sectors model (modified version)
MR5 = 33 sectors model.

This presentation deals with the production subsystem for
the MR4 model, and the following problems are considered:

1) mathematical description of a production subsystem,

2) structure of the management system,

%) optimal allocation of resources,

4) evaluation of the model parameters,

5) algorithms of the economic forecast and optimal policy.

2. lfultisector Production Model - A General Description

Consider the n production sectors Si’ 1 = 1ye0eynte Fach
sector produces Yi goods annually, and cooperates with the re-
msining sectors shown in Fig. 1.

The intersector flows are labeled Yi
2yeesye

g0 3= Theen, o= 1,

There are two exogeneous inputs for each sector: Yn+1,i is
the import from the countries of The Council of Mutual Economic
Assistance (CMEA), and Yn+2,i is the import from the other coun-
tries.

Let us consider labour ZOi’ i=1,...4n, as additional inputs
to the productive sectors.

The net product of sector Yi contributes to the national in-
come, which in turn is used for factors endowments.

In the present paper the investment allocation for the pro-

duction sectors is considered only.



-196-

Government
Balance of expenditures

international . National Private
exchange _ . lncome distributed L consumpz‘wn’

Pk O Jij i

TN

Productive
investments

AN

)
National | Z; _ 4
Lncorme -

~<
-~
[

y ,
ﬂD SL’ bl — — L._- SJ'

Yn‘f‘.?[, Yn+2 ;

Figure 1. Production subsystem.

Assume that each sector is described by the generalized Cobb-
Douglas production function

. 19y o+ s
Y (t) = [Fi(t)in(t)xmz,]i(t)’f"l} iji(t)qu (2.1)
=1
i=1,...,n
where
n+2
g =1 'Zuji)o’ X 5370, § = 1ye0une2, 1= 1,0000m
3= (2.2)
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for * T s =1 43100 (2.3)
§=0,1, 1=1,0eesn

In (2.1)=(2.3) cx are the elasticities of output with re-
spect to the current production factors, XJOiqi is the elastic-
ity with respect to employment Z 0i°* and f1iqi is the elastic-
ity with respect to capital stock Z11

All sectorial inputs and output are expressed in monetary u-
nits.

The positive function ?i(t) combines technical progress,
and change of prices.

By virtue of (2.2) and (2.3) there exist a& constamt return
to scale in all sectors, i.e. for each sector production func-
tions are linear homogeneous in all the inputs and capital
stock.

The relation between the investments and the capital stock
can be written in the form of & difference equation (in the
other versions of the model, the direct production- investments
relations were used)s

B

Z43(8) = Zag(t=1) exp (= &) + ci[zi(t-TOi)] (2.%)
i=1e00,n
294(T, = 1) = 211(Tp - 1) (2.5)

where §1i(Tp - 1) is the given initial capital stock at the end
of period Tp - 1.

The relation (2.4) takes into account the delay of plant con-
struction TOi and the exponential depreciation of capital (c5i
is the depreciation rate).

The °i> O and O</3i< 1 coefficients take into account the
nonlinear effects of the investment process.

Solving the equation (2.4) one gets an alternative form of
relation between investments and capital stock

Z44(t) = Z1i(Tp - 1) exp (-<§i (t - T, + 1 +
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t

+ Z:ci exp [(-éi)(t-'t )] [zi('r - TOi)]/}i (2.6)
T=

P i=1’ooo’n

%, Optimization Problem

3.1, Structure of the Management System

The decision structure is introduced in the model.

Let us assume that there exist three decision levels in the
economy. The national income generated at the end of the period
(t - 1) is divided, at the first level, among the productive in-
vestments, private consumption, and government expenditures.The
second decision level is concerned with allocation of product-
ive investments among the sectors Si, i =1,00eyn. At the third
level the sectors select the technique of production that max-
imize their net profit.

3.2. Optimization of Sectorial Strategies

Let us assume that the sector capital stock is fixed by the
second decision level. The sectors maximize <the net profit in
each period t.

If the time index is neglected then the net sector profits
are described as following:

n+2
= Yi -ZY
J=1

Di ji - in, i= 1,.--,11 (301)

Substituting (2.1) into (3.1) and denoting

YOi = ZOi’ i-= 1,...,11 (3.2)
O(Oi = Xoiqi’ i = 1,...,11 (3.3)
-di = qi - OLOi’ i= 1,ooo’n (304)

we get the following problem:



-199-~

For each sector i find the nonnegative strategies in =
= in, J = Oyeeeyn+2, such that the net profit

- - ~- n+2 n+2
94/ 41-93/9 9 4
D, = (F; Zay ) , ’in - 2 T4 (3.5)
J=0 J=

attains the maximum value.
The strategy as shown in [A] becomes

in = D(aiYi’ j = O,...,n+2, i = 1,.-.,11 (306)
where
-  n+2
5 qi/ i l c*'l/q 11’qi/q .
Yi - Fl ql Q{jja- i)Z/gi i [ l=1’ooo’n (3.7)
§=0

and the sectorial profit
Di = aiYi’ i = 1’ooo’n (3.8)

The expression (5.6) implies that the sectorial production
process with selected techniques of production corresponds to
the Leontief model with the technological coefficients

bl,ji = in/Yj (3.9)

The expression (5.7) shows that the sector production de-
pends on the capital stock only.
Having assumed the constant returns to scale, the relation

fﬁiqi/di = 1, 1 =1,e0eyn (3.10)
holds.
It should be observed that the expression (3.7) and (3.10)
gives linear relation between the sectorial production and the
capital stock,
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In the model the first part of relation (3.7) is approxim-
ated by Ki exp Pit

—~  n+2 -

a;/q; L1/

= 1734 i’ 41
Fyi(t) oqi = K; exp pyt (3.11)

3=0
i = 1,.--,1’1

where parameters Ki and‘pi are evaluated from statistical data.
Then, from the point of view of the second decision level,

each sector is described by one factor-production function

Y;(t) = K; exp (pt) Z1i(t) (3.12)

3.3, Optimal Investment Allocation

In this section the problem of dynamic investments alloca-
tion among the sectors is considered.

The discounted cumulative national income over the time in-
terval [Tp,Tk] can be defined as follows:

T n
T = ? ? w, (t) Ty () (3.13)
=p =

wi(t) = given discount function

where:

(3.14)
D (t) = q;(t)Y;(t) = net sector profit
T -t

As a discount function we take wi(t) = (1+€) P where £ =
= discount rate.

Using the relation between the sector production Yi(t) and
the capital stock Z1i(t) one gets expression (3.13) in terms of
the capital. On the other hand, the relation between the sector
investment zi(t) and the capital stock Z1i(t) is written in the
form of the difference equation (2.4).
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Let us assume that the investment zi(t) satisfies the so cal-
led amplitude constraints. The problem of investment allocation
can be formulated as follows:

Find the nonnegative strategies zi(t) = Ei(t), i=1,..0yn,

t =T ""’Tk’ such that the discounted cumulative national in-

P
come
S,
5-) Y w0 ay () Ky ex (0 (T ))%yy(8)  (3.15)
t=T i=1
P

attains the maximum value subject to
Za:(t) = Za:(t=1) exp (- S;) + ¢, |2z, (t = T )/3i 16
1i(8) = 244 xp i 1|%1 Oi] (3.16)

i=1’.o.’n’ t:TP’...’Tk

Zyy (T, = 1) = 21i(Tp -1 (3.17)
d
an n
E 23(8) ( 21Dy b= Topeen,Ty (3.18)
1=
zi(t)}O, i=1¢004n, t = Tp,...,Tk (3.19)

The above formulation can be interpreted as the discrete
optimal control problem. It is possible to reformulate that
problem in the form of a nonlinear programming problem.When one
solves (3.16) for Z1i(t) one gets (2.6).Substituting (2.6) into
(3.15), and changing the summation order one gets the equiva-
lent formulation:

Maximize

n T -

1 n T
)z, ()P 4 ()2 (t)ﬂi (3.20)
(fi i %1 i
i=1 t:Tp



-202-

subject to (3.18) and (3.19), where

Tie

Uy(8) = ) exp (S (8+T4:)) ay(BE;e
’[’=t+Toi

.exp[(}li -d i)'t] w (1) (3.21)

The first component of (3.20) does not depend on the invest-
ment in the interval [TP,Tk]. Thus the optimization problem can
be formulated as follows:

Maximize
T n
> ) g0 2wl (3.22)
t:TP i=1

subject to
n
E 2,(8) C LY, b= T,y (3.23)
i=1
Zi(t) }O’ i= 1,.0.,11, t = Tp’ooo’Tk (3.24)

Obviously problem (3.22)-(3.24) can be decomposed in time,
and we can solve ('1‘k - T + 1) static nonlinear problems. Thus,
it is necessary to find an allocation strategy for the <follow-
ing reduced problem:

Pind the strategies Z5 i =1.00on, such that

I = : M 2
-EH:% i (3.25)

attains maximum value in the set
n

R = {(21,...,211): ? 2, % 2390, 1= 1,...,n} (3.26)
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According to the assumption one has 0 <[51< 1, Lfi >0, 1 =
= 150009

Since the function (3.25) i1s striotly concave continuous and
monotonically increasing on the set ° , the maximum of I is ob-
tained on the boundary of % determined by

? Zi = Z (5027)

For the maximization problem (3.25) subject to constraint
(3.27) we form the Lagrangean L(.,.) On E2x E1 defined by

n

n
L(z, A) = Z “?:‘.7/131 + A(Z - Z:zi) (3.28)
i=1 1=

where A is a Lagra.ngg multiplier, and compute the stationary
points z = 2 and A= A by solving the equations

L(z,A) zpi-1
Lpipii -_A =o’ i=1’oo.’n (5.29)

Z.

1
OL(Z4A) -
—rsie)
i=1

=0 (3.30)
From (3.29) we obtain
1/(3;-1
Zi='——"1—'1—A d}l ), i=1,...on (3.31)
/31‘1
(f1fy)

Substituting (3.31) into (3.30) we get a nonlinear equation

n

1 1/(5,-1)

£(A) =2 = A 7 -o0 .
(931357
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Thit equation has a unique solution and the optimum value
A= A can be derived.
The algorithm for solving the reduced problem of the re-
sources optimal allocation is presented below.
Algorithm
Step 1: Choose an initial Lagrange multiplier A ° satisfying
£( 2% >0
Comment: From step 2 to step 5 the equation (3.32) is solved by
the Newton method
Step 2t Set j =
Step 3: Compute a derivative at A J

n
f'(}\j) = —"—1——— (Aj)(a_pi)/gﬂi-” (3.33)
AP -

Step 4: Compute ,
ARV AT erAYy 2ad

Step 5: If £(A j+1) =0set A= A*T ang go to step 6. Other-
wise set J = j+1 and go to step 3
Step 6: Compute the optimal allocatlion of resources
1 1/(3,-1)
Zi= 7\ g/}i ,i=1,ooo,n
@43)

and compute the coefficient of allocation

v, =2,/%, i=1,...n (5.34)

The above algorithm is used to solve the dynamic allocation
problem (3.22)-(3.24) for each period.

At the right hand side of the_constraint (3.18) it is pos-
sible to replace Z(t) by X’(t) D(t-1), where D(t-1) is the na-
tional income distributed at the end of the year t-1,and jf(t)
is the share of productive investments in national income (a
decision variable on the first level)

The algorithm is also used to maximize the accumulated glob-
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al income when the constraints (5.18) are replaced by a cumul-
ative investment constraint as follows:

T n

Zwi(t) 2, (t) <z (3.35)

t:Tp i=1

whére wi(t) = discount function.

The above type of constraint is advantageous for the anal-
ysis of a credit strategy [B.II].

In this case one finds a Lagrange multiplier by solving the
following equation

T /(B:-1)
2 N vg}(t)f‘l'i i VP

£(A) =2 -

and optimal solution is expressed in the form

w ()2 /Py
§; (0P

(3.326)

2,(t) = (3.37)

4, Evaluation of the Model Parameters

Using the data from statistical yearbooks published by the
Central Statistical Office it is possible to evaluate the model
parameters for the Polish economy. The MR4 development model
has been constructed using the aggregation (fifteen sectors) as
follows:
~ Fuels and energy
- Metallurgy
- Machinery, electric equipment
Chemical industry
- kilnerals
- Wood and paper
- Light industry

NN OOV FE WD A
]
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8 = Pood industry

9 -~ Other industrial branches

10 ~ Building industry

11 - Agriculture

12 - Forestry

13 -~ Transport and communications
14 - Trade

15 - Rest of production
Assume that at the time interval [TP,Tk] the following val-
ues have besn observed and recorded:
in(t), J = Ogeeeynt2, 1 = 1,¢..,n

ii(t)’ i = 1,00-’11
Z1i(t)’ i = 1’...’11

’z‘i(t), i = 1,000
The adaptive model here is used for estimation of the elas-
ticities o( 4;3(t) [B.I]. For the estimation of these parameters
the input-output tables have been employed.

4,1. Estimation Parameters of the Production Function

Using the reduced form of the production function

parameters n; and K; have been evaluated in the following man-
ner:

From statistical data the indices of global production and
capital stock have been obtained

Yt i

i=1,00e,0, t (4.2)

== = T+1 ss e T
i Yi(t _ 1 ’ p e
~ Ty (1)
t 14 :
Zas ST s 1 = 1,0-0,11, t = T+1,--.’T (4‘-3)

Since by virtue of (4.) one has
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- K, exp (p,(t-T)) Z,. (%)
YI= i ,u;L R ~1l Y i=1’...’n
Ki exp (py(+=T-10)243(¢ - 1) 4 THTpeeesTy

the APi become

St I (4
(Ty - p) t:TP+1

Then it remains to determine the numbers Ki.
For that purpose one can apply the least square method mini-
malizing the expression
"
2

) [ig(t> - By exp (py(¢-T )2 (D) (45)
t=T
Y

with respect to Ki' The solution takes the form

T

E exp (py (+~T))Z,, ()Y, (%)
=T _+
P

Tk ~
) {exp (pi(t-mp>>z1i(t>}2

= 1
t Tp+

t

K = (4.6)

4,2, Estimation Parameters of the Capital Stock Equation

The relation between the investment and capital stock takes
the following form

241(%) = Z,4(t=1) exp (-di) + ci[zi<t-TOi%/31 (4.7)

t = Tp+1,-o-,Tk’ i= 1,...,11
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The depreciation rate c§i and the time delay TOi have been
obtained from statistical yearbooks. The least squares method
has been applied here again, to find the estimates c; = Gi, and
/31 =/3i, which minimize the following expression

T

X /51 2
i 745 (%) = Z4;(t=1) exp (=}) - o4 [zi(t-TOi)]
€= 4,8)

The conjugate-gradient method has been used t0 minimize the
above expression.

4,%, Evaluation Criteria

To compare the data ex post with the values received from
the model the following evaluation criteria have been used:
relative annual error:

£,(t) = [Xi(t) - ?ci(t)J /X (t)y t = TseesT 1= 1500y

(4.9)
and relative mean square error
T
= -~ X(t)—X(t)] 1 =1e0e4n
& (r, - T+ DX (1) \| L7 [1 i ’ 1erey
P P ='p (4.10)

where: Xi(t) is the value derived from the model; ii(t) is that
from statistical data.

5. Algorithm for the Economic Forecasts and the Optimal Policy

There are two main purposes which were taken into account
during the construction of the algorithm. The first one is the
examination of impact of decisions taken at I and IT level (see
[A] Fig. 15 and Fig. 1) on national economy development.The in-
vestnents among all sectors are assumed as the decisions vari-
ables at the first and second level, respectively. The second
purpose of the algorithm presented is the computation of optim-
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al investments strategies, according to the goal function
(3.13). However, there exists a possibility to examine the na-
tional economy development according to given investments strat-
egies, in order to compare them with the optimum strategies.The
share of investments in national income can be either computed
with the help of the algorithm, according to the previous trend,
or it can be treated as given value.

In the second part of the algorithm the economic volume in-
dicators are computed for the whole economy as well as for each
sector.

5.1. The Description of the Algorithm

1. Data used in the algorithms:
1.1. Forecasting parameters:
number of sectors
T - initial year
T - optimization horizon
k=Tp+Th
1.2. Parameters of the model
CLji - technological coefficientsy j = 1,...,0+2, i =

B
|

= 1,ooo,n
Ki’ Py - parameters of the production function, i = 1,
.." N .‘.’ N
Cyr Togr 61’/31 - parameters of capital stock equation,

iz 1,...,1‘1
51 - discount rate, i = 1,...4n
1.3, Initial values which describe the current state of econ-
omy
Z11(Tp-1) - initial cepital stock, i = 1,...,n
zi(t) - investment in previous period, i = 1,¢4eyn, t =
= Tp - TOi,...,Tp-1
Yi(T -1) - sectors production, i = 1,...,n
D(Tp-1) - national income
1.4. Exogeneous variables

PE(t) - balance of foreign trade, t = Tp—1,...,Tk
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1.5. Following decision variables have to be given (unless
they are computed by the algorithm):
6’(t) - investments share in national income
ri(t) - rate of investments in each sector, i = 1,...,n,

t - Tp,loo,Tk
The Algorithm:

1. Compute the income parameters
n+2

qi=1-§ dji’ Ei=qi-°<01’i=1’”°’n
3=1

2. Set t = Tp
3. Compute the capital stock

Zai(t) = Z..(t-1) exp (-6) +c [z (=T )]/31 i =1 n

11 I b § i il“i 0i ’ T e

4, Compute the sector production

Yi(t) = Ki exp ()Ji(t—TP)) Z1i(t)’ i= 1,-..,!1
5. Compute the current inputs

in(t) = Yi(t) ol'ji, 'j = 1,...,n+2, i= 1’.oo’n
6. Compute the sector wage fund

YOi(t) = Yi(t)uOi’ i= 1,.oo,n
7. Compute the sector income

'ﬁi(t) = Yi(t)qi, i = 1,ooo,n

and the sector profit

Di(t) = Yi(t) qy

8. Compute the national income



9.

10.

1.

12.

13.

14,
15.
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n
D(t) = E D, ()
i=1

and the national income distributed

D(t) = D(t) + PE(t)
If the productive investments share in national income 4 @)
is not given compute

Bt - 1) %p(*Tp)

(¢) =C
ﬁ 1Y L(t)

where C_, 8 - parameters evaluated from statistical dataj
L(t) + population

Compute the productive investment

2(t) = 4 (%) D(t - 1)

If the coefficients of investment allocation among the sec-
tors are not given solve the optimal investment allocation
problem using the method described in the Sec. 3 (the sub-
program OPTIM)

Compute the personal income of the population YO
program KONSUM)

Compute the supply of the consumption goods

(the sub-

Yi(t) = Yo(t)otjor § = 1yeeeyn

Set t =t + 1
It 1;<C['p+'.l‘h go to step 3

Comment: Below the volume indicators are being derived.

16.

17.

Compute average wage if the number of workers ZSi(t) in
each sector is given, otherwise go to step 18

Bi(t) = You(¥)/Z8,(%)y 1 = 1yee0yny t = ToseeesTy

Compute average annual growth of wages
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TP, (t) = 100-B; (£)/P;(t-1)
and go to 20

18, Compute the current average wages
B (t) = B (t=1) (1 + DB, (£)/100)

19. Compute number of workers in each sector
zs;(t) = YOi/(’IZ'Pi(t))

20. Compute capital stock per worker
Tki(t) = Z1i(t)/ZSi(t)

21. Compute labour productivity
Wpi(t) = Yi(t)/ZSi(t)

22. Compute productivity of the capital
Ppy(t) = Y3(£)/244(t)

23. Print results

5.2, Comments to Algorithm Run

According to (3.21) the values Lyi(t) become zZero for
t) T, ~To; 8nd as a result no investments are allotted to these
sectors in period te (Tk-TOi,Tk). That is due to the finite op-
timization horizon. Since such a situation is unacceptable in
real economy it is assumed that when L?i(t) = 0 we set LPi(t) =
= gpi(t-’l)/(’l+ €5).

The algorithm described was implemented in Fortran Extended
on the CDC 6400 computer Cyber 72. The present version of the
algorithm was used for forecasting the economic development of
Poland by MR4 model for 10 year horizon. The present version of
the algorithm requires about 70000 (in octal) words of memory
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and 11 second of central processor time for one execution run.

6. Results of Identification Run

For the identification the statistical data provided by Cen-
tral Statistical Office (C.S.0. - Giéwny Urzad Statystyczny)for
period 1967-1973 were used. According to Secs. 4.2 and 4.3 pa-
rameters of production function and capital stock equation were
identified. Results are given in Table 1, where: BETA -/31, MI
= Py C - ci, K - Ki'

Table 1. Parameters of production function

SEKTOR

O 0N 0 U £ W=

B S O G N
Vi & WV ao

For the sake of illustration

BETA
« 34779
47035
.31505
.40306
«635761
.35818
.15092
54771
32789
«17373
85893
11877
.82785
10711
45985

MI
.01798
+ 03334
.02092

-.00398
.03203
.00599
.01799
.00930

-.05166
.01430
.03613

-.02279
.05805
.02864
.07840

and capital stock equation

C
«10319E+04
- 16443E+03
«947678+03
«28280E+03
< 241548+02
«23096E+03
- 14433E+04
«89951E+02
+67415E+02
« 18864E+04
+45553E+01
«13019E+04
«68453E+01
«17359E+04
« 14408E+03

K
+49415E+00
+11632E+01
«17792E+01
«11054E+01
. 66006E+00
«15923E+01
« 28220E+01
+28160E+01
«18762E+01
« 34231E+ 01
«67052E+00
«85430E+00
« 25477E+C0
«17783E+01
«37278E+00

of the results of

tion the parameters for sector No. 3 (machinery and

identifica-
electric e-

quipment) are given in Table 2, where the following notation is

used:

ROK - year
MAJ.PROD.MOD. - capital stock according to model
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MAJ.PROD.GUS. -~ capital stock according to C.5.0. date
FROD.GLOB.MOD., - production value according to model

PROD.GLOB.GUS. ~ production value according to C.3.0. data

BLAD WZGLEDNY - relative annual error

BLAD SREDNIOKWADRATOWY - mean square error

IBENTYFIKACJA NA PODSTAWIE MAJATKU PRODUEKCYJNEGO - identifica-
tion based on capital stock

GUS - C.S.0.

MODELU - model

Table 2. Value of parameters for sector No. 3

SEKTOR NR 3

ROK  MAJ.FROD.MOD. MAJ .PROD.GUS. BLAD WZGLEDNY
1968 « 1304178+ 06 « 128469E+06 «151598E-01
1969 «143675E+06 « 140708E+06 +210879E-01
1970 «157170E+06 «155317E+06 +119289E-01
1971 «170459E+06 . 163762E+06 +4+08960E-01
1972 «184345E+06 «182232E+06 + 115942E-01
1973 . 200084E+06 « 2084298+ 06 -.400365E-01
BLAD SREDNIOKWADRATOWY = ,15073E-01

ROK  PROD.GLOB.MOD. PROD.GLOB.GUS. BLAD WZGLEDNY
1968 «229395E+06 «229123E+06 «127455E-01
1969 «256561E+06 « 254768E+06 « 2461 38E-01
1970 « 289186E+06 «281045E+06 «275360E-01
1971 «311357E+06 « 3208635E+06 «646285E~02
1972 « 353799E+06 « 3566218+ 06 «181693E-04
1973 +413216E+06 +410599E+06 =+ 375561E-01
BLAD SREDNIOKWADRATOWY = .14525E-01

IDENTYFIKACJA NA PODSTAWIE MAJATKU TRWALEGO MODELU

K = .17792E+01

ROK  PROD.GLOB.MOD. PROD.GLOB.GUS. BLAD WZGLEDNY
1968 « 229395E+06 «229123E+06 «118525E-02
1969 «256561E+06 «254768E+06 7037 37E+02
1970 « 289186E+06 « 281045E+06 . 289676E-01
1971 «311357E+06 « 520863E+06 -.296265E-01
1972 « 355799E+06 « 356621E+06 -.791230E-02
1973 «413216E+06 +410599E+06 «6374178-02
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BLAD SREDNIOKWADRATOWY = .96157E-02
IDENTYFIKACJA NA PODSTAWIE MAJATKU TRWALEGO GUS K = .17856E+01

The values of the mean square error were in the range 0.07%

-5.7% for capital stock and 1.0%-8.0% for production value.

The results which are given in Table 2 sre also shown

Figs. 2 and 3.
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Figure

7968 7969 1970 1971 1972 1973 Year

fx 104 mill. zl

From the model
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data

2

7968 1969 1970 1971 1972 1973 Year

. Gross product (a) and capital stock (b) in sector 3
(machinery, electric equipment).
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Db 103 mit. 2l
1800 From the model
[ =——— From statistical
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300+
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Figure 3. National income (a) and investments in economy (b).
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The run described was performed for MR4 model with 10 years
optimization horizon, starting with 1971.
are shown in the following tables.

The results obtained

Table 3. Forecasting parameters and elagticity coefficients
MODEL MR4 OPTYMALIZACJA I PROGNOZA

DANE

LICZBA SEKTOROW N

16

ROX POCZATKOWY TP = 1971

HORYZONT T = 10

WSPOLCZYNNIKI ELASTYCZNOSCI STALE

NR SEKTOROW

WO HWN -2

1

. 105484
. 054376
.017398
.037859
.0B6862
.023029
»009099
009712
.029338
.012681
.018242
« 009724
074170
.021083
+211061

6
013643
.00%219
.010028
.013270
«026561
.122000
.004672
«005217
«120296
019705
.003878
.037362
+005805
« 027900
064794

2

+004390
«397719
« 114503
. 026657
.018472
.010770
«000643
+002203
. 077679
054471
006972
« 002441
«001891
001518
«039905

7
+008523
.002868
009433
027934
.008918
. 040354
« 251657
.005353
042234
.007840
.007108
004833
«008311
.028544
«013109

3

.068859
056352
«209757
.036397
-054553
047482
.011504
+013130
.038440
«101977
.028938
023749
041837
.026450
.086289

8
.000594
.000541
001209
042965
.001696
.002683%
«013901
«199585
001313
000505
071394
.016813%
« 001023
045916
.007693

4

+009146
. 009666
034643
.182676
027293
.032429
«026191
»002887
.06073%2
.018681
.033003
«006352
«027715
.007193
«020247

9
« 000667
+001077
.005212
.003702
.005826
«006461
.022087
«002954
+072650
«002785
« 000425
«001154
«002814
+009739
134764

5

+009783
. 014940
.006338
.005631
«077943
.011515
.001038
+010663
004476
.068128
.002972
012166
«011440
006568
.023541

10
041792
+014089
002132
002746
011363
. 004080
000915
«002556
012534
086213
.008180
«025101
«032485
.036772
.012660
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NR SEKTOROW

NR SEKTOROW

W OOIO\NFWLIND =2

SQaadan
VIEVINQAOW OO VI

Table 4. Sector parameters
DANE SEKTOROW

\D(D\'IO\\HP\NN-\ﬁ

DELTA
«0557
0344
. 0459
.0348
0492
0544
.0326
.0582
.0498
»0673
0312
0524
.0286
.0202
.0232

-218-

11 12
. 000077 . 000248
. 000051 . 000625
. 000049 . 000165
.005716  .002752
» 000715 .001788
.001951 . 182527
+039381 .000080
«391513 . 000561
.000486  .002061
«000299 + 003041
. 584481 «000445
018223  .044119
«003027 «000166
013404  .000016
.040056  .000459
15 16
001996 .266986
001462  .101591
.002582  .151715
. 001761 .090936
002469  .242284
.000816 .185123
.000847  .128800
.002050 .062152
004887  .241386
001132  .288179
«001157 «2992%4
011711 «287513
.004581 « 363934
005190  .244647
019772  .224295
BETA K
« 3478 +4942E+00
<4704 «1163E+01
«3151 «1779E+01
4031 «1105E+01
+6376 «6601E+00
« 3582 «1592E+01
«1509 «2822E+01
5477 «2816E+01
«3279 «1876E+01
<1737 « 3423E+01
.8589 «6705E+00
.1188 «85438+00
.8279 « 25488400
«1071 «1778E+01
+4599 «3728E+00

13 14
.055468  ,006177
.013269  .014318
.016268 011837
.024776 004750
.070873  .009281
.023103 013724
.006501  .008120
.040879  ,029307
.027843  ,005418
.121457  .010507
.003355  ,008087
.088167  .003%268
.039298  .007677
.087703  ,007281
.048610  ,004189

17 18
.097885  .013567
060466  .092828
077874  .127756
.012176  .100619
.027205  .027233
.020048  .060706
.010229  .082630
019649 115577
.020205  .084884
L047470 011144
.011365  .005318
.005518 001967
.026240  .040889
.002107  .007586
.013809  .009173

TO  WSP.DYSEONTA
3 1000
3 1000
1 1000
1 .1000
1 1000
1 1000
1 1000
1 1000
1 1000
1 1000
1 1000
1 .1000
1 1000
1 1000
3 1000
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Table 6. Decision and exogeneous variables
ZMYENNE DECYZYJNE

ROK POZYCZKI WSP.UDZIALU INW.FROD.W DOCHODZIE
1971  =.17700E+05 « 234461
1972  +.13200E+05 .239377
1973 « 15000E+ 04 . 247436
1974 . 49700E+05 256453
1975 .90300E+05 .266755
1976 O. .277638
1977 O. .286278
1978 0. «297819
1979 0. .310327
1980 O. «323506
WSPOLCZYNNTKT PODZIALU INWESTYCJI
SEKTOR 1 2 3 4 5 6

1971 .02798 «02001 07771 .03520 .03185 01614
1972 02421 .01728 .07056 03101 .03035 01452
1973 .02026 01437 06309 02694  ,02859 .01287
1974 .01616 01131 05544 ,02303 .02658 01122
1975 .01224  ,00833 . 04892 . 01977 .02476 00984
1976 .00880  .00563 04609 .01807 .02413 +00920
1977 00432 .00240 04170  .01590 .02287 .00827
1978 .05924  .06261 .0%615 .01335 .02018 .00712
1979 . 12833 « 16735 .03060 .01091 01694 .00598
1980 01173 .00904  .03206 .01520 .01732  ,00680
SEKTOR 7 8 9 10 11 12
1971 .022%9 .06190  .00103 04038 52864 .00259
1972 . 02006 .05652  .00087 .03658  .55244  ,00226
1973 . 01769 05101 .00072 03264  .57731 00194
1974 01530 + 04541 .00059 .02861 «60303 00164
1975 .01330  .04060 + 00049 .02522 .62460 .00140
1976 01239 .03835 .00043 .02384  ,63200 ,00128
1977 01106 .03508  ,00037 .02160 .64650 .00112
1978 .00950  .03029 .00030 .01887 « 55847 .00095
1979 .00802 .02520  ,00024 .01619 . 42082 .00079
1980 .00870 .02996 00043 .01580 .72184  .00100
SEKTOR 13 14 15

1971 + 11931 01149 .00339

1972 «12998 01032 . 00305

1973 « 14083 «00911 .00263

1974 + 15163 .00788 .00215

1975 « 16203 .00685 .00165

1976 » 17225 .00639 .00116

1977 .18260 .00570 ,00052

1978 .16789 .00490 .01019

1979 « 13785 00414 .02665

1980 12418 « 00441 .00152
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Table 4 contains the sector s parameters where the follow-

ing notation is used:

DELTA-di BETA-[&i K-K T0- To
WSP. DISKONTA - £ i
Table 5 contains initial values of the economy, where

SEKTOR - sector

PRODUKCJA - value of production

MAJATEK TRWALY - capital stock

INWESTYCJE Z UWZGLEDNIENIEM OPOZNIEN - investments
according to investments lage

WARIANT OBLICZEN - variant of run

WSPOLCZYNNIKI UDZIALU INWESZYCJI PRODUKCYJNYCH W DOCHODZIE
/GAM/ PROGNOZOWANE - the share of investments in na-
tional income is forecasted

MACIERZ WSPOLCZYNNIKOW PODZIALU INWESTYCJI WYZNACZANA
FRZEZ OPTIM - allocation of investments among sectors
derived by subroutine OPTIM

STALE DO PROGNOZY GAM .179000 .007365 - value of para-
maters for forecasting of C_, and ap (see point 9 in al-
gorithm) respectively

ROK - year

PROGNOZA LUDNOSCI /W MLN/ - forecasting of population (in
millions)

p

Table 6 contains decisions and exogeneous variables /ZMIENNE

DECYZYJNE/ where

ROK - year

POZYCZEKTI -~ balance of international trade

WSP.UDZIALU INW.FROD.W DOCHODZIE - the investments in na-
tional income share

SEKTOR - sector number

WSPOLCZYNNIKI PODZIALU INWESTYCJI - rates of investments
share for particular sector in each year

ZATRUDNIENIE W SEKTORACH - number of workers in each sec-
tor

Table 7 contains results of computation /WYNIKI Z MODELU/
where:

ROK - year
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DOCHOD NAROD - national income
INWESTYCJE - investments
EONSUMPEJA - consumption
WSP.PODZ.DOCHODU ~ the share of investments in national in-
come
STOPA WZROSTU -~ the rate of national income growth
DOCHOD DZIELONY - national income distributed
MAJATEK TRWALY W SEKTORACH - capital stock in each sector
Table 8 contains the volume indices of the economy (PODSTA-
WOWE WIELEKOSCI EKONOMICZNE I WSKAZNIKI TECHN-EKON GOSPODARKI)
where the following notation is used:
- gross product (in millions)
- capital stock (in millions)
- profit of the production subsystem
- employment in production subsystem (number of workers)
- wages fund in the production subsystem
average monthly wage
- average lincrease of wages
- capital stock per workers
- productivity of capital stock
- value of capital stock on production value unit
11 - labour productivity
12 - net product
13 - gross product (depreciation excluded)
14 - net product (depreciation excluded)
15 = added value
Table 9 contains results of optimization run for one sector
(No. 15 - communication and tramsportation). Following notation
is used:
DELTA - J
ROK - year
INWESTYCJE - investments
PRODUKCJA - gross production
DOCHOD - sector income
WSP INWEST PROD - sector investments share in total invest-
ment fund
PRZEPLIWY Z SEKTOROW - intersector flows

OO0 OOV &£ NN
1

PN

43 E-Ez EBETA - (3,5 10 - Ty,
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SEEKTOR -~ sector
Table 10 contains the same indices as Table 8 but it is con-
cerned with a particular sector (i.e. No. 13).

The historical run for national income and investments is
shown in Figure 3.

The general organization of the programs and subroutines us-
ed for MR4 model is shown in Figure 4.

Decisions Exogeneous Statistic-
variables variable al data
Optimization Program of
subroutine identification
OPTIM IDENT

Program of the economic
forecasts and optimal
policy - MR4 » Consumption
subroutine
KONSUM

Figure 4. Packet of programs.
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Table 8. Volume indices of the economy

PODSTAWOWE WIELKOSCI ERONOMICZNE I WSKAZNIKI TECH-EKON
GOSPODARKI

LEGENDA
1 - PRODUKCJA GLOBALNA (MIN ZL)

2 - MAJATEK TRWALY (MLN ZL)
3 - DOCHOD CALEKOWITY PODSYSTEMU FRODUKCJI (MLN ZL)
4 -~ ZATRUDNIENIE W PODSYSTEMIE PRODUKCJI (L. OSOB)
S - SUMA PLAC W PODSYSTEMIE FRODUKCJI (MLN ZL)
& - SREDNIA FLACA (ZL)
9 - SREDNI WZROST FLAC (PROCENT)
8 - TECHNICZNE UZBROJENIE PRACY
9 ~ PRODUKTYWNOSC SRODKOW TRWALYCH
10 - MAJATKOCHLONNOSC
11 - WYDAJNOSC PRACY
12 - PRODUKCJA CZYSTA
13 - PRODUKCJA GLOBALNA NETTO
14 - PRODUKCJA CZYSTA NETTO
15 - PRODUKT DLA SPOLECZENSTWA
SYMBOL ‘
1970 1971 1972 1973
1 .1510E+07  .21985E+07 .24321E+07  .26856E+07
2 .196958+07  .20831E+07  .22581E+07 «24503E+07
3 .32957E+06  J46219E+06  .50437E+06  .54944F+06
4 .13693E+08  .13886E+08  .14079E+08  .14271E+08
5 .30680E+06  .44198B+06  .49231E+06  .54845E+06
6 .18677E+04  J26525E+04  .20140E+04  .32026E+04
v . <42021E+02  .98600E+01 .99053E+01
8 .14383E+06  .15002E+06  .16039E+06  .17170E+06
9 .32315E+00  .43405E+00  44137E+00 . 44806E+00
10 « 30945E+01 «23039E+01 « 22656F+01 .22319E+01
11 . 46480E+05 «65114E+05 «70793E+05 .76932E+05
12 .63646E+06  .90416E+06  .99668E+06  .10979E+07
13 «14350E+07 21179E+07  23449F+07 .25913E+07
14 .56045E+06  .82356E+06  .90947E+06  .10036E+07
15 .25356E+06  .38158E+06  .#1717E+06  .45514E+06
SYMBOL
1974 1975 1976 1977
1 .29571E+07  .32495E+07  .35862E+07 « 39496E+07
2 26U56E+07  .28711E+07 .31297E+07  .34011E+07
3 .59522E+06  .64562E+06  .70141E+06 .76091E+06
4 .1B465E+08  .14658E+08  .14851E+08  .15044E+08
5 .60958E+06  .68063E+06  .76328E+06  .85376E+06
6 «35119E+04  .38695E+04  .42B31E+04  .47293E+04
v «96559E+01 .10185E+02  .10687E+02  .10419E+02
8 .18290E+06  .19588E+06  .21075E+06  .22608E+06
9 45530E+00  .46193E+00  .46799E+00  .4747SE+00
10 «21959E+01 «21648E+01 «21368E+01 «21064E+01
11 .83293E+05 .90481E+05 .98628E+05 . 10733E+06
12 . 12048E+07 A3262E+07 . 14647E+07 <16147E+07
13 .28499E+07  .31406E+07  .34685E+07  .38208E+07
14 <11036E+07  .12173E+07  .13470E+07  .14880E+07
15 .49406E+06  .53670E+06  .58376E+06  .63419E+06



Table 8 -
SYMBOL

WO\ F W

continued

1978
+43508E+07
. 37029E+07
. 82648E+06
.152378+08
.95722E+06
.52352E+04
.10697E+02
. 24303E+06
+48170E+00
. 20760E+01
.11707E+06
« 178357E+07
<42141E+07
«1647GE+07
.68980E+06
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ROK

1979
«47633E+07
« 29941E+07
«89387E+06
«15430E+08
« 10644E+07
« 57485F+04
«98036E+01
«25886E+06
+49028E+00
« 20396F+01
«12691E+06
«19582E+07
46171E+Q07
«18120E+Q7
< 74764E+06

1980
«51513E+07
JA2371E+07
«95844F+06
«15623E+08
« 116568+ 07
«62173E+04
+81553E+01
«27121E+06
«50129E+00
«19949E+01
«13596E+06
. 21240E+07
«49971E+07
«19699E+07
.80430E+06

Table 9. Results of optimization run for sector No. 13

«2548E+00

SERTOR 13

DELTA = .0286 K =
ROK INWESTYCJE
1970 « 25412E+05
ROK PRODUKCJA
1971 «11289E+06
1972 «12529E+06
1973 < 14042E+06
1974 «15916E+06
1975 «18273E+06
1976 « 21226E+06
1977 « 2447128+ 06
1978 « 28977E+06
1979 «33755E+06
1980 « 38700E+06

WYNIKI Z MODELU

DOCHOD

. 34622E+05
. 38426E+05
430678405
48813E+05
.56043E+05
.65100E+05
«75791E+05
.88871E+05
.10352E+06
.11869E+06

BETA = .8279 TO =1
INWESTYCJE  WSP INWEST PROD
«24798E+05 +11931
+30599E+05 « 12998
« 38517E+05 « 14083
~48783E+05 «15163
«61228E+05 «16203
» 70047E+05 «17225
- 84408E+05 + 18260
« 89184E+05 «16789
«83772E+05 « 13785
+85330E+05 «12418



Table 9 -

SEKTOR

WO\ W=

continued

1971
«B3727E+04
. 21347E+03
L47228E+04
« 31286E+04
12914F+ 04
«65330E+03
.93819E+03
. 11548E+03
« 31766E+03
« 36671E+04
« 34171E+03
. 18739E+02
362+ O4
. 86662E+03
«51713E+03
41083E+05
« 29621E+04
L46158E+04

1975
«13553E+05
« 34554E+03
» 76449E+04
« S0644E+04
« 20904 E+04
« 10607E+04
« 15187E+04
«18693E+03
«51420E+03
« 59360E+04
«55312E+03
«30333E+02
«71809E+04
« 14028E+04
«83709E+03
«66502E+05
47948E+04
« 74717E+04

-229-

ROK

1972
<92927E+ 04
.23692E+03
.52417E+04
«34924F+ 04
<14333E+04
.72730E+03
< 10413E+04
.12817E+03
.35256E+03
. 40700E+0k
«37925E+03
.20798E+02
<49236E+04
.96184E+03
«57395E+03
«45597E+05
. 32876E+04
«51229E+04

1976
<15743E+05
.40138E+03
.88803E+0h
. 58828E+04
. 24283E+04
.12322E+04
«17641E+04
«21714E+03
«59730E+03
.68953E+04
.64251E+03
«35235E+02
.83494E+04
.16295E+04
.97236E+03
.77249E+05
«55697E+04
. 86791E+04

PRZEPEYWY Z SEKTOROW

1973
.104158+05
. 26554E+03
587488+ 04
. 38918E+04
. 16064E+04
.81515E+03
+11670E+0k4
.14365E+03
«39515E+03
45616E+0h
. 42506E+03
.23310E+02
.55183E+04
.10780E+04
.64327E+03
.51104E+05
. 36847E+ 04
57417E+O4

1977
.18329E+05
. 46730E+03
. 10339E+05
.68480E+04
. 28270E+04
< 14345E+04
.20538E+04
.25280E+03
«69539E+03
.80277E+04
.74803E+03
41022E+02
<97113E+04
.18971E+04
<11321E+04
«89935E+05
. 64844+ 04
+10104E+05

1974
+11805E+05
« 30097E+03
«66586E+04
« H4110E+04
« 18208E+04
«92390E+03
«15228E+ 04
«16282E+03
U4787E+03
«51702E+04
J48177E+03
« 26420E+02
«62545E+04
« 12218E+04
«72910E+03
«57923E+05
«41763E+04
«65078E+04

1978
« 21492F+ 05
«54795E+03
«12123E+05
«80310E+04
« 33150E+04
« 16821E+04
« 24083E+04
« 29643E+03
«81541E+03
« 941 32E+04
«87712E+03
«48102E+02
«11387E+05
« 22246E+04
« 13274E+04
« 10546E+06
«'76036E+04
«11848E+05
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Table 9 - continued
SEKTOR ROK
1979 1980
1 «25036E+05 «28704E+05
2 «63830E+03 «73182E+03
3 «14122E+05 «16191E+05
4 «93551E+ 04 «10726E+05
5 «38616E+04 <4U4273E+04
6 «19595E+04 « 22466E+04
9 « 28054F+04 « 32164E+04
8 « 34531E+03 « 39590E+03
9 «94986E+03 «10890E+04
10 «10965E+05 «125728+05
11 «10218E+04 «11715E+04
12 «56033E+02 «64242F+02
13 «132658+05 «15208E+05
14 «25914E+ 04 « 29710+ 04
15 < 15463E+ 04 «17729E+04
16 «12285E+ 06 « 14084E+ 06
17 «88573E+04 «10155E+05
18 «13802E+05 «15824E+05
Table 10. Volume indices for sector No. 13
SEKTOR_13
LEGENDA
1..- PRODUKCJA GLOBALNA (MLN ZL)
2 - MAJATEK TRWALY (MLN ZL)
3 -~ DOCHOD CARKOWITY PODSYSTEMU PRODUECJI (MLN ZL)
4 -~ ZATRUDNIENIE W PODSYSTEMIE PRODUKCJI (L.0OSOB)
5 - SUMA PLAC W PODSYSTEMIE PRODUKCJI (MLN ZL)
6 - SREDNIA PLACA (ZL)
7 - SREDNI WZROST PLAC (PROCENT)
8 - TECHNICZNE UZBROJENIE PRACY
9 —~ PRODUKTYWNOSC SRODKOW TRWALYCH
10 - MAJATKOCHLONNOSC
11 - WYDAJNOSC PRACY
12 - PRODUKCJA CZYSTA
13 -~ PRODUKCJA GLOBALNA NETTO
14 — PRODUKCJA CZYSTA NETTO

FRODUKT DLA SPOLECZENSTWA

Y
n
[
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1. Introduction

As already stated in [A] the main problem in long-term,norm-
ative MRI-models is the optimum allocation of resources generat-
ed by the economy. From that point of view the MRI can be re-
garded as a long-term planning model.The planning of allocation
of resources affects first of all the supplies of goods gener-
ated by the productive sectors. The demands depend on the GNP,
i.e., the outcome of planning of supplies, and prices, which are
a result of an equilibrium between supplies and demands.Besides
the supplies depend on the change of technological coefficients
(e.g. resulting from the change of prices) while demands depend
on the consumption structure, which again changes along with
prices. In other words, the development is a nonstationary pro-
cess in which the complex interactions between the process and
system coefficients (c“ji"Aji) take place. Since the statistic-
al data available are given in monetary form we can identify
these coefficients ex post only and indirectly (as shown Dby
formula A.2.4(54)), by taking into account the price indices
(which should be determined independently). In order to run the
model ex ante we introduce the concept of an adaptive model for
nonstationary development processes. According to that concept
at each planning interval the technological and consumption -
-structure coefficients are fixed but may change when a se-
quence of planning intervals is used. In other words, the model
of nonstationary development processes can be approximated by
a sequence of stationary models with the coefficients which are
constantly readjusted in such a way that the model is constant-
ly adapting to the changing reality.

Such an approach enables us to derive the allocation strat-
egies and price indices in en iterative form. We shall demon-
strate that approach by using the MR4 model, described in'[B].

2., Computation of Price Indices

As shown in [B], the sector outputs Yi, i=1eeeyn, n =15,
can be written in the simple form
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Y, (t) = K exp (p;t) P (zy) m

where Fi(zi) is the productive capital,which depends on the in~
vestments intensity zi(t); Ki,_pi = constant parameters ident-
jfied ex post from historical data.

The formula (1) can be used also ex ante to derive the pro-
duction forecasts within the given planning interval [O,T]. For
that purpose the optimum strategy z; = Ei, determined also in
Sec. B, should be set in (1).

The forecasts derived in that manner can be regarded as the
supply of output production in monetary units. Since the future
prices and technological coefficlients are generally unknown at
the planning stage (t = 0) the forecasts derived in that way do
not tell us much about the production volume. By the arguments
similar to these in 3Sec. A.2.3-3.2, we can show however that
the term Ki exp(pit)can be regarded as a proxy for the neutral
progress &and

n+2

d'i/qi 1/q‘i
Ty = (ot 33/P3) 9 Py (2)
=0 J J
n+2
qi=1- E ()(a-i>0, i=1,ooo,n
J=0

where: p; = aggregated sector prices (p0 = average wage);cxji =
technological coefficients; n+1, n+t+2 - correspond to the sector
inputs from two foreign merkets.

It should be observed that the production function (1) de~
pends explicitely on the single production factor z; only. How-
ever, the data regarding the rental prices of capital @;ﬁ)which
was used in Sec. A2.3-3.2 are not available. For that reason we
use a simplified expression (2) rather assuming that 14?1 and
the rest of development factors (i.e. z,, Y= 3,...,m) contrib-

ute to the output, i.e.
Tri(t) A
JTi(t - 1)

1.'D.']TI=;11, i=1.ooo,n (3)
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where generally‘pi = ﬁi + ﬁ;, and.ﬁi is the term responsible
for the factors different from Py J = 0y1yeee,yn+2.

Since »y have been identified ex post (in Sec. B) the prob-
lem consists in the identification o*’pl, i-= 1,...,n. For that
purpose the ex post data regarding price indices pl. i=01, 2,
eeey D+2, can be used. Using the data supplied by Central Stat-
istical Office (GUS), and corresponding technological coeffi-
cients (‘xji) the parameters ﬁi, i =1,¢eeyn, have been deriv-
ed. In Table 1 the derived p,, ﬁi' i = 1,...,15, parameters for
MR4-model are given.

Table 1. The values of p,, A, coefficients

Sector ~ Sector ~
No. Ry Py No. Ri Py
1 0.01798 | 0.0556 9 -.05166 .0098
2 «03334 | 0.01218 10 « 01430 07443
3 02092 « 14163 11 «0%613 19929
4 -.00398 10273 12 -.02279 «02298
5 03203 08303 13 05805 06245
6 00599 | -,00020 14 02864 05791
7 01799 07485 15 07840 21817
8 «00930 « 27304

The negative values of}xi observed in some sectors are main-
ly due to the decreasing price effects,which took place in Pol-
ish economy.

The model of price indices (for MR4) can be also written in

the form
n
ln v o In v p, + o, 1ln t
P 3 Py =94 Py oi ~0 Po +
J:
t
+ c'<n.-o-'1,1 1n p +1 n+2,i 1o Pns2 &
i = 1,...,11
where pg = average wage indexs p;*1, p;+2 = prices for imported
goods.

Using the terms of trade instead of p;+1, pt

nep O0€ gets (see
Sec. A.3.2) the equivalent formulae:
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n

t t
(1 = Apeq,1 = Xpe2,1) 2P - ; 4y 1o Py =
=

= t t
= Qfy + oy v P, ~Xne1,1 in Tn+1 1~ Xne2,i in Tn+2,i

iz=z1..e4n (5)
where Tn+j,i = eXport to import price ratio or the so called
"terms of trade", j =1, 2.

It should be observed that prlce in%ices pI, 1= 1500040,
d:rived by (5) for given p Tn+1 i Tn+2,i age positive. When
po, n*1 i T are constant the derived Py = const., i-=

1“.”n,tetT0]

The model described by (5) has been checked for accuracy in
historical runs in the time period 1967-1973. The accuracy
obtained for most of the sectors was arround 8%, which is rath-
er good, in view of the fact that we deal with highly aggregat-
ed price, and terms of trade indices.

The next problems concerns the situation in which the price

model (4),(5) is used ex ante. In that case the pg, T;+J i i=
= 1yeeeyny =1, 2, t =1,2y..0., should be regarded as ex—

ogeneous parameters.
Since the average price P, depends in MR4 on the sector em-
ployment X ;9 and output Y, (see Sec. B), i.e.

Pg = c>lo:i.Yi/Xoi

the p; depends mainly on the future employment rate, i. e. the
demographic factors.

The econometric forecasts for future terms of trade can bhe
also used. They are, however, not very reliable when 1long-~term
projections are needed.For that reason the method of investiga-
tion of different terms of trade-scenarios seems to be most
appropriate.

The technological coefficients o(.i, which are assumed to
be constant within the identification period, not necessary
should keep the same values within the projection interval., On
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the opposite, in order to get an accurate description of real
processes they should change according to the observed oLJi(t)
trends. Using the adaptive approach, described in Sec. A.2.4 ,
(eq. (50)), we can use the values

oyy = oty (0) exp (-adig y Jel = 0,1,...,042 (6)

where DL (0) = the known estimates of o, " at the initial mo-

ment of the planning interval [0 T] as the expected model para-
meters within [O,T]. Obviously, for different T or - when the

"moving planning technique" (with [K K+T] K=0,1,25000 se-

quences of intervals) is used - the c(a » described by (6) are

different and consequently the price indices derived by (4),(5)

change.

Ag far as the values of p; are concerned it is necessary to
observe that under the assumption of Pi'“ const., te;[o T], the
changes of Py in formula (1) can be attributed to the price
change, i.e. the change of ﬁi'

On the other hand, using (1) in forecasting runs the 2y
should be regarded as expected price rates. There is no way to
prove that the expectations regarding the future price rates
were correct unless we compare the supply of production (expres-
sed by (1)) with the demands for the outputs. To do that we can

use the formulae (32), (33) of Sec. A.2.3:
m

Y. (t) = E Apg Zy(8)s Zy(t) =4y Z(E) (7)
v:

which express the net sector productions ?i by the expenditures
Zy(t), i.e. - factors endowments.
Using the obvious relation

Y=[1-47"% 2 z1

and (7) one can express the demsnds D; for sectorial products
in the form:
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n m
D,(Y) = Y,(t) = Z'liv'[v Z(t) = Y(t-1)Z:11v'[v (8)
v= v=
is= 1,...,!1
where 1 coefficients can be easily derived when the techno-
logical coetfficients {dji },{,\ vi‘la:re known.
In MR4 a relatively simple deniand model has been used. There

are m = 4 spheres of allocation of G.N.P.: z1 = investments, Z2
< personal consumption, Z3 = aggregated (social)
Z4 = stock of reserves (inventories).

consumption,

It is assumed that x; depend on G.N.P. per capita in con-
stant prices, i.e.
fi= a,(T/eNYY, V= 1,008 (9)
where N = population (exogeneous variable), P = aggregated

price for the whole economy (supplied from the MRO model).

Table 2. Parameters of zg,= av(Y/pN)EV econometrical model

vy= 1 v= 2 v= 3 ve=4

a, 0.09414 1.53428 | 0,06752 | 0.00554

€y 0.35653% |-0.31229 | 0.07845 | 0.70753
max-i%)-&- % 3% 5% | 5%

Source: The C.S5.0. Statistical Yearbook 1975.
Data 1967-1974,

In Table 2 the av,f)) parameters estimated from the statist-
ical (GUS 1967-1973) data are given.

The technological coefficients (eLdi,Avi), which are needed
for computation of liv coefficients in (8), can be derived by
the prediction formulae (6). Then, given an optimum investment

strategy zi(t) = Eg(t), i=1ee.,n, te-[O,T]; the supplies
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n
Y,(29) = 8,(2]) and demands D (1%, 1° = ZIi(ag),i = 1yeeeyD,
i=1
can be derived. Since, generally speaking, the demands may not
coincide with supplies in Sec. A.2.3 an iterative approach for
determination of optimum planning strategy has been proposed.
According to that approach 2;, i=1...on, should be regarded
as the first step, in the sequence Egk), k = 0,1,...,0f appro-
ximations of optimum planning strategies, which should converge
to the strategy Zi, i=1,¢e.yn, yielding the equilibrium be-
tween demands and supplies. The sequence of iterations enables
us also to compute the corresponding UTI(Ef) = T ;(k), kK =
= 0y15¢¢05 terms by the formulae (39) of Sec. 4.2.3:

t
Dy (T5)

sk

T )
t
Si(zi)

T ik -1, k=1,2... (10)

t
where ‘Iri(o) )J-i’ i-= 1’~oo’no
At the second step one gets

D} [¥°]
TTI(’]) = i

exp )-ii’ i=1’.oo’n

Then, the supplies necessary to satisfy the equilibrium at
the second step, become

Y, (8) = K (1) exp [(ln T 50 + Y] P20, 1= 14e.0pm
(1)
where Ki(1) are the corrected estimates of Ki'

Now we can solve again the optimum allocation of investment
problem with the production functions (11). That yields the new
set of 25 = El, i= 1,...%n,1strategies,which determine in turn
the new set of supplies 5;(2Z3)y 1 = 1,...,0, etc. During that
process the value of G.N.P,. (Y°) may change to the new value
(Y1) so the demans Di(Y1), generally speaking, are different
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from Di(Yo), i=21, eee, Do

However, it can be shown that Di do not change much and as a
result one gets usually a fast convergence of the iterations
(10). As a consequence the iterations Egk), i=1400,n, k =0,
1,24...4 converge fast to the strategy Ei, which satisfies the

equilibrium condition Dy(Y) = S,(%;,), Y = lim Y*, %, =
iv%i K —p oo i

= lim il;, i:'\,...,n.
K =% oo

It should be observed that the values‘ﬁi=3TI= lim ITI(k),
k = oo
i=1,...yn, enable us to derive the equilibrium price indices
pY, 1= 1,...,n, te[0,T] by formulae (4), (5).

The iterative computations for the more general model, in
which Xb, Y= 1y.e0,m, and D;, i = 1,...,n,depend on sectorial
price indices Py in an explicit form, are more complicated. The
flow diagram, shown in Fig. 1 , illugstrates the sequence of com-
putations which can be used in that case.

Obviously, the quality of adaptive models under considera-
tion depends much on the accuracy of estimation and prediction
of technological coefficients. That problem will be discussed
in the next section,

3. Estimation of Technological Coefficients

In order to estimate the technological coefficients for the
purpose of construction of MR3 and MR4 models, the 15 x15 in-
put-output tables for Polish economy (GUS 1967-1973) have been
used.

The data representing the flows in(t), 1 205000417y =1,
eeey15, have been used twice. To derive the values of Q i aji
and then bji (by formula (47) of Sec. A.2.4) in the identifica-
tion interval (1967-1973) at the first stage. For that purpose
the standard least squares method has been used.Then - starting
with T, = 1970 and using the formula (48) of Sec. A.2.4 - the
estimates for <>Lji(1973) have been found. The values aji (in
formula (50) of Sec. A.2.4)used for prediction purposes were
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also derived. The results of these computations are given in
Tables 3%, 4, 5.

In Table 6 the estimates of AVi coefficients are given i).

At the second stage it was possible to compare the ex post
accuracy of prediction of the élji(t) with the data '~ di(t),
t = 1971, 1972, 1973. The accuracy was generally satisfactory ,
For example: let us consider technological coefficients 0111(t)
and cx12(t). The statistical data in the identification inter-
val (1971-1973) are as follows:

& 44(1971) = 0.189050 S, 5(1971) = 0.097624
$44(1972) = 0.162843 &,5(1972) = 0.092624
$14€1973) = 0.160493 &, (1973) = 0.083322

while the values of technological coefficients, obtained by a-
daptive model become:

&44(1971) = 0.11586 & 1(1971) = 0.098903
&44(1972) = 0.174933 S 15(1972) = 0.092568
&44(1973) = 0.167593 o 40(1973) = 0.086686

To compare the data ex post with the values received from a-
daptive model let us introduce:
a) relative error in one year
Adji(t) = [& ji(t) - &al(t)%‘{ Ji(t)°1oo%
and
b) relative mean square error

T
0
1
A ~ ~ 2
Agat 4y = = o 31(8) = o s3(1)
g™ 1 (TO - T1 + 1)°‘ji(T1) ;’[ Ji Ji ]

The following values have been obtained:

%) The A 41 = O for some of the sectors (i = 2,4,5,...) in-

dicate that the goods necessary for capital investment enter
the economy through the other sectors (e.g. trade and construc-
tion).
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Aoy 4(1971) = =3.9% By p(1971) = 1.3%

A0(11(1972) = 7.4% AQ(12(1972) = ~-0,06%

Atq4(1973) = 3.9% Aotqp(1973) = 4.0%
and

Agotqq = 0.028 Agxqp = 0.012

Than one can see that accuracy obtained is rather good. The .
values of the coefficients (by relations (47) and (50) of Sec.
A.2.4) are as follows:

5,4 = 0.0404 8,, = 0.0670
o 4 = 0.0910 g , = 0.1065
bqq = 0.5559 by, = 0.3707
844 = 0.0429 8,, = 0.0656

The predicted values which one obtains (by formula (50) of
Sec. A.2.4) for period (1974, 1984) become:

$£44(1974) = 0.160560 X 44(1975) = 0.153823
11(1976) = 0.147368 & 44(1977) = 0.141184
$44(1978) = 0.135260 & 14(1979) = 0.129584
$44(1980) = 0.124147 S 44(1981) = 0.118937
&44(1982) = 0.113946 & 44(1983) = 0.109165
c<11(1984) = 0.104584
and
S 45(1974) = 0.081178 & 15(1975) = 0.076020
& 45(1976) = 0.071189 & ,5(1977) = 0.066665
& 42(1978) = 0.062429 & 415(1979) = 0.058462
& 4(1980) = 0.054747 & 41(1981) = 0.051269
oL 42(1982) = 0.048011 L 45(1983) = 0.044960

& 4(1984) = 0.052103
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1. Introduction

The paper deals with foreign credits and international loans
in the development model MR4 of planned economy.

In that way an important, stimulating role of international
cooperation is taken into account. The credits are used for fi-
nancing new investments, for buying the best technology and li-
cences, know-how, etc. In the present paper it is assumed that
the volume of investments is limited.

The optimum development strategy consists in allocation of
investments which maximize the total G.N.P. Investment credits
are regarded as economicly effective if expected benefits en-
able to repay these credits with interest.

It is assumed that there exists a potential possibility to
borrow the necessary sum of money or to buy (by a credit) the
capital investments, technology, etc., on convenient terms.

That depends in turn on the rate of interest resulting from
the money demand and supply on the international monetary mar-~
ket.

It is assumed that an increment of the G.N.P., generated by
increased productivity due to the credits, enables to repay the
loans.

Credits should be repaid by export of investment goods or
by export of commodities produced in the factories created by
using the credits (selfrepaid).

When economic benefits are greater than expenditures, a part
of the G.N.P. generated by using credits enables to repay the
credits. It enables also an increase of consumption out of pro-
duction supplied by new factories.

It is also possible to derive the minimum amount of credits
necessary for the repayment.

2. Statement of the Problem

The MRI model under consideration consists of n sectors
which exchange the final products Yi(t), i=1....n.The sector
production functions are of the generalized Cobb-Douglas form:
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¢ Pi 9 2 43
i l
Yi(t) =/ Ki exp (-éi(t -71)) zy (t - TOi)dT inl(t)
2 oo J=1
(M

where for any i, i = 1,...,n,

1) K = constant

2) 6i = quantity of depreciation of capital in the i-th sec-
tor

3) zy = investment intensity in the i-th sector

4) f3; = siven constant, 0< /3, <1

5) TOi = construction delay in the i~th sector

6) in = intersectorial flow (from the j-th sector to the
i-th)

7) C‘ji = coefficient of elasticity

n
8) qi - 1 - E 1ujio
J=

The decentralized system of decisions, typical for planned
economies, has been adopted in the model structure. The i-th
sector decision centre meximizes the new profits

n
%9'-? yi(t) = ?ax {Yi(t) - E in(t)
Ji Ji J=1

As shown in Ref. [3] there exists optimum strategies

in(t) = 0(3'1 ° Yi(t) (2)
which maximize the net sector profits.
Then
51(*’) = Y_-',_(t) * (3
where

t
Yi(t) =“//. K; exp (-dii(t -T))x

-0 n Y, /q
* Z/151(”‘ = Tp1)dr |__] °‘jiji - *
=1
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The G.N.P. generated in the planning interval [O,T] can be
written as:
T

Y =/ y(t) dt )
0

when y(t) = E yi(t) wi(t), where wi(t) = nonnegative discount
i=1
function .
wi(t) = (1+ ¢ i)_ y 0<E,<1

Let us assume that the investments are limited by constant
quantity Z, i.e.

n T
E / z;(t) at £ Z
i=17 70

Let us consider the problem of optimum distribution of in-
vestments between n sectors, in such a way that the generated
G.N.P. in the time period [O,T] attains its maximum,

Taking into account (3)-(5) one obtains

/qul—__y %i IRSRALL

t
x ,//” exp (- 5i(t -T1)) z{ﬁ(f - TOi)dT dt =

/ () exp (- (t =t~ Ty,)
'r+TOi
A
Ji
X » <51 q wi(t) dt drt

where
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T n O
Yo —/ ;:/ By oxp (=9 (t = 7)) (v - Top)avx
0 =1 %00

n
!’_’ 31/

x °4,]:'i]. Q3 wi(t) dt
=1

YO is the part of G.N.P. generated by the factories which
started to produce before the planning interval [O,T].

Let fi(t) be the following function:
T
£,(t) = / K, exp (- di(v =t - Toi) *

ﬁt+ oi
n ~<.:/q
x ‘ Jif %
o443 q; Wi(”t’ ) ar

Then the problem of maximalization of G.N.P. in the planning
interval [O,T] s with limited investments, is equivalent to

E /zi(r)f(T)dT (6)
ZGS?

where

n_ T
=1 z5(t): E / zy(t) at { Z, zi(t)}o,
i=1° 0

te[o,7], 2 - const.}

3. Solution

The optimum strategy which maximizes (6) becomes (see Appen-
dix)
1/ (="
zi(’r)z —_— y 1=1.00,n
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where A is the solution of the equation

1/(f3-1

n T
/——-A-—— dv - %2 =0
=1'/0 \fy £3(T)

The optimum global investment in time t can be written as
n

’E(T) = ? Ei('t).
=1

Let Y - G.N.P. generated in the time interval [O,T]using the
optimum strategy.
The global investment determined by domestic resources, can

n
be written as 21(T ) =4 (1) E y;(1 - 1) for v & (0,T),where
i=1

f('r) = an exogeneous function describing relation between the
consumption rate and the investments rate.

The realization of investment strategy z requires usually a
high concentration of investment intensity at the beginning of
the time interval [0,T]. '

On the other hand the following condition should take place:

(3tDe [0,7] (V) (tt") Z(t)) 2(%)

Let us consider the time interval [O,t'}.

The economic system under consideration is able to provide
for investments 21(t) only, so the realization of the optimunm
strategy z(t) is possible in two alternative ways:

1) by the reduction of consumption rate,

2) by covering the difference z - 21 for any t<.t' with cred-
its and international loans.

The first way can not be accepted, because the consument s
demand has to be satisfied.

So the only way to solve our problem is the second one.

Let



-2504-

t—
rii(t) = /-Ki exp (- éi(t =T=1) ’zfi(T )aT x

0
n
x 51 i
3=

Let Z(t) = Zzi(t), where Z(t) = { (t) F;(t-1), be the
i=1
strategy, which uses two kind of resources: domestic and cred-
its.
Let T, € (0,T) be the solution of the equation 2Z(T,) = E(T1).
Then the net credit value C which is necessary for optimum de-
velopment within [O,T can be written as:

/(z(t) - Z(t))dt

The potential possibility of credit repayment can be written

as T
0s =/ (Z(t) - z(t))at

T

Assume that the repayment function can be described using
the formula:

T-t

S(T - t) = k(t) (1+€) for t€[0,T,]

where: k(t) = quantity of credit in the moment t, k(t) = zZ(t) +
- Z(t); € = rate of interest.
The G.N.P. generated in time interval [O,T] using the strat-
egy z, after credits repayment can be described as:
T

t,=Y- / (T - vat
0
It is easy to show that if Y is the G.N.P. generated in time

interval [O,T] using the strategy z then ? > Y.
It means that there exists a guantity Y1 such that Y-Y1 = Y.
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T

It Y12//}”S(T - t)dt a surplus of G.N.,P. can be achieved. It
0

is done by an optimum credits distribution and a suitable rate
of interest.

Otherwise repayment of credits is greater than the part of
G.N.P. generated by using credits. In that case the use of cred-
its is without purpose.

4, Discussion of Result

The solution of the foreign credit problem (see Sec. 3) was
programmed on CDC CYBER 72 for time interval 1970-1980.

The algorithm was based on the formulae presented in Sec. 3
while data used are the same as in the Sec. [B]5.1 and the giv-
en interest rate.

It was assumed that the total investment for the period 1970
-1980 and integral constraint (credits available) 1is equal to
corresponding investment value for the amplitude constraint
(without foreign credits).

This assumption guarantees that all the investment are util-
ized.

The G.N.P. generated within the time interval under conside-
ration enables the credit repayment. Besides, a wide margin of
resources is created at the end of 1970-1980 interval. It en-
ables an increase of consumption if necesssry or - to start
the new investments at the end of planning interval.

The results derived are given in Table 1.

As shown in Sec. 3 the G.N.P. generated using the strategy
Z; (with credits) can be described as

t n
(4 i/
3(t) =/ Ky exp (-9 (6 =)y BAr - mpar | G g

- o0 =1

and the G.N.P. generated using the strategy Ei(without credits)
can be written as:
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n
) BZ’ / :
T(t) =/ K; exp (-éi(t-r))zfi(»r =Ty )47 ’o(jgi 4 a4y
Lo 321

Table 1

Year G.N.P.
(millions zl) with credits
without credits

6

1971 | 90416 x 10 90416 x 10
1972 | .99668 x 10° | .10456 x 107
1973 | .10979 x 107 | .12029 = 10’
1974 | 12048 x 107 | .13126 x 107

1975 | 13262 * 107 | .14307 x 107
1976 | 14647 x 107 | 16053 x 107
1977 | 16147 x 107 | .17846 x 107
1978 | 17837 x 107 | .19976 x 10’
1979 | .19582 x 107 | .22353 x 107
1980 | .21240 x 107 | .24992 x 107

The evaluated time interval for which the credit is lent be-
comes equal 3 years.

Table 2

Year Value of credit Repayment
(millions zl1) (millions zl)

1971 | 56679 x 107
1972 | .82820 x 107
1979 - 14771 X 10
1980 - .10867 x10°

6

The credits finance that part of investments (under integral
constraint) which the system is unable to cover out of the do-
mestic resources.

The value of credits taken repaid is given in Table 2.

The quantity of repayment is evaluated with respect to the
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interest rate 7.5%.

It can be observed that concentration of investments at the
initial part of [O,T} guaranteed a high rate of production
growth. It gives also a high rate of the G.N.P. growth.

Table 3
Year Rate of G.N.P., growth
without credits | with credits
(%) (%)
1971 7.28 7.28
1972 10.23 15.64
1973 10.15 15.04
1974 9.74 9.11
1975 10.08 9.03
1976 10.44 12.20
1977 10.24 1.16
1978 10.47 11.93
1979 9.79 11.9
1980 8.47 11.8

The consumption for the optimum strategy of investments with
credits exceeds the consumption without credits (Table 4).

Table 4

Year | Consumption (millioms zl)

without credits | with credits

1971 |  .e7862x10° | .69217 x 10°
1972 | 74806 x 10° | .79531 x 10°
1973 | .82731 x10° | .90519 x 10°
1974 +92278 x10° +97595 x 108
1975 | .10387 x107 | .10491 x 107

1976 |  .10580 x10° | .11596 x 107
1977 | 11524 <107 | 12937 x 107
1978 | 12525 x 107 | 14027 x 107
1979 | .13505 x10° | 15417 x 107
1980 |  .14369 x 10’ | .16907 x 107

Therefore, we see that credits should be used for <financing
investments.
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Appendix

Let E be the Hilbert space and let <jO » T be functionals, LF :
E—R, f: E =~ R.

Definition 1.We say that point Xo€ E 1is the regular point of
functionals <.P if L}’ (xo)=0 and there exists a continuous linear
operator A, A:E — R, Ag = q"(xo)g and A maps E onto R.

Definition 2.We say that point xoe E is the conditional max-
imum (minimum) point of the functional £(x) with respect to
t.F(xo) = 0 iff for any point x, belonging to a neighbourhood of
the point xo,a.nd satisfying condition g? (x) = 0, the condition
f(xo) ) £(x) (f(xo)gf(x)) holds.

As shown in Ref. [2] the following theorem holds:

Theorem 1. Let Xq be a conditional maximum point of function-
al f(x) with respect to Ly(x) = 0 and let x4 be a regular point
of the variety k)[)(x) = O, than there exists a linear functional
k, k: R — R, such that for functional P(x) = f(x) - k(_{)(x) the
condition F'(xo) = O holds, i.e. dF(xy,h) = O for any h, h e E.
Let 2(t) = (2,(t),...»2,(t)) for te [0,T] be a vector valued
function, which is continuous and differentiable,i.e. z6C,[0,T].

Let F be the functional, F: C,[0,7] — R,

n T
P(z) = E z{;i(t) £,(t) at (A1)
i= 0

where:

I. (V1) 0 3;<1

T
I (Vi) £,(t) = /%(rr)wi(r) exp (=& )(T ~t=Ty;)dT
Wl

for te {0,T-Ty,>
0 for te(T—TOi,T)
where:
IT.1 (Vi) g5(t ), w(r)EC
IT.2 (V1) TOi’di = constants.
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Let qu C;[O,T] —+ R be the following functional

n T

F,(2) = E /zi(t) at - 2 (4.2)
1= 0]

where Z = constant.

We are looking for the extremum point of the functional F(z)
with respect to the condition Fq(z) = 2.

Let zq be the extremum point, z,€ Cn[b,T]. Then if z, is a
regular point of the variety Fq(z) = 0 and 2, is a maximum
point of functional ¥(z) then (by virtue of the Theorem 1)
there exists & linear functional k(F1), k: R =~ R, such that
for the functional G(z), G(2z) = F(z) - k F1(z) for condition
dG(zyeh) = O holds.for any h, he C_[0,T].

Lemma 1. Point 2, is a regular point of t%e variety F1(Z)=0.

Proof. Let us define a functional A, A: cn[o,T] —~ R, in the
following way:

Lg = F(z) &) 8€C,[0,T]

We shall show that A maps Cn[O,T] onto R.

In fact, let p be an arbitrary element of R. We shall prove
that there eg%sts an element EEECJ[O,T] such that Ag = p.

Hence z, "= (z01”"’ZOn)

- . - 4 -
Ag = F1(zo)g T F1(zO + tg)

t=0
a n T
= = /(in(r) + tEi(T))d'tJ =
at ;‘l (0] t=0
n T
= Z/ Ei(‘t Jdrt
1=1 0]
P

Let 8 = (Oye.. T ...,10).

It is obvious that Eeicn[O,T] and Ag = p. Therefore, zy is a
reguler point of the variety F1(z) = 0. Q.E.D.

Taking into account Theorem 1 and Lemma 2 one can see that a
linear functional k, k: R — R exists, such that for the func-

tional G(z) = F(z) - kF1(z) the following condition dG(zo,h) =
= 0 hOldB L]
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Let us remember that k: R —» R. As an obvious consequence we
obtain that there exists a constant A, A€R, such that kF
= A Fqe

Therefore G(z) = F(z) = A F (z)

Let us calculate dG(z,h) for he ¢ a[os1]s

4G(z,h) = l;/ (zy(T) + t hi(r))/31 £,(1) AT +

- th at - Z =
(AZ /(zicfr) + t 1y (1)) )] te0
Z: /3 i(‘t’) i('c') hi('t’)d’t -A Z/ i(’f)d't’ =

n T

=1
= E /hi(f)(ﬁi z;7 (1) £5(r) - A)dr
=170

1 =

Hence, at the extremal point the condition dG(z,h) = O holds
for any he C [o,T].

From/3i i (T) fi(T) - A=0fori=1...,n One gets
A \VPD

for i = 1500040 (As3)
Py £1(0

Ei(r) =

Taking into account the condition F,](z) = 0 we obtain the
following equation (with the unknown A ):

n T

/(3,1
E /——-2’——— P4 )d'c-Z=O (A.4)
=17 \Pi 1:i(0

This equation is equivalent to:

1/(B=1) | T ; 1/(Py=1)
A E /———- At - Z =0
=170 \P1 T1 (V)
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Denote

/(3,1 2~ T 1 Y/
2(A) = A et ? / o P at -
/0 \B1 1

and calculate £ (A) and £°°(Q)
B, o1 V(-] -1 5 1 1/¢3,-1)

£ () =5 ‘ A[ 1] /___f__ 171
=1 -1 o |31 £5(D

Hence (V1)3; - 10 so £’ <o.

n 1/(B,-1) =2 1 -1
2770 = E : 1 (____ 1y (/31 ) /‘ /§/31 ) at
= Pi'1 Py Y i(T)

It is possible to verify that £ °(2) > O.
The equation f£(A) = O is solved by the Newton method (Secant
method):
Let us define a sequence [ A n‘} by induction:
1) AO is an arbitrary element of R, such that £(A ) >0,
£A
2) Apq=2Ap- ’( 2 y B =0,1,000 &
£7(A,)
Condition f(AO) O implies that sequence [A n} is converging
to the solution of the equation (4) (see Ref. [1]).
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1. Introduction

The National Income (N.I.), denoted here by Z(t), generated
in the Production Subsystem (see Part B) in the year t, is sub-
divided into Accumulation and Consumption,and afterwards - into
different, hierarchically ordered, categories (see Part A Figs.
8 and 12). The share of particular components Zy(t),vV = 1,...m,
(i.e. productive investments, personal consumption, aggregate
consumption) in the N.I. distributed can be expressed by means
of the allocation coefficients:

To(8) = Z2,(8)/2(%)y v=1,...,m m

The exemplary data on the distribution of N.I. in Poland are
presented in Tables 1 and 2.
Assuming that the distribution takes place as & result of
the maximization of the national utility function (see Part A.
Introduction) in the form

B

]fvm

U(z) =T [2,(%)
\):1

m — -—
E ‘{v(t) =1, xv(t); Oy V=1y0ee,m (2)
v=1

subject to the constraints
m
Zy(t) { Z(%)
V=1
one obtains that

1,08 = 4y(8), V= T,...,m (%)

According to relation (3), the ‘ex post’ data for the alloca-
tion of N.I. can be used for the construction of the utility
function (2) (with the accuracy to the multiplier U). That func-
tion can be used ‘ex ante to derive the future strategies for
resources allocation,
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Table 3
7 Productive Consumption (t)
investments (t)
National income (t) | National income (t)
Parameters
C=c¢c ¢ = 0.179 (T=56.1) c = 0.764 (T=27.8)
A(t) = a-t a = 0.007365 (T=b.5) = -0.028 (T=7.9)
B(t) = bet b=20 b = 0.195 (T=3.4)
Statistical
Analysis

F 72.9 98.7

R 0.955 0.977
max | § (£)-J(t)| 0,005 0.006

ol 0.95 0.95

N 9 14

K 1 3

Tyg 2.447 2,228

FKR 5.14 3.71
Data: 1960-19733 T - Student’s test; F - Fisher’'s test; R
- correlation coefficienty o — confidence level

In the research on MRI models the allocation coefficients(1)
were approximated by the relation

Z(t - 1)JA(t) B(t)

Tt =¢ [2¢] )

L(t)

where: L(t) = population number in the year tj py = p(t)/p(0) =
price change indexjy C, A(t), B(t) = coefficients estimated by
the linear regression method.

The model runs for (4) have shown a great compatibility with
real data (1). The parameters of function (4) approximating the
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data (1) for productive investments and consumption D are giv-
en in Table 3, as an example. IModels of coefficients of the N.
I. distribution are used in the model MRI, especially in devel-
opment forecasts programs (see Part B).

2. Modelling of the Personal Consumption Subsystem

The Personal Consumption Subsystem plays an important part
in mutual relations between the Production Subsystem and the Ag-
gregate Consumption Subsystem. A part of material goods and non-
material services is consumed by the population, while the two
spheres of activity are provided with labour. koreover,the sub-
system influences market phenomena. Data on the employment
structure: historical and forecasts are given in Tables 4-8 2).

Table 4. Total employment in national economy (in thousands)

Year Total Material Nonmaterial
employment | production sphere | production sphere
1967 14402 13072 1330
1968 14730 13347 1383
1969 15036 15555 1481
1970 15175 13631 1544
1971 15482 13946 1536
192 15947 13965 1982
1973 16399 14331 2068

Source: Total employment-The CSO Statistical Yearbook,
1974(Date do not comprise employees in budgetary units
of the National Defence Ministry and the Ministry of
Internal Affaire).Total employment in material produc-]
tion sphere-Tables of inter-sector flows.Total employ-
ment in nonmaterial production sphere-computed by the
author.

Data on the age structure and education level of the popula-
tion are given in Part C.III.

D Numerical research on the distribution of N.I. was car-
ried out by Henna BURY and Maria SOSZYINSKA.

2) The tables were prepared by Agnieszka GORECKA.
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Table 5. Forecast of population in working age (in

Year Men Women Total
aged 18-64 |aged 18-59

1970 9294.5 9029.2 (18323.7
1971 9463.1 9173.3 18635 .4
1972 9630.4 9309.8 |18940.2
1973 9815.2 9466.2 19285.4
1974 9988.2 9614.9 19603.1

1975 10156.6 9801.8 | 19958.4
1976 10330.7 9995.3% 20526.0
1977 10479.9 10175.4 | 20655.3
1978 10620.1 10339.6 | 20959.7
1979 10738.9 10438.1 21177.0
1900 10867 .5 10505.3 | 21372.8
1981 11011.0 10579.2 | 21590.2
1982 11150.3 10614.8 | 21765.1

1983 11276.3 106%6.2 21912.5
1984 11366.3 10652.7 <2019.0
1985 11430.0 10649.8 | 22079.8
Source: The C.S.0. Demographical Year-~

book 19/4.

thousands)
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2.1. An Aggregated Version of the Subsystem

The personal consumption subsystem in the form of single sec-
tor (S,;) has been assumed.In order to standardize the method of
approach, it 1s assumed according to 2 and 5 , that the sec-
tor SO can be described by production function (in the same way
as in the case of material production sectors) in the form (see
Part 2 Section 2)

n
Yot = (B8] ] 000 T [xgoey] (5)

J=1

where: CKUO’CijO = positive coefficients given, Jj = 1,2,...,n3
n = number of production subsystem sectors;

n
qo=1‘5°‘;jo+°<uo>° (6)
3=1

on(t) = flow of material goods from the j-th production sector
to sector S, s J = Tyeee,ny YUO(t) = flow of nonmaterial
goods from aggregate consumption system U to sector SO; Yo(t) =
net incomes of the population in the year t (total value of em-
ployment in monetary units); Y (t) = Y p(t) + YOU(t) + Top(t)s

YOP = labour incomes in production subsystemj YOU(t) = labour
incomes in aggregate consumption subsystem; YOR(t) = other
sources of income (social benefits)j Fo(t) = positive function

concerning the effects of an "investment" type consumption (fix~
ed assets, influence of education, health care, etc.).

The connection of sector Sq with the production and aggre-
gate consumption subsystem is shown in Fig. 1, where the "in-
vestment" influence of a part of consumed goods is marked with
a dotted line; Yoj(t) represent the labour incomes in  partic-
ular production sectors, j = 1y...,0.

At the present stage of research on MRI models the following
form of the function Fo(t) is used:

3) All the flows are expressed in monetary units.
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E

t
Fo(t) = /ko<t»- T) Ypg (T) 4T (7)

-0o0

n

where YPO(t) = E on(t), O<f/3o< 1, and function k,(+) in (7)
J:
is assumed in the form:

Ko exp (=Gy(t=Tog)) for t) Too

kA (t) =
0 0 for t{ Ty

(8)

The assumption (8) means that the effect caused by the im-

pulse Ygg in the moment v 4 appears in the moment T + TOO (TOO
= delay), and it is decreasing in time to the extent described
by a constant depreciation dk))O.The intensity of this process
is described by the constant K,) O. The function (8) is an ap-
proximation of a typical real process (Fig. 2) including aging
(wear and tear) of fixed assets, acquired skills, etc.

In the further part of the paper, with regard to numerical
computations, the relation (7) will be written in a discrete
form, i.e. by virtue of (8) as

t
Fo(t) J Ko exp (ot =T )) Yoo(t = Too) (9

It is possible to observe that relation (9) does not contain
now the nonmaterial goods. It will be taken into account in the
future research on MRI models.

Treating the sector SO as a productive sector,we assume also
that it maximizes the value added (i.e. the savings):

n

Do(t) = T(t) - Zon(t) + Yyo(®) (10)

ry

J=1

where on(t)> 0, YUO(t)> O are the decision variables,and Yo(t)
given by equations (5) and (9).
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As it was shown in [1] the following equations satisfy the
optimal strategies (see Part A):

on(t) = OLJO Yo(t)» J="10yn

(1)
Tyo(®) = Xy Yo(t)
R B &in/an
Tyt = Fo(t) | [o5d° %0 ngo/qo (12)
§=1
Do(t) = ay To(t) (13)

where q; is given by the relation (6), and Fo(t) by the rela-
tion (9).

2.1.1. Identification of the sector Soﬁproduction function

As a basis for identification of parameters of the sector SO
production function we use the relations (11)-(13), i.e. we as-
sume that the past decisions were optimal,and use the statistic-
al data on Y,(t), ?{30(2;’ Yo(t) for te [tp,tk]; t, = initial
year, t, = final year <.

Blasticity coefficients cijo,cho can be derived from rela-
tion (11) as the average value 5)

tk ~

1 Y. (t
T50(®) y §=1y...,m

07 Z -
tk tp + 1 t=tp Yo(t)
- (14)
1 Y. (t)
- U0
*uo T Ty +1X/§(t)
k P = o 0

® In the Subsection 2.1.1 the values from statistical data
are marked by a tilde, in contradistinction to the values computed
on a model (without a tilde).

) In the research carried on MRI models the elasticity co-
efficients o 51ty Were also assumed as variable in time and
changes of their trends were forecasted.
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On the basis of relation (6) we have
n

Q=1 - (Z?‘J'O + olyp) (15)
=1

Replacing (9) to (12) end dividing the obtained expression
into two components we get

Yo(t) = Yo(tp + TOO - 1) exp (- O(t-tp-Too+1)) +

t
+ a0 E . Ky exp (=Sp(t=1)) Ygg("t - Ty (16)
=t _+ 00

where

n
ol s~/ ol
o = | \ o(jgo o ngO/qO (17)
d=

The K, coefficient isidentifieq by the least squares method,
i.e. from the condition

Yy

ml'{g Z[?Eo(t) - aro(t)]2 (18)

t=t
p

where Yo(t) given by the relations (16) and (17).
Equalizing the derivative of (18) to zero we obtain (with as-
sumed parameters Tg ), 60,/30)

Zﬁ,(t) - %(t)]u;g(t)

K, = (19)
0 t

210 i"&g(tﬂ 2

t:tp

where
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g (%) = ?’o(tp + Tog = 1) exp(-do(t -ty = Tog + 1)
(20)
t
Yoty = exp (~dp(t - 7)) THY(T - o)
’f:tp+Too

and q,q4 is given in formula (17).

Numerical computations were based on data from Central Stat-
istical Office in Poland. The statistical data covered the 4-
—-year period (tp = 1970, t, = 1973). The division of material
production sphere into n = 15 sectors was used. Computations
were made according to the formulae (14)~(17), (19), (20). We
used (19) many times to derive the Ko coefficient, taking vari-
ous sets of parameter values TOO"5O’/3O' The variant with the
least square error (18) was selected. The results are presented
in Table 9.

Table 9. Parameters of the sector So production function
n = 15, identification interval 1970-1973

10 <20 30 40 g g0 =0
0.021428| 0.000144 | 0.037215 |0.019157 | 0.004652 |0.019559 | 0.098042

“go | %90 | 100 | 130 | 4230 | %4330 | Sasg0
0.255829| 0.003568 | 0. 002626 |0.106877 |0.001265 |0, 027362 0. 107914

550 | uo 95 Too So o o
0.006409 | 0.156362 [0.131789 1 0.1 0.95 |9.6176x105

Based on the identified model parameters,model values on(t)
YUo(t), Yo(t) (formulae (11), (16) and £17) were computed and
compared with statistical data on(ﬁl, YUO(t), Yo(t) for t =
= 1970,...,1973. The runs Yo(t) and Yo(t) are presented in Fig.
3,to illustrate how the model is fitting to the reality.
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2.1.2. Sector Development Forecast

Since the delay T,, appears in (16), the relations (9)-(11)
and (16) allow to compute in an iterative way - from year to
year — the future values on(t), YUO(t), Yo(t), i,e, for t )tk.
On this basis a forecast is derived up to the year 1980, the
results are presented in Table 10. Computations were performed
on CYBER 72 computer (computing algorithm for +the development
forecast in economy is given in Part B).

6) The values YPO(t) were obtained recurrently as

15
Tpo(t) = Yo(t) E S
3=1



Table 10
SECTOR S PERSONAL, CONSUMPTION
DATA
60 = ,1000 Kg =
YEAR Yo
1970 J42213E+06
MODEL, RESULTS
YEAR POPULATION INCOME Yro
1971 +64914E+06 J46209E+06
1972 +71004E+06 +50544E+06
1973 .77605E+06 «55243E4+06
1974 +84755E+06 .60332E+06
1975 +92493E+06 +65841E+06
1976 « 10086E+07 . 71800E+06
1977 +10991E+07 .78240E+06
1978 «11968E+07 «85196E+06
1979 «13023E+07 «92703E+06
1980 «14160E+07 « 10080E+07
FLOWS FROM
SECTOR YEAR
1971 1972
1 +13910E+05 «15215E+05
2 <93476E+02 +10225E+03
3 «24158E+05 « 26424E+05
4 «12436E+05 «13602E+05
5 « 30198E+04 «32031E+04
6 «12437E+05 «12604E+05
n .63643E+05 .69613E+05
8 .16607E+06 +18165E+06
9 «23161E+04 «25334E+04
10 «18358E+04 + 20080E+04
11 .69378E+05 .75887E+05
12 .82116E+03 .89820E+03
13 «17762E+05 «19428E+05
14 . 70051E+05 .76623E+05
15 +41603E+04 <45506E+04
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«9618E+06 /30 = 9500 Too = 1

FORECAST 1971-1980

SECTORS

1973
.16629E+05
«11175E+03
.28881E+05
. 14867E+05
. 36102E+04
. 14868E+05
.76085E+05
.19854E+06
. 27689E+04
«21947E+04
.82042E+05
.98170E+03
«21234E+05
.83746E+05
«49737E+04

1974
«18161E+05
«12205E+03
« 31541E+05
«16236E+05
« 39428E+04
«16238E+05
«83095E+05
.21683E+06
« 30240E+04
« 23969E+04
«90583E+05
«10721E+04
«23191E+05
« 91462E+05
+S4319E+04
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2.2. A Disaggregated Model

Notation:
Vector s:
G(t) = {Gi(t)}g = demand for material and nonmaterial goods
p(t) = ipi(t)}§ = price of consumer goods
w(t) = {wi(t)}¥ = wages and social money benefits
2(t) = {zi(t)}§ = consumption realized (purchases)
go(t) = {XOi(t)}¥ E employment

_ 1 _ . -

gPo(t) = {XPOi(t)}1 = material goods for individual consump-
tion

nonmaterial services for individual con-

Xyo(t) = {X‘UOi(t)}llg,l

X(t) = Xpo(t) + Xyo(t)
Scalars:

sumption

k(t) = new credits and loans

s(t) = new savings

K(t) = population debts (credits and loans)

S(t) = savings account (banks, savings-and-loan cooperatives)

Yo(t) = net personal income of the population

Y,(t) = income at the disposal

t = time

N number of consumer goods taken into account

M number of categories of wages and benefits taken into ac-
count

Mathematical relations:
The relations among variables in the model are the following

go(t) g_(Lo(t), (A = {o{i}%) = vector of employment factors)
Yo(t) < (2, zo(t)> + k(t)
To(t) = To(t) - SE(t) ( d - rate of credit repayment)
t
E(t) = K(O) exp (-~ dt) +J/p exp (~d(t-71)) k(v)ar
0
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T(%) Pyy olpi [ k(1) S(t) 7
6 (1) = C g 0 ]xYl[pi(t Pl IxKl [
8 Lo(t) o(t) o(t)

i=11y00e,N
2(t) = min [G(t) L,(1)s Xpo(t) + Xyo(t)] (21)
s(t) = Tu(t) = < z(¥)s p(t) D
t
S(t) = S(0) exp (E t)-ﬂ//'exp (€ (t=-1)) s(v) dt
0 (£ = interest rate in savings)

where: vector parameters ol , ot ¥? R pr X g _C_Ig are derived ‘ex
post’ from statistical data. Decision variables in the model
are: wages w(t), prices p(t), credits k(t) ) and S and € .

A relation defining the demand for credit can be included ad-
ditionally to the formula (21) as

o = G [Yo(t>]ﬁY K(t>}/xK [ X(t) = 2(¥)s B(%) lpzépi (22
Hug! [Lom' Lo(t)

where CK’/3Y’/3K’/32’/32 are the factors derived ‘ex post}from
statistical data.
Purpose of the model

The model (21), (22) apart from its main purpose = the indiv-
idual consumption subsystem in models MRI - can be also used in-
dependently, in, e.g.

- simulation research of prices and wages influence on the
demand,

- simulation analysis of credits and savings politics,

~ deriving prices (wages) with the assumed wages (prices)

7 In [10] the demand model is tsken as a Stone’ s stochastic
model.

&) In the future, prices and wages will be derived for the
price and employment model. Credits K(t) will be linked with
savings S(t).
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and X(t) would assure the min I G(t) Ly(t) - z(t)",
- research on personal consumption share in national income.
A more detailed description of the model and results obtain-
ed are included in Part CI.

3. Modelling of the Aggregate Consumption Subsystem

An agzregate consumption subsystem (of the subsystem U) cov-
ers the sphere of nonmaterial sersvices production and general
consumption.

Simiiariy as in the sphere of material production we use a
sector model of the subsystem U. In the present version of the
model the subsystem U is derived into 4 sectors: education, re-
search and development, health (including also social welfare
and recreation services), and the "rest" sector. In the future
new gectors will be separated from the rest sector.A diagram of

A Y,
r-———————"—"—"—"-—"—"—"—"—""—————— —————
| Aggregate consumption subsystem U
|
l Yur 12 s 1Yo
I
: Sector | Sector? ; Sector 3 ; Sector4 ;
| |Education YT | Research |’ | Health v The |47
| and service ‘rest!

, develop.

| | W ) )

| Yeut Youz Yous =

; Your Youz Yous Youq

l

I S I S
T You ] You + Iy

Figure 4.
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the subsystem is shown in Fig. 4, where YPU - flow of material
goods from a production subsystem, YOU - employment, TU - in-
vestment outlays, YU - activity ("production") of the subsys-
tem U.

3.1, Optimization of the Qutlays Distribution

Since the statistical data published by C.S.0. do not con-
tain the data on flows between the spheres of material produc -
tion and nonmaterial services production, as well as the data
on inter-sector flows in the subsystem U, we were compelled to
apply slightly different methodology for construction of the
subsystem U of our model.

Assuming that the influence of the aggregate consumption on
the production sectors is similar to the productive investments
in these sectors (inertia, delay), the sector production func-
tions can be modified and taken in the form (see Pt. A Sec. 2.2)

t=-T. N
Y = e (1) ) K exp (-éict-r-wi»ﬂ 2%y (23)
T= =00 v =0

N
E Pvi =/5< 1’ /3])1}0 fOI‘ V=O’QQQ’N’ i=1,ooo’n
v=

where Zoi(f) = productive investments; Z i(’c’) = outlays for the
v-th aggregate consumption sector,allocated for the activities
in favour of the i-th production sector;.pi, Ki’ ai’/3vi’ Ti =
parameters derived from statistical dataj n = number of sectors
in the production subsystemy N = number of aggregate consump-
tion sectors,

For the decision-makers an important problem is to find the
optimal distribution of the limited assets ZU(t),which are used
for aggregate consumption in particular consumption sectors.

The above problem can be formulated as the maximization prob-
lem of the income

T
ED PP OPIRAO (24)



~287-~

where: g(t) = (1-rg)'¢; © = given discount rate; T = given
planning period (e.g. S5-year); with constraints

N n
Y "z 0 By 20 =) 2,0 (25)
v=1 i=1

We can show that the optimal solution of the problem (24),
(25) can be written in an explicit form:

n
Bty (9
-~ 1=
= t), = TyeeeyNy 1 =1,y00.,
Z(t) YT (), v i n
L.(t -
ARG n/s"l 1(®) Z,(t) (26)
z :pvjf;)(t)
=1
)
where f(t) = f.(t) and
i=1 .

T
£,(t) = E K; exp (-J;(T-t-T;)) &(r)x
T=t+Ti N -—l1

PP
v=1

The problem of deriving the outlays ZU for an aggregate con-
sumption is connected with the problem of national income divi-
sion. It has been already discussed irn Section 1.

In the present versions of model MRI it is assumed that for
each productive sector Si "the factor coordination principle"
holds (see Part A eq. 24 of Sec. 1.2). Then, according to (26)
of Section 1.2 Part A, eq. (23) can be presented as:

t
T,(t) = K; exp (p; t) / exp (-d;(t-1-1,)) Zi(7) (28)
T= =o0

The influence of Zvi’ V=1...,N, on the production of sec-
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tor 8;, 1 = 1,...,n, is considered in parameters ii’-ﬁi and/3i
estimated on the basis of statistical data.

The production functions in the form of (28) were the basis
for numerical computations of models MRI (see Part B).

3.2. The Sector Models

The disaggregated models of particular sectors of the subsys-
tem U should cooperate in the future versions of the model with
an aggregate consumption subsystem.The aim of the education sec-
tor model is to adjust the supply of trained labouar in the ed-
ucation system, to the demand for a labour force (according to
the skills) resulting from the model MRI. A model of the func-
tioning of education system in Poland is presented in Pt.C.III.
Methodological foundation of modelling of the research and de-
velopment are included in [7] while mutual relations between
these sectors and economy are presented in [6].

In [8] the model for the number of research workers of dif-
ferent qualifications in Poland Has been investigated.

The goal of modelling of the health service system in Poland
is to define the relations between government expenditures on
health protection (maintenance and investment expenditures) and
the effects of health service. A detailed description of the
model is given in Part C.II.
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1. Introduction

In the social and economic development models the personal
consumption sphere plays an important part in connecting the
flow of material goods and nonmaterial services with the labour
supply.

In the MR4 model the personal consumption subsystem receives
a part of goods and services produced by the production and ag-
gregate consumption subsystems, and provides these subsystems
with labour.

The personal consumption subsystem is regarded as the single
sector S connected with the production subsystem by the goods
flow and with the aggregate consumption subsystem by the serv-
ices flow. It is connected with both subsystem by labour flows,
expressed in monetary units.

These interconnections are shown in Fig. 1.

) A !
pr )@u
¥y, 5y, by,
Si So Sk
- [T Vi
Yoi Vio — Yok
Ys2
L
Figure 1.

Yi = production of the i-th production sector, i = 1,...,n
Tio = supply of the i~th material commodity

(purchased from population personal income)
Yk = production of the k-th sector of U subsystem,
k = n+1,¢¢-’N
Yko = supply of the k-th nonmaterial service

(purchased from population personal income)
L = demographic vector
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To describe the personal consumption subsystem the following
notation has been used:
NI(t) = national income distributed
Yo(t) = net income of the population

Yg(t) = net personal income of the population
To(t) = income at the disposal
Yop(t) = wages and salaries in production subsystem
Yuu(t) = wages and salaries in aggregate consumption subsystem
Ys(t) = social benefits
Ys1(t) = social money benefits
Ysa(t) = social benefits in kind
YOX(t) = other incomes, i.e. incomes of peasant population from
agricultural production, incomes of owners of private
enterprises and the so called free occupations,incomes
of the population from other sources
K(t) = population debts (credits and loans)
k(t) = credits granted for population
S(t) = savings deposits
s(t) = new savings
Ypo(t) = material goods for private consumption
Yuo(t) = nonmaterial services for private consumption
Lo(t) = population number
w(t) = average net wage Per annum
G(t) = [Gi(ti}N = demend for material goods and nomateri-
- i=1 al services
t = time
n = number of consumer goods taken into account
N-n = number of consumer services taken into account
In the personal consumption model the relations between ma-
terial goods and nonmaterial serviges supply, the demand sub-
mitted by consumers, the consumers income distribution as well
as the goal of the subsystem are described.
The model consists of submodels containing demography,prices,
incomes, market, savings and credits.
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2. Utility Function

The long term goal of the personal consumption subsystem is
to maximize the utility resulting from the consumption of mate-
rial goods, especially durables, and nonmaterial services,which
can be regarded as personal investments (e.g. education, public
health and social welfare, etc.).

The following form of the utility function is assumed [1]:

X (0
U(Y) = Uo, IYio(t) 1)
i=1
where:X‘i(t) = given (identified) functions,ﬁ“i(t)j>0, i=1,
N
eeey N3 E Xi(t) <13 Y.o(t) = consumption of i-th material com-
i=1

modity for i = 1,...,n.

In the case of the nonmaterial services consumption out of
population income, or from social benefits in kind, the Yio(t)
depends on the government expenditures on the i-th mnonmaterial
(aggregate consumption) sphere:

t
Y o(t) = ¢5(8) Z:ki(t,'r) z/iji(r =T 1= Thee, B (2)

T=

where: ki(t,T) given, nonnegative functions; ki(t,T) = 0 for
T  ty ki(t,r) = ki(t-t) in the case of the stationary model.
The typical example of ki(t,r) function is

K, exp (-éi(t =T, )Ty
(3)

ki(t,'r)
0, t< Ti

where: Ki, éiﬁ Ti = given (identified) parameters; ci(t) repre-
sents the current state outlays;/}i(t) = given (identified)
functionst Zi(t) = the government investment expenditures in
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the i-th sector of the aggregate consumption.

N
It is assumed that j[:: Yio(t) = Yuo(t).
i=n+1
The optimum consumption strategy can be derived by the max-
imjzation of the utility functional
T
/ vu(t) U(Y) a4t (#)
0
where U(Y) is given by (15} vu(t) = given weight function.
Bubject to the constraints

N
;’Yio(t)<'?0(t) For t = 0,ees,T (5)
:
E 2. (£)S2(t) for t = 0ye..,T (6)
i=n+
or
N T T

/ vy () 2Zy(t) dt QZN, Zy =/ vN(t)f[N(t)NI(t-‘l)dt
i=n+1 0 0

where: Z(t) = the government investment expenditure in the year
t3 zN - the total government investment expenditures in the ag-
gregated consumption sphere in (0,T)}% X’N(t) = the nonmaterial
investment share in national income distributed; Vi(t), VN(t) =
given weight functions, i = n+1,...,N.

The solution of (4) gives (see [1]) the optimal consumption
strategies for material goods and nonmaterial services.

3, Structure of the Personal Consumption Subsystenm

The structure of the personal consumption subsystem is shown
in Fig. 2.It is assumed that the subsystem consists of the fol-
lowing submodels: demography, wages, prices, demand, market and
savings credits.



-295-
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Figure 2.

To maintain the unity of the MR-models methodology we as-—
sume that the output of the personal consumption subsystem is
the population income Yo(t):

To(t) = Yoo (8) + Yo (8) + Y (1) + Yo (1) (7

where
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n
Iop(t) = ? YOi(t), YOi(t) = wages and salaries in the i-th
= production sector
N
YOu(t) = E Yoj(t), YOJ(t) = wages and salaries in the i-th
Jj=n+1 sector of aggregate consumption
subsystem.

The net personal income Yg(t) = Yo(t) - Ys2(t)'

The population income is increased by the balance of credits
SE(t) = k(t) - SP(t), SP(t) = credits repayment.

The income at the disposal T,(t) = Yo(t) + SE(t).

The distribution of population income becomes
To(t) = Ypa(t) + Yyo(t) + Yoo(t) + Yp(t) + s(t)

where
n

YPO(t) = g Yio(t), Yio(t) = consumption of the i-th material
=1 commodity
N

IUO(t) = E on(t), on(t) = consumption of the Jjeth) nonma-

J=n+1 terial service
YR(t) = other expenditures.

We are now able to describe the submodels of the personal
consumption subsystem.

A demographic submodel provides information about the popula-
tion number, its age and professional structure and about the
employment in the economy. The demographic vector L(t) has the
following components:

Lo(t) |
X5 (%)

L(t) = |3

Xon(®)

LXOs(t)

where:
XOi(t) = employment in the i-th sector of economy
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;E::X i(t) = Iop(t) = employment in production subsystem expres-
sed in natural units
OB(t) = number of persons who get the various kind of social
benefits (in monetary units).

In the submodel of wages the average wage in sectors and in
the whole economy, as well as the value of social benefits are
given.

Social (money) benefits are given to the people who a&already
do not work professionally (pensioners) and those who still do
not work (students and pupils), but get scholarhips and grants,
as well as for employed in the economy, who get statutory and
workers benefits.

The sum of wages, salaries and of social money benefits be-
comes

N r

T (t) = Zwi(t) X0; () + E u, (t) X, () (8)

i=1 i=1

where: wi(t) = the average net wage per annum in the i-th sec-
tor; ui(t) = the average value per capita of the i-th kind of

social (money) benefits; }E::Xosi(t) = Xos(t).
i=1

The prices-submodel gives information about the retail
prices, their structure and dynamics.

The demand submodel which defines consumer demand for commod-
ities is an important element of the personal consumption sub-
system. The demand function is assumed in the following gener-
al form (see Ref. [5]):

Gty = o[pe)]® [p(0)] ® [xee)]® [Bce)) (9

where: a(t) = demand per capita; pu(t) = measure of population
incomes, e.g. average wage per annum or value of national in-
come distributed per capitaj; p(t) = retail Qgice of the commod-
ity (this price is expressed as an index); k(t) = vyalue of
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credits per capita granted for consumers; E(t) = savings per
capita; c,a,b,d,e = given (identified) coefficients; ¢ = const.,
¢ >0; a = demand elasticity with respect to income; b = demand
elasticity with respect to pricej; d = demand elasticity with
respect to savings; e = demand elasticity with respect to cred-
its.

G(t) = G(t) Ly(t) - the global demand for a given commodity
submitted by consumers may be expressed as follows:

6(1) = o[ p(&)] * [p()]® [x(t3) ® [5(0)]¢ (10)

In the first version of personal consumption submodel the
following relations were assumed

a b
G, (t) = cp(t)[w(t)] P [pp(t)] P _ for material goods (11)

(regarded as single commodity)
a
Gu(t) = cu(t)[w(t)] Y for nonmaterial services (12)

(regarded as single commodity)

where pp(t) = retail price index number of goods bought by po-
pulation.

The consumers demand is realized on the market with material
goods flows supplied by the production subsystem.In the market
submodel the consumers demand is equalized +to the supply of

n
goods Ypo(t) = E Yio(t).
i=1

The demand-supply balance is executed only for commodities
purchased from population personal income and does not concern
the consumption of social benefits in kind and nonmaterial serv-
ices.

In the market submodel the following problem has been solved:

(a) the global demand-supply balance

8 b 2
min o [w(t)] P o, (0)] P-¥ (t)} (13)
w(t),pp(t) P[ ] b ] pO
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with constraints
w(t) (1 + 2) w(t - 1), p,(t) <+ Pt -1
where z>0, r> 0, 2z and r are decision variabless
(b) after solution of (a) in the case of total demand-supply
balance, i.e. when the average wage w(t) and total consumption
price index are fixed, the partial balance is to be realized

p; (T

with constraints

b 2
iz {ci(t)‘:w(t)]ai [oy (0] * - YOi(t)} (1)

py(t) C (1+ 1) py(t - 1)
where ri:>0 a decision variable, pi(t) = the i-th material com-
modity retail price.

The value of demand for a given commodity may be also in-
fluenced by credits; value of credits granted may be also a de-
cision variable by determining the population income.

The credits model is described in the following form:

t=ty 2§i: | =T
RK(t) = K(to)('] —C) + k(t)(1 - 8) (15)
= O+1
where: { = rate of credit repayment; E(t) = population debt.

It is assumed that the repayments (SP(t)) are proportional
to debt, i.e.

SP(t) = g K(t - 1)

In the credits model two kinds of credits are specified:
credits for instalment purchases of goods and services,and cred-
its for residential building. They are both described by the
relation (15).

As a result of market purchases a part of population income
is saved. We assume the following description of the savings
model:

t-t t=-7
S(t) = S(t)(1 +€) O+ E s(x)(1 +E) (16)
T=t0+1
where € = interest rate in savings.
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The global consumption of material goods (purchased from con-
sumers personal income)
n

Ypo(t) = 2 o0 = 4 o(8) NI(Y) (17)
1=

is one of the categories of national income distribution.The fz
function which determines the rate of personal consumption
of material goods in national income is defined in the follow-
ing form (see Part C. Introduction):

E
_ o|NICt = 1) €
Yale) = ci e } (2] (18)

where c, E, e = given (estimated) coefficients,and may be mod-
ified by taking into account the last year consumption

E

) _ |NI(t -1
Pat) = ¢ " ES)

(-]

[ Ypott - 1>]f (19)

According to [2] it is assumed that the consumers demand for
i-th commodity may be defined as follows:

00 = Ay (8 20, V=2

(20)
Zy(t) = §,(t) NI(t)

Comparing (20) and (11) one gets the following relation:
a b,
i i
cs(t)[w(t)] * [py(¥)]
Z,(t)

A 12(1;) =

which mey be applied for forecasting the A -coefficients for
the personal consumption sphere.
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4, Empirical Results

The model described above was simulated in CYBER 72 computer,
based on Central Statistical Office data for time interval 1965-
1974, Parsmeters of the relations (11), (12) and (15) have been
identified by the least squares method assuming that the past
demand was equal to the consumption (i.e. we assume that the
past demand has been realized).The results of identification are
given in Table. The computation accuracy varies from 5 to 8%.

(a)
Demand c 8 b
for material goods | 5.87 | 1.5314 | ,3394
for nonmaterial
services «3492 | 1,653
(b)
Credits
for individual re-
sidential build~
ing 0.055
for instalment
purchases of
goods and serv-
ices 0.9
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1. Introduction

The growing interest of different sclientific centres in the
construction of models of soclio-economic growth by means of the
system analysis methods can be observed recently.At present the
system of models describing economic and social phenomena, a&s
well as their interactions is being developed in Polish Academy
of Sclences 1 .The comsecutive modifications of the normative,
mecroeconomic, multisectorial model MR which describes the most
important features of economic growth, and constitutes the so-
—-called core-model, are the fundamental element of the system
mentioned above (Part A, Fig. 13). Several other models as re-
gional and sectorial ones (health care system model included in
the latter) are cooperating with the core-model.

The health care system activities belong to the most impor-
tant ones of the so-called non-material services production
sphere (Part C). The goal of the health care sector - to cure,
to protect against the diseases and generalliy speaking to pro-
long the longitude of a human life in the best possible physic-
al and psychical state - is rather easy to be presented 1in a
colloquial formulation. However, it is much more difficult to
formalize this problem in a form of mathematical description of
the gquantitative relationships between main variables character-
izing this system (see [8]).

The state defined as '"health" is identified often with the
negation of "illness" conception but the above definition does
not satisfy anybody.Nevertheless,it is much easier to formulate
the formalized description of the states of temporal or perma-
nent disability, and after having it negated to get a descrip-
tion of the health level of the society.

Then such indices as morbidity,prevalence,incidence or mort-
ality, fundamental in practice of the statistical offices of
health sector, will be used for the construction of +the re-
lationships describing the activity of Health Care System (HCS).

The schema given below (Fig. 1) shows the main interactions
of the core-model with the HCS model.

The health status of the society can be defined mainly by
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the environmental conditions (sanitation,social environment,ac-
comodation, nutrition, ztc.) the biological characteristics of
the population and - last but not least - the activity of HCS
- see [9] ana [10].

We can define the goal of HCS as follows: to satisfy (per-
haps to modificate as well) the social demand for health serv-
ices in the best possible way in the meaning of the given per-
formance index and subject to the existing constraints. One as-
sumes that the quantities such as the policy of economic growth,
the regional and branch structure and levels of production and
employment, the gross national product and the national income,
the expenditures for health services and environmental protec-
tion, the demographic forecast, etc. are given exogeneously.

The HCS receives a certain part of the national income and
realizes a social gosal described above - to improve the health
status of the whole society.

The government spends some amount of money on the HCS to cov-
er the growing cost of health services. More services are sup-
plied bigger expenditures are to be spent on them (see Fig. 2 -
curve CD).

CostsT \E
A \ F

lost time

Costs of
health
services

The optimum health service level

Health activity level
Figure 2. Costs of health care strategy.
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Some chosen statistical data of government expenditures and
the existing health services level are shown in Table.

On the other hand for given demand for health services and
certain health services level obtained there exists a corre-
sponding cost of the lost time due to diseases and deaths.These
costs could be calculated by taking into account such quanti-
ties as labour productivity, professional activity,labour force
structure, socially lost time, salaries level, etc. It is to
note that costs of the lost time decrease with the growth of
health services level (understood as number of personnel,number
of beds and consulting rooms - generally speaking:material base
and employment level in the HCS) - see curve AB in Fig. 2.

The above mentioned tendencies are shown on a diagram (see
Fig. 2).

For the existing health care system and socio-economic en-
vironment one can define the total costs connected with chosen
health protection strategy as a sum of the cost of health serv-
ices and the costs of the time lost - see curve EF in Fig. 2.
There appears a problem to be discussed in the future:to choose
an optimal health services level that minimizes this total cost.
By -now one considers the allocation of resources problem for
given expenditures level.

The HCS model given in this paper is a multisectorial dynam-
ic model with a hierarchical structure of management. The fol-
lowing problems will be presented - the description of thera-
peutical activities (in-patient care - IPC and out-patient care
- OFC):

~ the demand definition for health services;

- the optimal allocatlion of resources (financial and materi-
al ones).

2. The Therapeutical Activities (IPC and OPC) Modelling

The main problem in the modelling of system activities con-
sists in the choice of outputs (describing the production level
of a given system) and inputs (representing the production fact-
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ors),and also in the definition of the functional relationships
between inputs and outputs.

The Cobb-Douglas type production function has been chosen to
describe both of the activities - in-patient care (IPC) and out-
patient care (OPC) - because of its well known substitution of
the production factors feature - see [6]. It is also possible
to take linear form equations (Leontieff-type [2]) or even mix-
ed type equations (Leontieff-Cobb-Douglas [2]). All these for-
mulations should have a relationship describing the technology
of the defined therapeutical processes. In the future it will
be necessary to investigate the important problems of the orga-
nizational-technological progress (the change of therapeutical
methods, the introduction of new drugs, etc.).

The main principle of the description of activities were to
divide the whole population into the age (index i,(i = 1,...,I)
and illness ( index k, k = 1,..+,K) groups.In such a way we may
avoid such typical problems as:

- assignment the arbitrary weights to the age and illness
groups (necessary to formulate optimization problems of aggre-
gated products), and also

- averaging the production processes with significantly dif-
ferent parameters.

All input and output variables are understood as statistical
one-year data values.

k I3
Lo (1) N xikt)
SE(t) 0PC

o
GK(t .
o) Tik(t)
IK(t) i=1,...,0,...,1

> k=1,...,k,..., K

t-given

Figure 3. Out-patient care activity (OPC).
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In Fig. 3. the scheme of out-patient care activity is shown.
xék(t) denotes the number of medical examinations in OPC-units
(for people in the i-th age and k-th illness groups) in the
year t, T0 (t) denotes the average time of the therapy prescrib-
ed by a physician, appropriate for the i-th age and k-th ill-
ness group in the year t.

The following functional relationships describe the OFPC act-
ivity:

¢ ik ik ¢ ik ¢ 1k
ity = E (o)) ¥ [se)) 5 [ege) © [Io(t)] 1)
2ik ik ik
. 1E 1) SA(t) f!
ik Ak | Bt 0 X I
t) = IS(t 2
ROl v hors [15(t)] 6)
where
kﬁk, k;k = constants

D(t) = total number of people in the year t

Lg(t) = number of physicians working in OFC-units and treating
the patients belonging to the k-th illness group in the
yeat t

Sg(t) = the same &8 @&bove but for an auxiliary personnel

(nurses, etc.)

Gg(t) = number of consulting rooms used in the k-th illness cat-
egory in OPC-units in the year t

Ig(t) = intensity of therapy in the k-=th illness group (expend-

itures for drugs, injections -~ generally speaking other
expenditures than for salaries and maintenance costs

for §Xl8ti§8 buildings)
ik k
LPL (PS <.|)G *Q); = corresponding elasticities of the Cobb-

=Douglas function describing the production of health
services in OPC subsystem

Q Q I = corresponding elasticities of the Cobb-Douglas
functlon describing the therapy time.

In analogous way the IPC activity has been described-Fig. 43
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Ly (t)
- (k
t
—

k .
AL i)
Izk(t) i=1,...,0...,1 el

- k=1, .. k... K
t-given

Figure 4. In-patient care activity (IPC).

xik(t) = number of people belonging to the i-th age group who
are treated in IPC units in the k-th illness category
in the year t

Ttk(t) = average duration of the patient stay in IPC units char-

acteristic for the i-th age and k-th illness groups in
the year t.
The relationships given below describe the IPC activity:

A ik xik xik xik
¥ty = i) T [sEwm] 5[] B [rhw) T (3)
X ik
S OF kékl-‘;;(i?i E%QQS [Ilz‘(t)]g%k )
B, (%) B, (%)
where
kik, k;k = constants

L:(t) = number of physicians working in IPC-units and treating
the patients belonging to the k-th illness group in the
year t

the same as above but for an auxiliary personnel

k
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number of beds occupied by the patients <from the k-th
illness group in the year t

k
BE(t)

Ii(t) = intensity of therapy in the k-th illness group (see for
OPC-desoription)
Zfék,?fék,zték,%f%k = corresponding elasticities of the Cobb-

Douglas function describing the production of health
services in IPC subsystem
?ik,? ék,g’ %k = corresponding elasticities of the Cobb-Douglas
function describing the mean duration of patient’s stay.
The given above equations (1)-(4) deseribe the IFC and OFC
activities from the point of view of the health services pro-
duction capacity.

3. Demand of Health Services

Let the morbidity trends in the age and illness groups be
assumed to be given in the model. They constitute the founda-
tions for defining the demend for health services in both
chosen therapeutical activities IPU and OFPC (rehabilitation
could be considered additionally).

So, one assumes that the sequences

ey, oMy, 1= 1,000,0, k = 1,000K (5)

are known, where Ckik (t) denotes the relative demsnd for
health services in tﬁe (.) activity in the i-th age and k-th
illness group referred to the total number of the people be-
longing to this i-th age group (for example counted for 10000
people in this age group in the year t).

As it was mentioned above we propose to find these values re-
sulting from the analysis of trends observed in the past¢say, M
years (or for the so-called civilization diseases -could be de-
fined taking into account the data from highly developed coun-
tries as Sweden for example), They describe - 1in the sense of
average - the health status of the society characteristic for
existing sanitary conditions, working conditions and the 1level
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and quality of the present state of health services (diagnosis
and therapy effectiveness, extension of prophylaxis amd protec-
tion) - see [5]. It is not earlier, that these  factors have
been considered and included to (5) in the form of causal-con~
sequential relationships that one could define more precisely
the demand for health services — see [3] and [ 7].

Using the forecasts of (5) type and knowing the numbers of
people in the age groups D (t) one can describe the demand for
health services in the k-~th illnesa group as follows:

I

(1) = Zoaik(t) pi(t) (6)
=
I, i

Ta(t) = Zo(zk(t) Di(t) 7
=

and - introducing the auxiljary variables -

I

11ty = pie) ZDl(t) = DY(t)/D(t) (8)
i=1
I

() = D(t) Z ey Iy (9
=1
I .

1) = D(t) ) MmN (10)
i=1

4, Formulation of the Optimjization Problens

4,1. Introduction

The expenditures and resources allocation among the illness
groups and different fields of health activities in a chosen
planning period is the main problem under consideration. It is
of a hierarchical and complex structure.

At the beginning we may introduce the following definition
of the socially lost time (denoted in the text by A) &as a res-
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ult of the diseases and deaths (i.e. the total amount of time
lost by all the numbers of the sbciety - to  loose the time
means to be excluded from the social activities, e.g. from work
for employed people, education for pupils and students, leisure
time, etc.). With the help of the introduced above definition
one can formulate in a general way the optimization considered
in details a little further. It has been shown in a diagram in
Pig. 5.

So the main management principle for HCS is to allocate the
expenditures and resources (current expenditures and invest-
ments) in such a way that the socially lost time in the plan-
ning period TP/A(TP)/ obtains its minimum, and at the same time
the demand for health services is satisfied, as well as  pos-
sible (other social and economic factors given exogeneously).

The management structure is a multilevel one. The main in-
formations for HCS taken from the core-model MR [4] ares

- the total expenditures (as the part of the national income)
for the HCS activities (global - for one-year periods and for
the planning period Tp or divided into investments and current
expenditures),

- the total industrial production (G.N.P.) and its sector
structure,

- the current flows from individual sectors (for example -
pharmaceutical industry of the chemical sector),

- the employment level and its sectorial structure.

As soon as the optimization problems defining the goal and
the quality of the HCS activity are solved - we are informed a-
bout the scale of a decrease in the disponible fund of work (i.
e. of the total amount of work hours). This in turn results in
the losses in G.N.P. and the national income due to partial use
of the disponsible human productive potential.

The upper level problem - to minimize the socially lost time
in the planning period - is a dynamic one.

The possibility to satisfy the actual demand for health serv-
ices depends on the allocation strategy of the expenditures and
material resources for the therapy (and other health activities
-as prophylaxis for example-~if such are to be included in the
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model in the future) - see Fig. 8 - in one-year periods and in
the whole planning period. It is also influenced by the invest-
ment strategy for the enlargement or modification of existing
health services production capacities (building facilities and
experts).

An obvious dependence of the demand for health services and
the production capacities on the activity of HCS in the past is
tried to be represented (though it is not the only dependence -
the influence of the other socio-economic¢c factors for the sake
of the present paper is to be considered treated as exogenous).

4,2, Optimization of Therapeutical Activities
in One-year Period (Levels I and IT)

Consider the k-th illness group and the initial period time
t = tge One considers at first the following static local prob-
lems of the lowest menagement 1level (denoted as the optimiza-
tion level I): to minimize the deviation between the manifested
demand for health services in different fields of therapeutical
activity (for given k-th illness group and chosen t time-peri-
od) and the potential supply defined by the actual state of ma-
terial and human resources and also by the level of current ex-
penditures - see Fig. 6).

At the level I one gets the following informations from the

upper level II:

Fk(t) = current expenditures for the k-th illness group in the
year t

Lk(p) = number of physicians working in TPC and OPC,and treat-
ing the illness belonging to the k-th illness  group
in the year t

Sk(t) = the same as above but for the auxiliary personnel

Gg(t) = number of the consulting rooms needed for the treatment
of the illnesses from the k-th group in the year t

Bg(t) = number of beds occupied by the ill people of the k~th

illness group in the year t.
Before the control problem for this optimization problem has
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been formulated it is necessary to introduce the follewing vari-

ables:
<y§(t) the coefficient of distributing the physicians in OFC
activity tor the k-th illness group in the year t
l?é(t) = the same as above but for the auxiliary personnel.
So the quantities - characterized by the equations given be-
low

HOREO (1)
Ys(t) s ) (12)

Le(t)
S6(t)

denote respectively the numbers of physicians and auxiliary
personnel who work in OPC and treat the illnesses of the k-th
illness group while the quantities:

(1 = @ TIL(L) (13)
(1 = QS (L) (14)

k
Ly(t)

k
SE(t)

denote the use of the production factors such as employment for
IPC activity.

If we assume the complete use of the physicians, the auxil-
iary personnel and the material base (consulting rooms, beds)
the equations (1)-(2) and (3)-(4) can be rewritten in a form:

ik ik k (P%k k (Pik k 2
xg(t) = E5°C LT (et S gty (15)
1k ik k. i k nak o niE
T5t) = B30 pa)' T (@gen S ageen’t (16)

ik ik ik
n .8 8
50 =B - PN T -9 gen S @pen T oan
ik 1k k. 81" e S5 k81
T =EC g Y (1 -ygge)® @iy T (18
where ix 1k 1k
- ¢ G . 9
BE - Faf ) T ) B efn) © (19)
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n ik n ik _(n 2, 1K
B -l af ) E @5y 8 (oqryy (L 18 (20)
EF = gfaf @) P oty 8 @l B (21)
ik ik ik ik
_ Q (g I¥ Lo 1
EE L iy o S ey O T80 (e
At level I one solves the following local problem:
I i 2 ik =ik
min > [eFmasen i et o mf
GEt) JE(0 T8, T5(t) * (23)
subject to the local inequalities
0K P(t) 1 (24)
UHORE (25)
xGEC (L), 1= 100, P (26)
ey (EEL), 1= 1,...,1 (27)
1 x1 () 1HE(n)  365BE(Y) (28)
1=
ISt + Ih(e) { I E(e) (29
where
P E = PR - cRmTE) - e5(t)st(t) +
- clg(t)Gk(t) - cf(t)Bk(t) (30)

D These manifested demands for health services given by
formulae (9)~(10), (53)-(54) could be multiplied by "safety"
factors.
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where: c1(t), °2(t) = the average one~year salaries of the phys-
icians and auxiliary persomnel in the k-th illness groupj °3(t)
= the necessary current unit expenditures for maintenance of
the existing facilities in OFC; c4(t) the same as above but
for IFC.

From the solution of this problem for the quantities

MECt), 65y, BE(t), s5(t), T5(®) (31)

given parametrically we get the guantities
iS(t) ama K5t (32)

which characterize the therapeutical process for the k-th ill-
ness group under conditions of the optimal allocation (in a
sense of the performance index (23)) of the expenditures and
the material resources among the two therapeutical activities
under consideration: IFC and OPC. It{s necessary to discuss the
meaning of the quantities Ag(t) and Aﬁ(t) - their sum repre~
sents the total time socially lost due to the illness from the
k-th illness group in the year t.

So
A¥ct) = at®et) + arIf(t) + ATITN(t) (33)
I . I3 Y
ATE(t) = ) xER(e)(1 - aE(e))rii(t) (34)
i=1

is the total time of illness for the persons treated in OFC
(aék(t) = the mortality in the i-th age and k-th illness group
for the illness stadium appropriate for treatment in OFC),

I
ATT(t) = Zxékct)aékm[ml""’ (v - 7] (35)

i=1

represents the time socially lost due +to deaths of persons
treated in OPC where
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average life expectancy for the i-th age group
average age in the i-th age group

12 (4
!

and finally

ATIIS(t) = 2 [a =E(1)] (36)

is the time socially lost due to the deaths of persons who stay-
ed beyond the OFPC and the HCS as a whole (as the result of the
unsatisfying of the demand) where

ToE(t) = TEE(t) ~ x55(t) ) O (37)

denotes the extent of the unsatisfaction because of (6)=(7),
Eék(t) = the demand for health services in OFPC in the i-th age
and k-th illness group, xék(t) = gervices supplied, while
f[A'ijdk(t)] is a certain function (see (60)).
In analogous way one defines the quantity Az(t).

Let the quantity

By = RS+ At (38)

be defined as the total time socially lost due to the illnesses
(and deaths) belonging to the k-th illness group.
Next we can introduce the following variables:
LNi(t) = increase in the total number of physicians in the year
t

LkS(t) = number of physicians working in the k-th illness group
at the beginning of the year t
§ k(t) = coefficient denoting how many of new physicians (from
the total number LN(t)) will work in the k-th  illness
group in the year t
L(t) = total average number of physicians in the year t

Sg(t) = total number of auxiliary personnel in the year t
Gg(t) total number of consulting rooms in the OPC =activity
in the year t
Bf(t) = total number of beds in the IPC activity in the year t
Obviously

() = 185(t) + £ “(H)I(t) (39)
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At the upper level (II) one considers the allocation problem
for the one-year expenditures | (t) and the disponible re-
sources LN (t), ST(t), G:(t),B:(t) among the individual illness
groups k€ (1,...,K} i.e. the minimization problem (see Fig. 7).

K

min » i) (20)
M X, £ 56,85 ,65(t),B5(t) %=

subject to the following equality and inequality constraints:

K
o ) Tmg (41)
k=1
Ef : k
(¢) = 1 (42)
k=1 E
K
> ok = 5w (43)
k=1
K K _
E Bi(t) = B, (t) (44)
k=1
K
s¥ty = s%t) (45)
k=1

SSOTE(E) + e5(1S5(8) + SS(E (L) + G(DBEHI< ()  (46)

1)) 0, k=1,..0,K (47)
BE(1)) 0, k= 1ye00,K (48)
s5(6)) 0, k=1,...,K (49)
TEM)D0, k=1,...K (50)

As a result of the solution of problem belonging to these
two levels (I and II) one gets (for the system with the manage-
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ment structure given by the performance indices (23) and (40))
the minimal time socially lost due to the illnesses and deaths
for a given:

- level of current expenditures for HCS in the year t, and

- investment strategy in the part (by now given parametric-
ally).

4,3, Demand for Health Services Confronted with
the Production Capacity

Up to now it was assumed that the forecasts ©Of the demand
for health services 1n the activity (.) in a form of a set of
the coefficients o<( )(t) (eq. (5)) are given. Now the demand
for health services in the activity (.) in the year t +1 should~
be found knowing the forecasts (k)(tB),<x (k)(t +1) and the
possibilities of the demand realization.

Let the k-th illness group in the moment tB be considered.
The demand for health services in both fields of activity (OFC
and IPC) will be given by the following formulae:

T, (tp) = Zl (tp)ot St [D(t) (51)
h(tp) = Zli<t3>o<§k<t3> D(ty) (52)
where
D(t) = the total number of people in the year t

1 (t) = the proportion of the i-th age group in D(t).
The similar equations can be written for the age and illness
groups:

"ik( tg) = ok( tg) 1% tg)D(ty) (53)

ToE(ty) = ol 3E(tp) 1 () D(tp) (54)

One assumes further that <the realization level of health
services will satisfy the following conditions:



-324-

X(t5) CES(tg), 1= 1,.00,K (55)

©E) CEE(), 1= 1,0000K (56)

So the total time socially lost due to the 1llnesses from
the k-th illness group in the year tB for the given state of
the medical knowledge and the actual environmental conditions
cen be defined by:

- disability time of persons treated in OPC and IFC - the

components of the type
(1 - 8F5y(t))xEe) (L) TEE () (57)
- morbidity in the illness group - the components of the
type
x(sy (tp)arey(tg) [T (tp) - '] (58)
for persons treated (the notation is the same as in (4.2)) and
£y & Tehy ()] (59)
for persons beyond treatment in the activity field (.).

Finslly
I

Aty = 121 [1 - aik(tB)] BT (1) +
I

=) o[- o)ty «
i=1

I
- E ai'k(tB)xtk(tB)[Tl’w(tB) - Ti] +
1=1

I
- ? & Ctp)xy(tg) [T () - TH] 4
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;»{o (tp)[%g ey - xzk(tB)][Ti""’(tB) - Ti] +
}:X 2 ) [% ) - 5, ][ T () - Ti] (60)

where: ‘[ gk(tB),[ ik(tB) = corresponding morbidities for the
i-th age and k-th illness group for people beyond treatment in
OPC and IPC (but menifesting the demand for these types of
health services according to the forecasts (53)-(54)).

The demand for health sexrvices in the year tB+1 will be giv-
en by the formulae presented below:

T4 1) = ot T a1 (o)D) +
+ B[R - X (tp)] (61)
1) = k(th)li(th)D(th) +

+/3 izl1{(t3)[_xizk(t3) - xik(tB)] +

+ 3 Eerp)[ Ty - 156 )] (62)

where I
D(tgt1) = Y | Di(eg) (63)

i=1

K
1{ 4 - -
pi(ty 1)-3{1)11@3)-2 xi Dok etk o

K X
- ) atEpal MGy - Z;'{ o E(ty) -
k=1 k=

. [Ei-1’k(t3) - x§_1’k(t3)] +

K
- Zf 2% "13)["%”1 Eerg) - 5 tB)]} +
=1
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K K
-1
+ Sty - }1:x§k<t3>a§“<t3> =) xcrpaliey +
k= k=1

Zjo (tB)[x (tg) - xﬁk(tB)] -
Z}gz (1) [E2E (e - xE(ty)] (64)

with assumption made that the age distribution is uniform and
the age groups are S ~years long and the coefficients/3%k(t3),
/6 tﬁ,Z(tB) are the "transition" coefficients (they show the way
how the unrealized demand from year tB will pass to the year
tB+1). The unrealized demand in any year (for example t=tB) re-
sults in two effects:

- the growing total mortality effect (usually »f (%)(t)>

~ the demand growth effect in the coming year (the "transi-
tion" of potential patients between the activity fields - from
OFC to IFC).

The equations (61)-(64) define the total demand for health
services, the development of the HCS taken into account (1. e.
its production capacities).

4.4, Some Remarks on the Investment Allocation Problem

As it has been mentioned in 4.1 and 4.2 the investment activ-
ity carried on for the needs of the HCS allows for the enlarge-
ment of its production possibilities.

They are defined by:

~ "natural" constraints (e.g. the number of beds and consult-
ing rooms, the number of physicians and auxiliary personnel,the
production capacity of the pharmaceutical industry, etc.), and

- financial constraints (total current expenditures for:sal-
aries, drugs, food, materials, etc.).

The set of the "natural" comnstraints can be modified by the
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investment process. These constraints can be divided into two
groups:

- constraints of the material base,

- employment level.

To the first group we include,for example,the number of beds
and consulting rooms, whereas to the second - the inequalities
set describing the number and structure of the employment in
HCS (e.g. specialization structure, the number of physicians to
the number of auxiliary personnel ratio, etc.).

We can transform the material base by:

- construction of new hospitals and dispensaries (new invest-
ments),

- modification of the existing health units (equipment mod-
ernization, changes of the speciality),

-~ repairs of the o0ld health units.

Here, only the problem of new investments influence on the
change of beds number Bﬁ’(t) (the material base of the IPC sub-
system) and consulting rooms number - Ggi(t) (the material base
of the OPC subsystem) is considered.

The description of these relationships by the <following
simplified formulae:

t-TI
BE®(t) = Bo¥(ty) + Ki INS(v) (65)
T=tB_TIZ
t-TI
cE*(t) = GE%(ty) + K INS(T) (66)
T:tB—T °

where: IN%.)(t) = investment expenditure in the year t in the
(.) activity in the k-th illness group and TI(.) =  investment
delsy time - is proposed.

The medical personnel employment and its structure depend -
in the planned economy - on the enrollment and education system
in medical schools. They should be adjusted to the demand for
health services. rlanning in the educational system (money and
resource allocation among medical groups and specialities) is a
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very important problem - the effects of earlier decisions are
to be seen only after a relatively long time (e.g., education
duration time, the period of specialization, etc.).This problem
has not been considered in the present paper.It should be men-
tioned, however, that a possible modification of the management
structure (including the educational system - belonging to the
main activities of the Ministry of Health and Soclal Welfare -
to the HCsS model being constructed - see Fig. 8) has to be dis-
cussed in the future. It could be described in the form analog-
ous to (65)-(66) - as in the first approach.

For the present version of the HCS model the quantities de-
scribing the employment characteristics (and other denoted by
the asterisk in formulae (39),(43)-(44)) are considered as giv-
en exogeneously.

As it was discussed above the constraints sets 9° %.>(t) can
be transformed thanks to the investments

t-TI

K ok K (+)
(5?<-><‘“'> = e <->[t’{m<.>( ’}tB_nm])

The investment strategy has to be chosen in such a way that
it satisfies the manifested social demand for health services
in the planning period,as well as possible.The quality measures
(performance indices) which allow to evaluate the satisfaction
degree have been previously proposed (see (23), (40)). The in-
vestment allocation strategy will be chosen taking into account
the expenditure limits (the above mentioned group of the finan-
cial constraints).

4,5, Optimization Problem for the Planning Period Tp

The consideration in points 4.2 and 4.3 (the one-year optimi-
zation problem) and in point 4.4 is the starting point for the
formulation of the dynamic optimization problem of <the re-
sources and money allocation for the whole planning period Tp.
The static optimization problem has been solved for given para-
metrically:
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- investment expenditures for activity fields (indices '"o"
for OPC and "z" for IPC) and illness groups (index "k") in con-~
gsecutive years

t+T =TT -

{Iﬂlém] BT o (67)
tp
tB+Tp-TIz-1

{INk( t)} 0 (68)

- current expenditures

Tp+tB-1

{F(t)} (69)
g

So, if the total budget expenditures for the HCS in the plan-
ning period Tp (from tB until tB+1p-1)

W S0Z(T,) (70)

are given (from MR models [4]) - then the goal of meanagement
center of the HCS can be formulated as follows) - see Fig. 9.
Find

tB+T -1

min A(t) = ﬂ[rp, W sozu‘p)] (71)
(o), fokeo) P

subject to the budget constraint

T +t_-1 .
[ : tB+T 1 TIo



-331-

.Am 1, pouted uruuerd ay3 105 woyqoid stureusp) ] [oao] uoneziumdQ ‘6 oMLy

R Ny 2 M _ﬁ||||||ﬂu4.~||| T
=y . _ y=x | ... X P
JdI+3d0 JdI+3d0 x? mq Jddl+3d0 Jdl +3d0 \EM%&
_
| Qv\/»/ W (3 \ \ sr\__ |y «/.51 s&\ \.\;El_
_ | | _
_ (2) 26 (1099 (2,5 (3),§ (2, | | | e (%29 “ (F2),s (82), 5 “ (B2, "
| !
A P I (g 2w K
_ Tf.;x ; | | twv\N uw _
_ | _
A W S —— J L _ A ___ .
(1-%+81)y (-9+%3). Ey /O
- {Zni] <{ o} () o S-Mzts\\
[(%)zosm U] v=()y s
5 Q.WM o5} (0301

(91) ZOSM



-332-

tB+Tp-1-TIz X
§ : k
+ E__J INz(t) g w SOZ(Tp) (72)
t= tB k=1

In the present paper the problem of the reésources allocation
in the planning period has been discussed.The model formulated,
the chosen performance indices and management structure enable
us to calculate the minimum of the socially lost time
K[Tp, w SOZ(TP)] subject to the existing government expendi-
tures constraint. The HCS gets money from budget (the expendi-
tures level results from the division of national income strat-
egy adopted in MRT series - see part C).

The decision center of the Ministry of Health and Social Wel-
fare is to divide sparse resources among the activities and
disease groups in such a way to get the best results. The mod-
el is assumed to be used as an advisory tool for a sectorial
planning center.
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1. Introduction

The maln objective of the educational subsystem activity is
t0 meet the socio-economic demands and needs.

Therefore educational subsystem should:

a) supply the economy with the qualified labour;

b) ensure (for all persons) attainment at least a given lev-
el of education (in Poland at the present time the primary edu-
cation is compulsory - see Fig. 1)}

c) satisfy the educational aspirations of the whole society.

In Poland education on all levels is free of charge. The
funds necessary for education constitute part of national in-
come, within the aggregated consumption. A simple way of deter-
mination of qualified labour demand for the economy is outlined
in the first chapter of the paper.

Since the educational subsystem "“produces" educated labour
the following pecularities of the process of education must be
taken into account:

1) in the process of education the resources obtained from
the other sectors of economy are used; the amount of these re-
sources 1s limited;

2) the number of people who undergo educational process can-
not be abruptly changed by means of additional increase in main-
tenance expenditures, that needs time and new investments;

3) five to ten years elapse from the moment of stariing the
education up to the moment of graduation;

4) the number of children for education depends on demograph-
ic factors.

Since the human activity in the economic system lasts for 30
=40 years the high quality of educational process is of great
importance and therefore the number of graduates in any period
of time, cannot be increased at the expence of the quality.Bear-
ing in mind the mentioned above it is quite obvious that the
usage of models while making the decisions on education,is very
helpful. Analysing the structure of educational system and the
statistical data available the five types of schools,denoted by
indices s€ S, S = {1,...,5} (see Fig. 1), will be used in the
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—=>— (s=7)
(s=2)
General
secondary _
= schools (s=2)
years
Lo (5=7)
p{3~=7) (5=3) (s=3)
g’éﬁ,”;%? Vocational > Higher
: school secondary schools s> (s=5)
Children ((17? S schools nt-5
\ Z cor 53 n(3_5 years
ﬁrg . (s=2 ors=3)
(s=7) Los (5=3)
5=7)
Special Vocational
schools 1 schools [ (5=4)
H)_
—=>— [0 not continue
further education [99- (s=1)

(s=type of the education attained)

Figure 1. Basic structure of the present educational system in Poland. x)

x)

The preparatory studies for the reform of educational
system in Poland are under way. The compulsory teaching
will be extended to 10 year period. Further education will
be continued at 2 year vocational schools and in schools
with a specialized curricula. Educational system at higher
schools will not be changed.
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model considered.The problem of allocation of graduates (start--
ing to work or continuing the education at schools of higher
level) is being considered.

Possible supply of labour to the economy (according to the
type of education received) and necessary inputs and increase
in employment in the educational subsystem is calculated for
each strategy of allocation of graduates.The problem of coordi-
nation of educational subsystem with the economy, so that the
supply of labour (graduates from various schools) is being ad-
justed to the demand is of great importance.It is also possible
to estimate the demand expressed in terms of money on the basis
of forecasts obtained from the MRI model.

The MRI sector production functions include explicit depend-
ence on the amount of labour (see Parts A, B) considered in
terms of money (Yoi(t) = funds of wages and salaries of the em-
ployees in sector i in the year t). The demand for labour cal-
culated on the basis of MRI model is connected by means of
wages and salaries with the forecasts of all labour resources
(measured by number of persons).

The type of education is not taken into consideration here
and direct association of educational subsystem with the econ-
omy is difficult. Therefore the values Yoi(t) should be divided
into various types of labour education(Yoi(s)(t) = fund of pay-
ment for employees with s-type of education). In sector produc-
tion functions (see Parts A, B) that corresponds to the replace-
ment of factor

(s)
[15:0]"% by [ ] [x(ny) ™ ot

SE€S
E (S) (8)
where = 4 = oLy g4 O.
sSES
It is easy to show (in the same way as in Parts A,B) that

under optimum strategy

KO - @ 3,0

where Yi(t) = value of production of the sector i.
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The values ocgi) can be estimated on the basis of statistic-
al data in the same way as X oi by means of adaptive procedure
described in Part B.

Assuming the dependence of wages and salaries on time,as fol-

lows:
t-T
w(®(ty = w(s)(Tp)(1 + €8P N
where:
t= T, T, ey T

w(s)(TP) = average annual wage or salary of an employee
with s-type of education in a year t
E(s) = average growth rate of the corresponding wages and
salaries,
one can obtain the number of the employees demanded by sector i
(according to the education):
(s)
ng)(t) Egl_ﬁfl (2)
w{®) (1)

Next equation express influence of new employment Egs)(t) on
(s)
2i 7 (t):

7288 (1) = 2{® (- (1 - Ay 4 7B () (3)

where 0< A (8) < 1, and 2\(5) should be estimated by statist-
ical data.
The total demand z(2)(t) for new employees with s-type of
education outside the educational sector becomes
n
BRI - S (%)
i=1

Denoting by z<s)(t) the supply of labour <for the economy,
after teking into consideration the demands the problem of ad-
Jjusting of supply to the demand may be formulated in a follow-

ing way:
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t=T
wa Y Y D[ - 10w (5)
sesS t:Tp

where <« (s)(t) = given weight functions.

The present version of the model 1is charazterized by great
flexibility (it enables to analyse any strategy of allocation
of graduates, adding new types of education, etc.).

The algorithm for the computer will be supplemented by ap-
propriate optimization procedures, enabling us to improve the
strategy of the allocation of graduates subject to the given
goal (e.g. functional (5)).

2. Process of Education - Pupils' Flows,Use of Resources

Denote by i = 1,...,n(s) the indices describing classes,
where n(s) = period of education in schools s (e.g. in primary
schools, s = 1, n(1) = 8 years - see Fig. 1).

In order to simplify the notation,while considering the same
type of schools, index s will be dropped.

All the values which depend on time t are measured at the
end of the corresponding calendar year.

Numbers of pupils xi(t) (specified at the end of a year t)
which undergo the educational process in a given class i, with-
in a year (t+1), are divided at the end of this year into 1two
parts:

ii(t) = pi(t + 1) + ni(t + 1) (6)

where pi(t+1) = numbers of pupils who can continue their educa-
tion and go to the higher class (i+1),0r - numbers of graduates
if i=n n(pn(t) = g(t))s ni(t+1) denotes those pupils which have
to repeat the same class and those which drop out.

The pupils which start their education in & given class 1 at
the end of year t - xi(t) consists of: those who finished the
former class (the first component of (6a)) &and those who re-
peat the same class (the second component of (6a)):
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x;(t) = a1ipi_1(t) + aaini(t) (6a)

where 8440 8y = positive numbers such that

0<a,]i§ 1, 844 = 1, 0<a21<1
if i =1 and s =1 then ﬂg) (t) will denote new pupils who
have started their education (in Poland - 7 years old).

This numbers are determined by demographic factors. For
schools different from primary ones (s >1) pgs)(t) will denote
pupils which graduated from schools of lower level and which
continue their education in schools of higher level. It is as-
sumed further on, that the number of pupils promoted from lower
to higher class for given s depends on the number of pupils who
started their education in a given class xi(t) and on condi-
tions in which the whole process takes place (determined by ex-
isting and provided resources)

c m e
py(t+ M =k[rw)] L[| [Ey)] 3 7
=0
m
where: k, cpi, c‘_j = positive numbers such that: 0<cj<1,ji::cj<1,
3=
J =0,1,...ym = index of the type of resources, Eji(t) = amount

of resources of the type j destined for educational process on
the i-th class level within a year (t+1) (specified at the end
of a year t).

The form of (7) shows that the substitution between various
types of resources and the number of pupils xi(t) is possible.
This phenomenon, to some extent, takes also place in reality.
Nonlinearity of production function is of such a type that the
greater is the value of the resources the smaller are effects
of their increase.

The values of parameters, estimated <for general secondary

D Function (7) can be regarded as local approximation of
the real situation. Values Eji(t)’ xi(t) (i =1e0e9yn, J=0,
«+.,m) should satisfy the condition p,;(t+1){ X;(t),1 = 1,...,n,
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Table 1. Population of 15 years of age and over,

by educational attainment

Level of Years Percentages
education of total population
of 15 years and over
Higher 1960 2.1
1970 2.7
8 =25 1974 3.2
Secondary 1960 10.3
vocational| 1970 15.4
and general | 1974 15.7
8 = 2 and
s =3
Vocational 1960 3.1
1970 10.6
8 =4 1974 12.6
Primary 1960 39.3
1970 43,8
s=5 1974 48.5
Source: Statistical Yearbook of Education
1974/1975. Central Statistical Office,
Warsaw 1976.
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schools in Poland, for two types of resources j = O and Jj = 1
are follows: Cq = 0.05, o4 = 0.2, cp = 0.7 (it is assumed that

cp are equal). Eo(t) denotes the i number of classrooms &nd
i

E1(t) = number of teachers in the years 1971-1974.

Hence it can be seen that the number of classrooms bears its
influence on the number of promoted pupils. This influence is
however much weaker then that, which depends on the number of
teachers or the number of pupils who start the education (be-
cause ¢y ¢, < cpi) .

It should be stressed that better teaching conditions when
greater quantity of resources is provided are reflected in in-
creased pupils and graduates knowledge (qualitative aspect) and
in larger percentage of promoted pupils among those who start
their education (quantitative aspect).

The estimation of parameters of function (7) takes into ac-
count the quantitative aspect only. The calculation of pupils
promoted should be preceded by allocation of resources provided
to particular classes in a given type of schools. It is assumed
that resources sare allocated in such a way that after taking
into account the constraint

n

Z Ej(t) CEf (8, 3=0/eeeim, 1=1,2,0000n (8)

i=1
the number of all pupils promoted in each t year

n
P(t + 1) = Zpi(t £ 1) (9)
i=1

is meximum.

The solution of the above problem is formulated by Theorem 1
(proved in 6 ). .

Theorem 1. There exist a unique solution Eji(t),j = 1y5600,M,
i=1,0eeyn, of the optimization problem (7)~-(9):

E..(t) = 38
BB = Sh= B (10)
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(e, /9
£,(1) = [x,(0)] i

n

F(t) = ;fi(t)
=1
m
a=1-)
3=0

Moreover, the following relations take place:
m

Bt + 1) = k[R(0)] @ ,__‘ [Ej(t)]cj
J=0

£.(t) L c

Bt + D=k —— [ ] [E ()]
EHOIE

(1)

(12)

(13)

(14)

(13)

In case if certain groups of resources Ej(t) are limited as

follows:

E Ej(t) < E(G)(t), where set GC {O,1,...,m

Jjea

(16)

The value E(®)(t) cen be divided into parts E. 4(t),3€G, such

that P(t + 1) and pi(t + 1) are maximum. Hence

Ea.(t) I S E(G)(t) for jeG
C..
[/ °5
JeEG
and . A
max B(t + 1) = P(t + 1) = k[F(¢)]? P (E)

AN (e
max ﬁi(t + 1) = pi(t +1) =k ———li—l—- (E)

[rer) ™

where:

17

(18)

)]
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ch

x

g =|[ 11,19 [D e

JEG JEG

« (@® (1)) (B (1) 3 (20)
ige

Theorem 1 permits to deal with the allocation of resources
even when the values of E.(t) are small.

According to the (14), (15) and (7) the percentage of promot-
ed pi(t + 1) out of xi(t) would get diminished then and the num-
ber of drop - outs would increase. But the considerations can-
not be restricted to examining the quantitative aspect only.
Reducing values of the resources (e. g. number of teachers)
would lower the level of teaching, and thus the level of know-
ledge of graduates. Therefore additional restrictions should be
introduced, the implementation of which would enable to improve
or at least to assure certain stability in the quality of educa-
tion. This is expressed in the following form:

X(1) CBy(t) py(t) for 3&I, JC {O,’!,...,n} (21)
n

X(t) = in(t) (22)
i=1

and Pj(t) = nonincreasing positive functions of time.

The values of functions Pj(t) represent the average numbers
of pupils for one unit of j-type of resources in t year (e.g.
the number of pupils for one teacher).

So the improvement of teaching conditions is associated with
the decreasing of‘pj(t) values.

Those may be exogeneously given functions (e.g. the implemen-
tation of programme aimed at improvement of teaching condi-
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tions) or they can depend on increase of prices,when J = the
type of sources considered in terms of money.

3. Allocation of Graduates to Various eg of Schools
(s5)
Let A ’ sie S, denote set of indices of schools s¢8 in
which a student can start his education on condition that he is
a graduazg gf school s, e.8. A = {2,3,4} (see Fig. 1).

Let B' 4 s sje S, denote set of indices of schools s&S the
graduates of which can continue their education in schools 840
etso B(s) = {2’ 3].

d(si'sj)(t) denotes relation

(Si’sj)
X, (t) (85)

d(si,sj) ’ sjeA 1 (23)

(t)
(si)
8 (v
(si'sj)

where x4 (t) = the number of graduates of si-type schools
edmitted to the first class of sj-type schools at the end of
year t.
(siosj) (Siasj)

Hence 0§ d (t) £ 1 and a

(si)

(B < 1.

scd

Graduates of schools 84 who do not continue their education
(so they can start to work in a year t) can be counted as <fol-
lows:

(s9)

d(si’s)

(5,)

(s4)
1 7)) =8 “(H|1- (t) (24)

s€A

Moreover, in the same year those who graduated of schools 85

s.)
earlier m * (t) &nd continued their education in schools

s
scd i but gave up within a year t can start their work
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(s)

(54) E (5;08) <

m T(t) = T % (w E Ipﬁ'%(t)m - al®) «
i=1

(s;)

+ ngs)(t)(1 - agg))} (25)
where
t-1
g(Si) d(si,s)

() (M)

(si,s) T:t-n(s)

t) = —— (26)

2 E g(5')(.() d(s"s)(T)
1=t-n(®) g’ B(®

where f (t) = there are coefficients of the structure of
admission, so that

(8;54+8) (8548)
oyt (e <1, E T e =1

arc B(9)

1

(Si,B)

Relation (26) helps to specify in a simplified way (because
of the lack of statistical data) the number of graduates of
schools 84 out of a total number of drop-outs of A 1) schools.
The simplification is based on the assumption that the struct-
ure of graduates and drop-outs in a year t (according to
schools of which they graduated earlier) is assumed to be the
same as the structure of admission to classes 1,2,...,n(s) in
the years t—n(s),t-n(s)+1,...,t-1. The simplification deals
with the graduates of general secondary (si = 2) and vocational
secondarg (84 = 3) schools admitted to higher schools (s = 5).
since gl )(t)‘» xgs)(t) and 3(3)(t) > xSS)(t) the errors result-
ing from the simplification mentioned can be neglected.

Since the annual statistical data for Polish educational
system deal with a few types of resources,the index J will take
the values J = 0, 1, only (m = 1):

Egs)(t) for j = 1 - number of teachers
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Egs)(t) for j = O - capital stock (general equipment at
schools accomodations possibilities, etc.)
The constraints (21) should be fulfilled for j = 0, 1.
1he remaining types of resources considered, belong to the
group which is not taken into account in the "production func-
tion" (7). The values of these resources will be determined by
the relations given in Sec. 6.

4, Investments and Capital Stock

Resources of capital stock Eés)(t) (a state at the end of
the year t) utilized in the process of education in s-type of
schools within a year (t+1) are directly connected (by con-
straints (21)) to the number of pupils starting their education
in all classes together (see (22)) at the end of a year t.

The number of pupils in 2 (i {n(s) classes during the year
(t+1) is determined by the number of pupils in the given clas-
ses and by resources provided for 1<i.§n(s> classes a year be-
fore (i.e. at the end of a year t, compare (6), (7)). Therefore
constraints (21) influence admission to the first classes of
those schools. Since all 7 years o0ld children must be admitted
in the corresponding years in the case of primary schools (8 =
= 1), in which the education is compulsory,the constraints (21)
may be difficult to satisfy. In Poland, where the structure of
population by age is very differentiated (Table 2b) this phenom-
enon could be easily observed.

The influence of demographic factor is not so strong as far
as the education at the higher level is concerned.

The values of Egs>(t) resources depend on esarlier investment
outlays.

The following relations renders a current Egs)(t) value (in-
dex s 1is dropped):

t
Eo(t) = Z kot _T)[Im]@ 27)
T= =00

The relation (27) is a discrete nonlinear version of contin-

ous Volterra operator:
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Table 2. Population projections

2a. Estimated population | 2b. Population projection
in five year age groups
Year .Population (in thousands)
(in thousands) Agzear 1975 1980 1985

1970 32 658 O-4 | 2784.7 |2898.2 | 2805.7
1971 32 909 5-9 | 2538.7 |2760.3 | 2884.8
1972 35 202 10-14 | 2717.6 |2524.4 | 2756.6
1973 35 512 15-19 | 3370.4 | 2703.0 | 2518.1
1974 35 846 20-24 | 3453.6 |3356.5 | 2691.8
1975 34 0244 25-29 | 2928.5 |3415.6 | 3337.8
1976 34 301.0 30-34 | 1863.4 |2891.4 | 3393.5
1977 34 568.6 35-39 | 2123.6 |1831.5 | 2866.1
1978 34 839.9 40-u4 | 2216.7 |2085.4 | 1810.1
1979 35 093.2 45-49 | 2206.6 |2170.0 | 2048.3
1980 35 3345 50-54 | 1926.8 |2146.6 | 2113.9
1985 36 522.0 55-59 | 1224.0 |1847.3 | 2061.5
1990 37 422.8 60-64 | 1395.0 |1143.7 | 1731.7

65-69 | 1331.5 |1243.5 | 1028.4

20-74 | 955.5 [1101.6 | 1032.1

75-79 | 587.4 | 698.4 | 809.2

80 and

over 400.4 | 517.4| 632.5

Sources:

Table 2a, years 1970-1974: Statistical Yearbook of Poland.
Centrel Statistical Office, Warsaw 1975.

Table 2a, years 1975-1990 and Table 2b: Population projec-
tions: Statistical Yearbook of Poland (Demography).Central
Statistical Office, Warsaw 1973.

t
eo(t) =/ ko(t -1T) I(t) 4r

-ol

where:
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p > O is the estimated parameter
ko(t = T) = nonnegative function, the parameters of which are
to be estimated from the past statistical data,such
that: ko(t -t)=0for t -1 < T
TO = minimum of time elapsing from starting the investment to
the moment when new capital stock is obtained.
It ko(t ~T) is given by

0 for <7
0}
ko(g) = ? (28)
K, exp (-do(‘f- To) for‘;‘ > To
where: £ t - T3 Ky 60 = nonnegetive constants (to be estim-

ated) and (‘50 = parameter describing depreciation of the capi-
tal stock, then (27) can be expressed in the form

Bo(t) = Bo(t = 1) exp (-8 o) + Eo1ct - 19)]° (29)

Taking into consideration that I(t)> O and denoting
Eg(t) = Eg(t = 1) exp(-d 4)

B(t) = (30)
%o
by virtue of (239) one gets:
1P
[B(t)] for B(t)) O
I(t - To)== (31)

0 for B(t)<O0

The minimum values of Eo(t), te [Tp,Tk-'l] , necessary for im-

olementation of the strategy of allocation of graduates
(31’3)

(83)
da (t), where t€ [Tp,Tk-‘l], 8y € S, seA i sduring the pro-

jection period Tp’Tk can be calculated by (21). Then one gets
from (31) the corresponding values of the investment outlays in
the particular years t ¢ [T o T, =T = ].
(8)g 2oy o 2 5(8)
Cases in which I'"/(ty - To) = O and defined by (30) B (to)
has a negative value prove certain surplus of capital stock
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values in the year to and s-type of schools. This surplus makes
it possible to improve conditions of teaching and result in a
better quality and larger quantity of promoted and graduates.

If there are som? totgl restrictions on investments imposed
8,48
other variants of 4 i (t) strategy, ensuring better utiliza-

tion of capital stock in particular years, should be chosen.
Relations based on capital stock values in the year t for
s-type of schools, namely Eéi)(t) -~ i.e. the actual value and
the minimum value Eég)(t) obtained by (21) can be used for for-
mulating a criterion for the above mentioned selection, such as

53 (t)

UCE (32)

{2 (1)

Since by (21) one gets Eéi)(t) } Egg)(t) then n) 88)(t)e
€(0, 1),
The utilization of capital stock is the better,the higher is
Qés)(t) value.
Total investment outlays needed in the particular years can
be derived by the formula

I(t) = E I(s)(t), t =T, Tp+1, ceey T, =Ty~ (33)
BES

5. Teachers’ Labour Resources

Number of teachers (assuming the same time of work and equal
qualifications for all teachers) can be taken as & measure of
teachers labour resources. A better measure here,however,would
be teachers payment, but teachers salaries in Poland have been
undergoing certain lncreases recently, not necessarily connect-
ed with any additional raise of qualifications level. And this
is the reason for which quantity of teachers was assumed as a
measure for Egs)(t) resources.
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It is assumed also that condition (21) must be fulfilled in
this case (i.e. j = 1) and new teaching staff can constitute
only of graduates with the higher type of education (s = 5).

Employment of teachers in various types of schools can be
expressed by following equation:

Eq(t) = Ey(t = 1D(1 = Ag) + e (1) (34)

in which: A‘1> O denotes parameter accounting for decreasing
of the number of teachers (changing the profession,deaths, re-

tirements), e1(t) = number of newly employed teachers in t
eaxr.
4 (84+8)
The E1(t) values are calculated for a given 4a (t)

strategy, in the same way as in the case of investment outlays
(using constraints (21) for j = 1).

Assuming e1(t)> O one can get by (34), for the given type
of schools (s dropped)

o (t) = [E,](t) - E,(t=1)(1-A,) = E(t) for E(t) )0
1 =

0 for E(t)< 0 (35)

Negative e1(t) values, obtained from relation (34) without
taking into account constraint e1(t)).0 can be interpreted
similarly to the case of investment outlays (see Part 5). They
would show certain surplus of number of teachers (in s-type
schools and t year), going beyond a minimum level specified by
condition (21).

The change in employment of teachers or change of their
qualifications would reveal certain shortcomings,namely:

1) changing of qualification (even if it is connected with
teaching in another type of school) would require long time of
adaptations

2) the lack of feeling of stability in performing the job
would deprive the teaching personnel of supply of the most
valuable candidates.

It does not change the fact, however, that in case of some
disciplines and schools those activities may do not have these
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shortcoming. Such detailed problems, however, are not analysed
in a presented model. Besides, it is felt that the danger con-
nected with the surplus of teachers is rather theoretical than

r?al gnd may occur only at the initial runs of seeking
B: 48
a * (t) strategy. It is assumed therefore, that needs for

teachers are balanced separately for various types of schools
with taking into account the egs)(t) ) O constraint.

Relation (36) can be helpful for assessment of the degree of
utilization of E( )(t) resources

(5)
(t)
Q (5)(t) ac * (36)
(%) (1)

where: E(B)(t) the minimum value computed from (21), E(B)(t)
= the actual number of teachers in t year and s-type of schools.

In case of the higher schools (s = 5) two groups of teachers
£$?)(t) and Ry(t) are introduced and

E$P)(t) = Ry(%) + R(%) (37)

where: Ro(t) = number of assisgtant lecturers and senior lectur-
ers, R1(t) = number of lecturers (adjuncts) employed in higher
schools in t year.

The Rz(t) denotes the number of professors. They carry on
also the research work and are responsible for the scientific
level of lecturers (and thus indirectly - for the level of know-
ledge of students). Therefore the following constraint is as-
sumed:

x5 (1) ¢ Ry(8) pa(®) (38)

where pa(t) is the nonincreasing function of time.

Since the group of lecturers (37) have direct and the great-
est influence on the education of students, in the "production
function" (7) only Egs) was used.

When one uses the model,specification of quantity of persons
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in those groups is needed. The problem of the quantitative de-
velopment of scientific staeff has already been considered [9]
and the same methodology can be used there.

Let ri(t) denotes the number of promoted from (i - 1) group
to i group in the year t (1 = 1, 2).

The following relations show connections between ri(t) num-
bers:

t
r (t) = Z k(6 = )Ty (T)

T= =o0

where: ro(t) = number of newly employed assistants,graduates of
higher schools, in the year t; ki(t - ) = nonnegative function
such that

k;(t -1) =0 for (t-T1)<Ty

In the simplest case

0] for’g'(Tiorg)Tim
k()= 1 (39
K, exp (- = (g - 14)) for 7 CELTig

where: g =t =73 Ti = minimum period, needed by a member of
(i-1) group to be promoted to i group; Tim
limited by regulations or old ages, Ty Ki
ated numbers.

The parameters of the model described were estimated by the
least squares method for whole Poland using the CSO statistical
data of groups to be promoted. The following values of para-
meters for i = 1 and 1 = 2 have been obtained:

T1 = 5 years, 'tq = 8.3 and T2 = 4 years, T 2 = 0.32.

maximum period,
nonnegative estim-

The numbers of people in Ri(t) groups (i = 0,1,2) can be
computed from the following equations:

R;(t) = Ri(t - 1)(1 - A‘Ri) + 1(t) -1y ,(8) + 2y (E) (40)

i=0,1,2; ra(t) = 03 A R.> O, where A R. is the parameter ex-
i i



-354-

pressing number of people falling off the group (change of work,
retirement, death); rin(t) = the number of newly employed peo-
ple in higher schools in the year t and entering i group; and
rm(t) = 0.

According to (37) and (40) for A R. = >‘R the number of
new teaching assistants 0 1

EgB)(t) - Eg5)(t_1)(1..ARo) + £ (t) = D(t)
for D(t) ) O
egB)(t) = (41)

0 for D(t)< O

can be computed taking into account the additional constraint
ro(t) + Ty(8) = e{2) (1) ) o. 5

If it is additionally assumed that persons coming to E;7/(t)
group are graduates from higher schools,employed as assistants,
then o{?)(t) = ry(t).

Equation (40)for 1 = 2 allows to check if the process of pro-
moting among teaching staff in higher schools, is intensive,
enough to ensure the fulfilment of comstraint (38). If it 1s
not, assuming r, (t) } O one obtain from (40)

Ry(®) = Rp(+=1)(1-Ap ) - T5(t) = R(¥)
for R(t)» O
rzn(t) = 42)

0 for R(t)( O
The total demand for new teachers for the educational subsys-
tem 1s:
oq(t) = E o8 () (43)

BES

6. Maintenance Expenditures on Education

The maintenance expenditures are not taken into account in
"production function" (7) in the explicit form. However,the ex-
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penditures connected with employing teachers and other person-
nel as well as the rest of expenditures, will be derived sepa-
rately. Expenditures of the rirst type can be specified if
the employment of the persons in various  educational groups
with an average salary are known.

The numbers of employed teachers are computed from the rela-
tion given in Part 5. The work of the remaining part of employ-
ees, is connected with services rendered in that field. There-
fore the numbers of the employees, depending on numbers of pu-
pils X(t) and teachers E1(t), can be calculated.

S.)
Let Z(s*)(t) be the number of school employes, where 8y =

the type of school, 8y = the type of education, s; £ 5, 85 £ 5,
which can be computed as follows:

b(si) (s )
(s3) (s4) (s3) 2(sr (s5) 3(3 )
4s (8 = b1(; S ] T e P o) (44)
where;
(o) (8y) o (8y) _ ‘
1(s )? 2(3.)’ b}(s.) = nonnegative numbers estimated para-
meters.

For sj = 5 the number of employees with university degree,
outside teachers, in 84 # 5 types of schools becomes:

8;) (S-)
(84) (54) .(8;) (8;) 5y _(8y)
(53- (t) = b1<;) [X * (t)] 2(5) [ (t)] 5(5) = E1 i (v)
(45)
The number of employees with university degree employed in
2
higher schools except ZRi(t) is equal
i=0

o
5) ey = 5(5) [5(5)¢gy] P2
ORI NE )
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It is assumed, that numbers of employees except teachers,are
balanced within the whole subsystem of education  irrespective
of the type of school and according to the type of education.
The number of employees in all types of schools having sj educa-

E ( ;)
Z(sj)(t) = (s )(t) (47)

siG

tion should be

The changes connected with employing new people z(s.)(t) are
expressed by (48) J

z(sj)(t) = z(sj)(t - 1D - A Sj) + z(sj)(t) (48)

In order to calculate personnel expenditures,the average in-
come which depends on time, is introduced in respective groups
in the form of (1).

Within the whole subsystem personnel expenditures in the t
year are:

} : } : (s4) (s3)  (s4)
c (t) = (t) Eq T(t) + z(sl)(t)w(sf)(t)]+
8568 J J
+ Ry(1) wp(t) (49)

(s
where: w i (t) = average annual teachers income in S5 schools,
(85)
w(si)(t) = income of persons employed in sy schools having s:j

type of education, wR(t) = average annual income of professors.
The remaining expenditures can be calculated from the econo-
metric relationa

o(8) NORON
c{® (1) = bgs)[x(s)(t)] > [l(s)(t)] o / (50)

where: bgs), i=4,56,7 = estimated nonnegative parameters,the

&)t

factor e ? taken into account the increase of expenditures
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on education, caused by the increase of prices and raising of
the education level in all types of schools.

For all types of schools in the year t the following rela--
tion can be obtained:

c (t) = E c{® (1) (51)

sesS

The total maintenance expenditures on the educational subsys-

5. ,5,
tem, connected with a selected d 1773 (t) strategy of alloca -
tion of graduates in the year t become

C(t) = G () + Cp(t) (52)
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DISCUSSION

Peschel pointed out that, even if domestic prices and
production are fixed, a stochastic component should be added
to other variables, such as foreign trade. Kulikowski replied
that this is foreseen in their future work. Under the time
horizon given, however, this is of little importance even for
investments that are either firmly planned or determined as a
result of an optimization within the model.

Richardson raised the general question of to what extent
this model reaches the real decision maker. Kulikowski replied
that the modeller must at least have contact with the policy
maker in order to understand his problems and his ways of
thinking. Second, one must make the model known to policy
makers' immediate advisors who may have more time than the
policy makers themselves.

Herrera asked whether maximizing per caput GNP will actu-
ally give the best possible result for the people. Kulikowski
replied that the utility function can be freely chosen. What
an optimal strategy is will depend on the utility function
chosen.

Roberts asked whether the model also yields an optimal
population growth rate. Kulikowski replied that this gquestion
will be studied in the future. M'Pherson asked whether the
model remains stable, given the rather long feedback delays
involved. Kulikowski agreed that the system certainly is un-
stable. When the delays are greater the alpha values should
be smaller. The alphas were kept constant and equal for com-
putational convenience; but that could easily be changed.

Osterrieth wondered whether a constant parallel shift of
the time horizon in dynamic programming amounts to an infinite
horizon, or to no dynamic view at all? Kulikowski replied that
a moving five-year time horizon maps reality in most centrally
governed states. It may not be optimal, but it is the method-
ology used.

M'Pherson wondered whether it is sufficient to consider
labor as an exogenously given variable and to optimize only
the capital input. Kulikowski replied that one model allo-
cates capital; while labor is determined by other (partial)
models, including dynamic input-output coefficients.

Keyzer asked whether the input-output coefficients are
technical coefficients or value coefficients, i.e. to what
extent they reflect price variations. Kulikowski replied that
they are in monetary terms. Keyzer wondered in what way the
well-known difficulties arising from this fact are being over-
come in the model. Kulikowski admitted that he had no patent
solution. Keyzer stressed furthermore that the nonlinear esti-
mation procedures employed certainly result in a very good fit;
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but how about the economic significance? Kulikowski replied
that, in order to overcome this difficulty, they have tested
various production functions, finally limiting themselves to
relatively simple ones, in order to minimize the identification
problems.

Burke wondered to what extent quality changes could be re-
flected by the model. Xulikowski replied that MRI tries to
approach this problem in connection with a general treatment of
technological change.

Panov pointed out that, in a socialist economy, prices are
not determined by equilibria of supply and demand but by social
policy. Kulikowski replied that price subsidies can well be
reflected by his model. Prices serve mainly as an instrument
for an efficient allocation of scarce resources, e.g. of invest-
ments.

Kaya asked how reliable the input-output coefficients used
in the model might be, given the fact that input-output tables
are scarce and often based on rough estimates. Kulikowski re-
plied that the Polish Central Statistical Office had furnished
them with reliable input-output coefficients for seven years.

Mierzejewski replied to a question from M'Pherson that the
model inputs are measured in monetary units; no general state-
ment can be made about the outputs.

Richardson asked whether the training of health care per-
sonnel is treated within the health care system, or whether a
coupling with the education system has been considered. Bojanczyk
replied that the health care system so far, has been limited by
the data available. The explicit recognition of health care
education remains yet to be added, as well as other aspects, for
example, to optimize with respect to total cost involved, i.e.
the cost of the health care system itself plus the cost of time
lost due to illness.

Fleissner asked whether, under this definition, time of
children or of retired people lost due to illness would also be
considered "cost". Bojanczyk agreed that the goal function
should include this "cost", too.

Questioned by Richardson, Bojanczyk replied that the number
of age categories and of types of diseases chosen depends on the
availability of statistical data. In Poland, they were able to
identify 10 age groups and about 15 groups of diseases.

Kaya asked about the kind of relationship between supply
and demand used in the model. Bojanczyk replied that this re-
lationship is not easily visible in the model.

Peschel asked whether preventive medicine is explicitly
recognized in the model, and what happens if the planning pro-
cedure used in the model requires a fluctuating amount of
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resources, e.g. doctors. Bojanczyk replied that the inclusion
of preventive medicine will be implemented socon and that the
number of doctors is determined by the input of new doctors and
the retirement of old.

Karlgvist stressed the difficulty of defining demand for
health care in an appropriate way; it is well-known that an in-
crease in health care may result in an increased demand for it.
Questioned by McLean, Bojanczyk replied that with regard to the
incidence of particular diseases, the population was not sub-
divided by sex.

Herrera pointed to the danger of a strictly economic goal
function. Carried to the extreme, such a goal function might
mean that if the cost of maintaining somebody alive were higher
than the cost of someone else coming into the world, one should
let him die. The social objectives of any model should be ex-
plicitly stated before the formulation of the goal function.

He wondered about the objectives of the health care model and

the education model. If, as is being stated, quality should not
be sacrificed to quantity, this might be to the detriment of the
right of any human for education, unless education were consider-
ed only an input to the productive system. Rokicki replied that
the goal "quality goes before quantity"” does not apply to primary
school, which is compulsory. But the formulation of the objec-
tive function is quite open.

Mottek clarified that both the consumption function and
the investment function of education must be considered. 1If,
as in Poland, ten years of education are compulsory, this corre-
sponds to the "right for education".

Lord Kennet asked to what extent the system of norms and
values underlying the model had been formalized or, at least,
made explicit. Kulikowski replied that the model was started
four years ago trying to map the relationships in Poland to the
best of the modellers' knowledge. He agreed that it would be
important to investigate more thoroughly the correspondence
between the model and the system of values in socialist coun-
tries as stated by expert authors.

Richardson asked for which parts of the model programs are
actually running and which results the authors would judge to
be of greatest importance. Kulikowski replied that for all
parts of the model displayed during the Conference working com-
puter programs exist, with different degrees of accuracy. The
second question is not as easy to answer as all results are
being given to the sponsors; it is up to them to decide what
use to make of them. But the work has certainly contributed
(and the continuation of the work should further contribute) to
a better understanding of the underlying relationships. Global
or national modelling is a long process of approximations to a
constantly changing reality; this work is only a step in this
development.
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Gelovani wondered to what extent it is justified to use
Cobb-Douglas functions in education or health systems that are
more oriented toward social than toward economic goals.
M'Pherson added that MRI seems to reflect the same economic
principles as SARUM. Panov stressed that it is necessary to
distinguish between classical methods developed by econometrics
and mathematical programming, and by different economic systems.
If one uses these classical methods within a socialist economy,
one must be aware that they are not fully capable of describing
the system. Gelovani added that such methods should be used
only within the framework given by the system. Keyzer said that
it is interesting to see that in the MRI production takes place
without externalities so that a competitive market could realize
the same allocations as the government does. The problem is of
course that competitive markets do not exist. But in a modell-
ing sense the simplifying assumption of perfect knowledge in
planning comes very close to the assumption of perfect competi-
tion as many economists have shown. Kulikowski replied that the
main concern of MRI was an efficient allocation of resources
within a planned economy.

Mottek underlined again that maximization of GNP does not
correctly reflect the goals of a socialist economy, goals that
include job safety, social relations, and other aspects that
cannot be accounted for in GNP. But this could, in principle,
be handled by poly-optimization.

Lord Kennet stated that SARUM had been characterized to be
demand driven; what might be considered the dominant facteor. in
MRI? Kulikowski replied that they had been trying to incorporate
the factors determining demand to the best of present-day know-
ledge, in awareness of the shortcomings of such an approach.

McLean came back to the question of applying optimization
criteria in an education model--if properly disaggregated, the
model might yield the result that all students of humanities
should take up control engineering instead. Kulikowski admitted
that supply and demand, in the education model, do not fit. The
main problem in "optimizing" an educational model, however, lies
elsewhere: because of the long time spans involved to train any
specialist, the demand for different professions in different
years should be known well ahead of time.

Panov stressed that the optimization criteria used are use-
ful also in an additional way: they allow one to assess how
much it costs not to stick to them, but to follow a different
social policy instead. Kulikowski agreed and added that the
purpose of the model was to help the planner, not to replace
him--if economic efficiency were the only goal, no planners or
decision makers would be needed.

Parikh outlined that the main difference between SARUM and
MRI seemed to be the way in which savings decisions are taken.
For the rest, both models aim at maximizing consumption, within
the frame given by prices and by income.



EVALUATION OF THE SARU WORLD MODELS
J. A. Clark, J. M. McLean and P. Shepherd

INTRODUCTION

Since January 1976 the Science Policy Research Unit has been
engaged in an evaluation of the world models being developed by
SARU. The project has been split into two phases, each of six
months duration. The model as presented to us was a simplified
version of the full three-stratum model constructed by the Systems
Analysis Research Unit (SARU), involving a single economic stra-
tum interacting with a "world shop" treated in a very simple man-
ner. The data provided were to a large extent hypothetical.

Unfortunately, there are no means by which the validity or
usefulness of a model of this type can be established in any ab-
solute sense. "Laws" of economic and social behaviour are not
only more difficult to establish than those of natural science
(where, for example, the possibility of verification through
experimentation exists), nor can they necessarily be considered
"immutable", i.e. expected to hold in all societies and at all
times in the foreseeable future.

The model is essentially "descriptive" rather than "prescrip-
tive"; a number of mechanisms, based on economic theory and em-
pirical data, have been chosen which interact dynamically to pro-
vide a description of the temporal evolution of the world system.

Perhaps the only "objective" assessment of the model one
can make concerns its internal consistency. The adequacy of the
philosophical and theoretical basis of the model, and the choice
of representations, inevitably have a high subjective component.
Even in sensitivity testing, i.e. the determination of the effect
on output of changes in input, conclusions are dependent on how
much uncertainty in input values is regarded as "reasonable", and
on how much variation in output is thought to be "tolerable".
Even high sensitivity is not necessarily a bad thing; while it
reduces the confidence one may have in implementing certain policy
choices suggested by the model, it may indicate that the world is
in reality highly sensitive to such choices.

In addition to investigating the general philosophical and
theoretical basis of the model, and the particular representations
used, we have attempted to ascertain the structure of the model
in terms of the strength of the relationships operating between
pairs of variables and the feedback processes operating within
it. These properties, while rarely considered explicitly when
a model is under construction, are critical to its operation and
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form a very useful alternative perspective from which it can be
viewed. We have used the results obtained from this "structural
analysis" work first to derive some further insight into the
reasons why the model functions as it does, and secondly to sug-
gest some experimental computer runs that could usefully be per-
formed to gain further information about it.

In this paper we present only some general remarks on the
model and some results obtained from the structural analysis
work. In the course of our work, we have also carried out a
number of runs designed to test the sensitivity of the model to
changes in structure and parameters; however, many of the results
concern very specific points not relevant to the version of the
model as presented at this conference, so we largely confine our-
selves here to general observations.

GENERAIL: REMARKS

The position adopted by the SARU team is that of neoclassical
economic theory; no account is taken of differences in sociopolit-
ical organization between different regions, it being argued that
all economies operate according to the same rules whatever their
ostensible philosophical or ideological differences may be. Only
in trade between regions is a distortion of the free-market mech-
anism explicitly introduced.

The important question is whether the present structure is
"adequate" for a basic core model. 1In particular:

(a) Are real-world deviations from the mechanisms described
sufficiently small to be described as "perturbations",
with reference to the kind of answers required from
the model?

(b) 1Is the model structure flexible enough to incorporate
deviations that cannot be so described, or does the
structure assumed inherently constrain the output
characteristics to an unacceptable degree?

(c) Even if the mechanisms described do not reflect real-
world behaviour, does their use still provide a useful
aid? For example, if the way stocks and prices are
represented does not accurately describe the instru-
ment for equating demand and supply, are they still
useful constructs for simulating the link?

With reference to (a), there is nothing smooth about the
historical development path traced by individual economies; wars,
depressions, cartel action by producers, and withdrawal of labour
by trade unions are examples of "disruptions" arising from a
breakdown of some sort in the operation of a perfect free market.
It can be argued that many such occurrences are short-term in
nature and need not be included in a model designed to examine
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long-term trends. However, some distortions from a smooth neo-
classical growth path cannot be considered in this way. Indeed,
it is reaily the deviations from this picture that one is inter-
ested in; if the world did proceed in this way, and was expected
to continue to do so, there would be little reason for concern
or interest in the future. The immediate question, posed in (b)
above, is whether the model provides a useful basis for investi-
gation of the effects of these deviations. The SARU group have
anticipated one such problem in the concept of stock- and flow-
limited sectors, with the possibility of supply constraints on
raw materials. Others can be introduced by simulating real-world
events by exogenous amendment of certain relationships.

Applicability of the Model

The main focus intended for the model is food and agriculture.
This is a good choice, first because of its importance to mankind
and also because depletion effects are more readily modelled for
this sector than for any other. Comparatively reliable data exist
for potential arable land and costs of land development; far less
is known about raw material or fossil fuel reserves. The situ-
ation for the latter examples is also complicated by the large
number of potential substitutes available, which would each re-
quire a separate sector and about which few data exist. The
model is constructed in a way that ensures a fair degree of "flex-
ibility" in that, for example, the level of aggregation can be
changed and extra subsectors added for particular purposes.
Nevertheless, the neoclassical structure assumed does appear to
prohibit experimentation with certain actual or potential real-
world phenomena, a situation we would regard as inevitable given
that no theory has an infinitely broad domain of applicability.
Direct interference with the price mechanism, for example, leads
to apparently unreasonable results, and price changes can only
be invoked indirectly by changing, for example, the output or
demand functions. As we have implied under (c) in our list of
assessment criteria, this need not be a problem in itself but
does, in our view, restrict somewhat the range of scenarios that
could be generated with the model in its present form.

Similarly, it seems unlikely that the present structure
would permit testing of a price policy such as the common agri-
cultural policy (CAP). It is worthy of note that governments
in nearly all developed countries appear to consider an agricul-
tural policy of some kind as a necessity, so provision for such
a policy to be applied exogenously would be of value.

Treatment of Uncertainty

Uncertainty about the future can be considered to be of two
main types: first, that deriving from lack of knowledge of cause-
effect relationships and from imprecise data; secondly, that
caused by decisions taken by actors in the system which seem
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inherently impossible to forecast. An example of the former is
the quantity of fossil fuels economically recoverable from the
earth. An example of the latter is the possible change in con-
sumer spending patterns as values change.

If the uncertainty in either of these categories is consid-
ered to be too great to be realistically related to other specific
model variables it can be specified exogenously to give one par-
ticular "scenario" for the future. In our version of the SARU
model, population growth and technology can be treated in this
way. Utility curves can also be easily amended if required, to
represent changes in spending patterns from those suggested by
historical data. Of course, the form of any of the other re-
lationships can be changed, but by treating a variable as endog-
enous the assumption is made that it can be meaningfully related
dynamically to other variables.

Theoretical or empirical support is provided for all the re-
lationships used in the model, and this represents a substantial
advance over the early work of Forrester and Meadows. Whether
this support is "sufficient” to justify endogenous treatment de-
pends on the nature and accuracy of the output required and the
sensitivity of the model to changes in the assumed structure.
Related to this is the fact that it may be useful to treat cer-
tain variables exogenously so that policy options can be simu-
lated. Some, such as foreign aid, have been mentioned by SARU
but are not included in our version of the model; if required,
specification of some others may require modifications to be
made to model mechanisms. For example, the fact that the main
inputs to the agricultural system are being modelled optimally
precludes exogenous choice between investment in irrigation or
fertilizer (this mechanism is not incorporated in the version of
the model we have tested).

In the model, population growth is treated exogenously. In-
come and income distribution are widely thought to affect fertil-
ity. While we tend to agree that causal models representing pop-
ulation variation are unsatisfactory, we would hope that the work
SARU have performed on the relationship between food intake and
mortality could be introduced to provide feedback between the
food sector and death rate, we also suggest that the population
variable be disaggregated in order that the strong dependence of
food requirements on age could be incorporated. The influence
of population growth on economic evolution, and the reverse in-
fluence, constitutes a major area of debate--perhaps the single
greatest area of differing philosophy between futures research-
ers~-and development of the model to allow useful experimentation
on this question would be very valuable.

Dominant Variables

Results of runs we have performed suggest that the overall
behaviour of the model is largely determined by the overall growth



~-367-

parameters (population and technology, including the exponents

of the production function and any depletion mechanism); the
utility curves, and overall growth, determine output from each
sector. Many of the other parameters, such as stocks, serve

the function of ensuring that behaviour is stable and "realistic".

Overall Growth Parameters

It is clear that population and technology are extremely
important to model evolution. With no depletion effects, and
assuming equilibrium growth, the Cobb-Douglas function gives
qg = m(2-1) + £, where g, m and % are growth rates in output,
technology, and labour, respectively, and A is the exponent of
capital. Por a "Malthusian" outcome, with population growing
more rapidly than output, this gives m(%-1) <0, or m negative.
Now the depletion functions used in the model have the effect
of increasing the capital and labour input per unit of output,
i.e. they represent an exact equivalent to a negative rate of
technological growth. Thus a Malthusian outcome occurs if the
depletion functions become more significant than those represent-
ing technological improvement.

Utility Curves

The demand side is highly dependent on the shape of the
utility curves, giving the distribution of consumption between
sectors and hence influencing the relative investment allocated
to them. In our version of the model, which did not include
irrigation sectors and hence could not incorporate depletion
effects in agriculture, these curves were completely dominant
in determining consumption patterns. The adjustment in these
patterns incurred by the mechanism incorporating changes in rel-
ative prices had a very small effect. Given the difficulties
involved in deriving price elasticities and other problems arising
through their use, the inclusion of the price effect mechanism
may not be justified for some purposes.

Input-Output Coefficients

In the model, input-output coefficients are taken as constant
except in the case of fertilizers and in depleting sectors. For
the latter, it is assumed that the coefficient will increase as
depletion effects--negative technology--become significant. While
it is extremely difficult to relate possible future reduction in
the coefficients in sectors subject to technical improvements this
does seem to represent a pessimistic bias. Runs we have performed
illustrate the sensitivity of results to assumed reductions in the
value of the coefficients, a sensitivity compounded by "multi-
plier" effects.
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For the basic input-output data, representative countries
or regions in each stratum have been chosen. We appreciate that
the scarcity of data is often severe, particularly in developing
countries, but it would be useful if one of two other countries
or regions in the strata 2 and 3 could be selected at random and
compared with that chosen to give some measure of confidence that
the selected subregion is indeed "typical".

Overall, we consider that the model represents as coherent
and consistant a statement of the neoclassical world view as we
have seen; the structure and calibration of the model have been
carried out with care and obvious expertise. We think that it
will provide a useful and stimulating input to the field of
futures research and think the project is eminently worth while.
The problems that SARU are analysing are profoundly important
and the fact that the task is difficult should not deter the
effort, which we fully expect to yield valuable insights, par-
ticularly into the effects of physical resource depletion and
substitution between alternatives.

STRUCTURAL ANALYSIS

We feel that one of the most satisfactory features of the
SARUM project has been the extent to which the constructors of
the model have themselves experimented with the model structure.
The SARU team have performed and reported the results of a wide
range of sensitivity analyses, and devoted a great deal of time
to the testing and evaluation of their model. 1In order to com-
plement the analysis already performed we decided to apply some
techniques for the analysis of system structure developed at the
Science Policy Research Unit (SPRU) to the SARU model as a major
part of our overall evaluation.

The motivation for analysing the structural features of a
model is to help provide an interpretation of behaviour from a
viewpoint distinct from that obtained by the study of individual
relationships. 1In particular, it is designed to indicate the
major "driving" mechanisms of a model, to assess its feedback
loop structure, and to explain its behaviour under the influence
of exogenously applied changes of various kinds. It is hoped
that this will provide insights that will enable the modellers
better to understand model operation and, if appropriate, to
change the structure.

Technical Discussion

The first stage in our systematic analysis of SARUM was to
derive automatically an interaction matrix providing a linear
representation of the state of the model at a particular time
period during a run. The computer program designed for this
purpose (AUTO) was implemented and this task was satisfactorily
completed. The procedure is described below:
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Consider a typical equation of a dynamic simulation model
(DSM) that contains statements about the effect that the variables
B,C,D, and E have upon variable A:

A =B*C+D*E

This can be represented in the following notation:

B > A cC~»>A D> A and E-»+A ,

where B + A signifies that B affects A or alternatively that the
value of A is partly determined by B.

For a complete set of equations the relations implied will
define a graph (Figure 1). For non-~trivial models this graph
will have structural features that can form the basis for analy-
sis and comment. It is possible to quantify the "effect" that
one variable is having or could have upon another. We define
this "effect" as the strength of the relation.

Figure 1.
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The strength of the relation B + A is given by:

2A

S = .
>

B A 9B

The physical interpretation is that, if B were to increase
by AB, then the resultant change in A would be

AA = AB S .
B > A

The partial derivative can be determined by a numerical approx-
imation. If

y = f(x)
y + Ay = £({x + Ax) ’
then Ay - f(x + Ax) -y ; (1)
Ax Ax

. Ay qy
if Ax -+ 0 ’ then AX+K .

This procedure can be implemented on the computer by manipulating
the original function into the form of (1) and evaluating this
expression at a particular point in model time. In general the
model under study will be non-linear and an estimate of the range
of validity of this numerical approximation could be made by eval-
uation of the second derivative in a similar manner. A more
satisfactory test of the numerical accuracy of the results can

be obtained by using the linear system as a dynamic model, as
described later, and comparing the results obtained with those

of the original model.

The next stage in our analysis was to identify the complete
set of feedback loops contained in the matrix and thus determine
the dominant feedback structure of the model. Our first attempts
to do so revealed that the interaction matrix, and thus the model
it represents, contains a surprisingly large number of feedback
loops. Indeed the model contains so many loops that a one-hour
run of our algorithm, on the ICL 1906A of the SRC ATLAS Labora-
tory, detected 200,000 loops; the program indicated that the
search had not been completed, and on inspection the first 12
variables of each of the 200,000 loops were found to be identical.
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At this point we realized that a full feedback analysis of
SARUM was not feasible unless the speed of our algorithm was
increased. We were a little deterred by the fact that the method
we were using at the time, due to Syslo, was claimed to be, in
theory, the most efficient for the purpose. Nevertheless, we
rewrote the algorithm starting from first principles and dis-
covered that our new version was approximately three times faster
than that we had been using previously. We applied our new algo-
rithm to the 10-sector interaction matrix and a one~hour run sim-
ilar to that described above detected approximately 600,000 feed-
back loops again indicating that the search had not been completed.
Unfortunately, even in this case, the first 10 variables on each
of the loops were found to be identical which suggested that even
this rather extensive search had not progressed far through the
structure of the model.

Thus, it appeared that a full search for all the feedback
loops contained in the interaction matrix of the 10-sector model
was not feasible within the time-scale of the first phase of this
research project. We accordingly transferred our attention to
the 2-sector version of the model. We felt that this considerably
simplified version of the model would embody most of the signifi-
cant structural features to be found in the more sophisticated
version. In particular the feedback structure of the two ver-
sions would show a close correspondence. This viewpoint was sup-
ported by the fact that the feedback loops discussed in the SARU
model description as presented to us relate exclusively to feed-
back processes contained within a single sector.

It was a relatively simple process to repeat the automatic
interaction-matrix-generating procedure (AUTO) in conjunction
with the 2-sector data set. The resulting interaction matrix
contains 309 relationships linking 152 variables (here vectors
and arrays with different subscripts are treated as separate
variables).

Again we ran our improved feedback algorithm for one hour
in an attempt to list all the feedback loops contained in the
model. This time the program found 542,528 loops but again had
not been able to complete the search in the time available. This
time, however, only the first three variables on each of the loops
remained the same. We were somewhat encouraged by this result
as it suggested that an exhaustive feedback loop search was at
least feasible, if time consuming. We accordingly modified our
algorithm so that it could be set to search through the model
not from the beginning but from a path containing a specified
set of variables. In this way we were able to continue the
search through the model in a series of one-hour computing runs.
(One hour is the maximum practical length of run on the ATLAS
Laboratory computer.) This process has not yet been completed
at the time of writing this report. We were able to estimate,
however, from the runs already completed that the 2-sector model
structure contains approximately 20 million distinct feedback
loops. However, this number can be lowered considerably by
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reducing and simplifying a linearized form of the model, as des-
cribed below. We have been able to show that such a simplified
linear model is capable of reproducing the output characteristics
of the original model to a good approximation. Further, it ap-
pears to react to perturbations in a very similar way.

By performing the linearization procedure at a set of dis-
tinct time points, a number of linear models can be obtained on
which a sequence of further operations aimed at improving under-
standing of model structure can be performed. This sequence is
summarized in Figure 2 and described below.

SARU model with auxiliary
segments to generate the
“snapshots”

5 full linear models

AGGREGATION

1 aggregated full linear
model

REDUCTION

1 reduced aggregated linear
model

SIMPLIFICATION

1 simplified reduced aggregated
linear modet

Figure 2. Flow chart of production of the linear model.
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Reduction of the Model

When a structural model is derived from the DSM in the above
manner all the variables (auxiliary, rates, and levels) will be
present. In the introduction it was stated that the behaviour of
the model can be retained by reducing the model to a set of levels
for a discrete system.

In graphical form this corresponds to the following opera-
tions:

(1) replacing 2 paths in series:

O——O——0O

by one and therefore losing the intermediate variable:

OO

(2) replacing 2 paths in parallel:

This process enables all intermediate variables present in
a model structure to be systematically deleted. Removal of any
variable will change the structure to a certain degree, the
change being dependent on the relationships that involve the
removed variables and the features of the structure under study.
By removing variables (or nodes) from the graph fine detail is
lost in explicit form, but retained implicitly; this may be
acceptable and, for large models, even desirable.

By using the FORTRAN version of SARUM with the base run of
the 2 sector (1 stratum) data set, five structural "snapshots"
were produced between the years 10 and 50 at 10 year intervals.
These five models, each containing the full set of about 170
variables, were then reduced onto each of three distinct variable
sets, containing respectively the following {(as designated in
the FORTRAN listing):
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(1) *POPO TOTLAB EMPI E EPC
*GR PCI AVR *DEBT *CUMD
*CALS *AL (1) *AL (2) *CO (1) *CO(2)
*CSTP (1) *CSTP(2) *ETA(1) *ETA(2) *EXR
*GROW(1) *GROW(2) *S0(1) *¥S0(2) *WSM (1)
*WSM(2)

where an asterisk denotes a state variable.
(2) State variables and Q(1), Q(2) E VIN.

(3) State variables only.

Aggregation

Having obtained the linear models by using the three alter-
native variable sets at five different time points, we decided
to produce a single model from a combination of the "snapshots"
with the hope that this "aggregate" model would reproduce the
behaviour of the original non-linear model more closely. If
the system interaction matrices for the "snapshots" are

A1,A2,A3,...,Ak ’

the elements of the aggregate system interaction matrix are de-
fined as:

which is the geometric mean of the corresponding elements of the
matrices.

At this point we can compare the behaviour of the aggregate
reduced linear model (ARL) with that of the full non-linear
FORTRAN model. The equation used to run the ARL model is:

x(t + DT) = x(t) + g(x(t) ~ x(t - DT))

where the x(t) are set to the values of the variables given by
the FORTRAN model at time 10.0 + DT and the x(t - DT) are equated
to the values of the variables at time 10.0 (DT = 1/6 year).
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Table 1 contains the values (which have been scaled for
ease of comparison) of the linear model containing the set of
variables (1) above compared to the original FORTRAN model.
These values are shown at time = 10 (the start of the run) time
= 30 and time = 50 (the end of the run). The derivation of the
values appearing in the last two columns is discussed later.

Table 1.
ey | e

T=10 30 50 30 50 30 50
E 83 163 306 176 301 170 293
AL (1) 95 133 183 136 176 132 168
AL(2) 649 781 939 768 911 739 828
co(l) 117 288 629 330 648 317 609
co(2) 25 54 105 58 109 54 103
CSTP(1) | 881 821 837 814 822 806 806
CSTP(2) | 101 10l 101 lol 98 100 95
ETA (1) 107 135 154 137 154 139 164
ETA (2) 893 865 846 863 846 865 851
GROW(1l) | 113 145 186 145 186 145 186
GROW(2) | 113 145 186 145 186 145 186
POPO 200 244 298 244 298 244 298
50(1) 243 464 864 507 865 459 784
50(2) 68 133 250 145 256 137 238
WsM(1) 220 449 855 500 846 441 752
WSM(2) 66 128 241 138 244 129 220
TOTLAB 743 912 |1120 903 1090 870 994
EPC 42 67 103 68 104 65 101
PCI 213 218 233 223 213 229 217
CUMD 41 76 131 96 169 90 150

Table 2 shows similar data for the linear model containing
variable set (2); as can be seen, the values obtained for vari-
ables common to both linear models are very close indeed, and
show good agreement with those obtained from the original non-
linear model. Table 2 also shows the values at year T = 50 given
by the "snapshot" models from which the aggregate reduced model
was derived.
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Table 2.
- Aggregate "Snapshot" Taken at Time

Original Reduced

Model Model

(r=50) (-1(-21;2; 10 20 30 40 50
E 306 300 237 265 300 342 395
AL(1) 183 175 150 166 177 187 197
AL (2) 939 913 921 916 912 908 901
Co(1) 629 641 446 529 638 791 lol0
Co (2) 105 109 85 926 109 125 147
CSTP (1) 837 824 836 830 826 822 818
CSTP(2) 101 98 96 97 98 99 99
ETA (1) 154 154 142 151 155 157 158
ETA(2) 846 847 858 849 845 843 841
GROW (1) 186 186 186 186 186 186 186
GROW (2) 186 186 186 186 186 186 186
POPO 298 298 298 298 298 298 298
SO (1) 864 863 675 756 857 989 1160
S0(2) 250 255 204 228 256 290 333
WSM(1) 855 843 622 726 843 995 1190
WSM(2) 241 243 197 218 243 274 313
VIN 685 654 462 547 653 791 974
Q(1) 977 923 672 790 926 1100 1310
Q(2) 274 268 214 238 268 304 349
CUMD 131 168 129 147 169 194 226

Very similar results were also obtained from the linear
model comprising state variables only. In Figure 3 (A and B)
the derivations of the values obtained in this model from those
in the non-linear model are plotted as a function of time. 1In
Figure 4 the evolution of variables CO(1) and CO(2) are each
compared in the two models, to show that agreement is in fact
close even for those variables that a superficial inspection of
Figure 3 would suggest do not match well.
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Comparison of CO(2) in the linear and FORTRAN models
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Figure 4.
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Simplification

The system interaction matrix A determines the behaviour or
trajectory of the state variables. Many state variables are de-
termined by groups of other state variables; for the ith variable,
the equation above can be written:

n
x; (t + DT) = x,(t) + j£1 a, (xj(t) - xj(t - DT)

Now, if one element in the summation is small compared with
the others, the aij may be set to zero and the trajectory of Xy

only marginally changed. Physically we are deleting relations
that have little importance in determining model behaviour. This
may allow, for example, the system to be decomposed into sub-
systems or a hierarchy more easily. The validity of the simpli-
fication may be checked by running the simplified model as before
and noting the differences introduced.

Table 3 indicates the quantities aij(xj(t) - xj(t - DT))

where CO(1) has been selected as the variable j and the rows i
are labelled by the variables that directly affect it. The
matrix as used for the different time columns is the reduced
linear model for that time point. As can be seen, the main de-
terminant of CO(1) is itself (this is because of the "self loop"
term). There are numerous criteria that could be adopted for
deleting relations with no significant effect on CO(1) (two ob-
vious candidates are CSTP(2) and EXR) or for deleting two re-
lations whose effects on CO(1) balance or nearly balance each
other out (GROW(1) and GROW(2)). The general rule adopted in
this case has been to delete a relation if all the entries in
the row (for that relation) are less than 0.1% of the largest
entry in the corresponding column; this is equivalent to deleting
a relation if, for the whole time period, at least one other
variable has more than 1000 times the effect of the variable
under consideration.

This procedure requires modification in some cases. Consider
the hypothetical column:

A 1000
B -1000.01

C 0.99

Clearly C is a candidate for deletion on the 0.1% criterion.



-380-

Table 3. aij(xj(t) - xj(t -~ DT)) for the five "snapshots"
- showing all variables affecting CO(1).
T = 10 20 30 40 50
E 11.45 14.62 20.18 29.17 43.41
*EPC 1.662 2.497 3.999 6.663 11.35
*AVR ~-1.125 -2.134 -2.619 -3.496 -5.266
*AT, (1) 6.147 7.820 11.34 17.19 26.74
*AL(2) -2,592 -3.243 -4.815 -7.291 -11.12
Cco (1) 1152. 1364 1870 2737 4130.
*CO(2) -1.870 -1.901 -1.938 -2.013 -1.921
*CSTP (1) -5.842 -3.046 -3.646 2.336 5.565
*CSTP (2) -.1584 -.1438 .1956 . 5401 .9632
*EXR o) o] o] o] o]
*GROW (1) 4,953 7.150 10.50 15.71 23.88
*GROW (2) -5.203 -7.266 -10.68 -16.08 ~24.62
S0(1) -24.66 -28.82 -40.96 -60.94 -92.09
S0(2) 29.19 45,37 62.14 87.83 128.3
WSM(1) 27.38 31.71 43.22 62.69 93.64
WSM(2) -27.96 -43.99 -61.15 -87.15 -127.8
EXR is constant for the run
However, if this rule were followed, instead of a change* of
1000 - 1000.01 + 0.99 0.98
the change would be
1000 - 1000.01 0.01

which is very different.

It would be better to delete the other

two on the basis that they balance each other.

The relations marked with an asterisk in Table 3 are those
that may be deleted without significantly altering the trajectory

*jgnoring the units and the time period during which that change

occurs
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of CO(1). When the same simplification rule was applied to the
other 25 variables, a total of 77 relations were deleted. These
deletions gave a simplified aggregate reduced linear (SARL) model,
which was run in the same manner as the ARL model, with results

as shown in Table 1. At first it may seem strange that certain
variables track with the original FORTRAN model variables better
than the ARL model (CO(1) and C0O(2) for example). In fact this

is to be expected; the ARL model had slight errors that may have
been reduced or increased by the simplification process. If the
problem of "balancing" relations is ignored then the simplifica-
tion procedure can be made fully automatic. A computer program
was written that simply deleted any relation according to the
0.1% criterion outlined above. This program was used to create
the simplified version of the linear model containing variable
set (2) which formed the basis for discussion in our final report
to SARU.

SUMMARY

A set of reduced aggregate linear models have been produced
that closely follow the behaviour of the original non-linear SARU
model. Thus non-linearities appear not to be important over the
range considered. The SARL models were derived from the model

structure, not from the data or output. (The ability of the
linear models to duplicate other behaviour modes is discussed
elsewhere.) By using the same technique of generating an inter-

action matrix containing partial derivatives, a non-linear model
could have been obtained.

The linearization procedure, while aiding considerably the
analysis and interpretation of the feedback loop structure of
the model, can also very readily provide direct information on
model dynamics. For example, both Professor Rademaker and our-
selves have shown that the reason for the exponential growth
pattern produced in the early period of the "standard run" of
Forrester's world model was not, as is commonly assumed, due to
the structure of the population subsystem. The latter is in
fact intrinsically stable, as can be seen from the corresponding
diagonal element and the interaction matrix; the only unstable
subsystem is capital investment, which is thus the driving force
of growth in the model.

As shown above, no such "unexpected" mechanisms are present
in the SARU model; all state variables {except population and
technology, the "exogenous" driving variables) are intrinsically
stable. The values of the interaction matrix coefficients, how-
ever, yield information on the response of the system to exter-
nally applied perturbations, and allow estimates to be made of
the relative significance of feedback loops in the model.

Space, unfortunately, does not permit us to present here
the details of our comprehensive analysis of the linear model
whose production was described above. Readers are referred to
our final project report to SARU.
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DISCUSSION

Richardson claimed that the policy maker might ask two ques-
tions: one, as to a simplified and more comprehensible underlying
structure of the model, and a second one concerning the validity,
whether the model structure is a reasonable representation of
reality. Has the Sussex group made an analysis of the validity
of SARUM? McLean replied that a "structural analysis" cannot be
claimed to test the adequacy of the model too well. The main
emphasis of their work was a better understanding of the model
as such.

Burke, seconded by M'Pherson, pointed out that linearization
of a model is not unique, so it is dubious to what extent one may
draw conclusions from a linearized model to the general nonlinear
form. McLean replied that, for certain investigations, local
linearization will reproduce the model sufficiently well.

Osterrieth wondered whether the methodology applied by SPRU
can be applied in case of discontinuity caused by changes in con-
straints. McLean replied that, due to limited resources, such
discontinuities have not been dealt with so far.

Hopkins raised the general question of how useful the SPRU
technique might be for another model developed by some other
group, or whether the SPRU technique is only applicable for
models of a certain size. McLean replied that the purpose of
the technique is to simplify the complicated structure of a model;
hence, the technique is independent of the model's size.



COMPARISON OF SARUM AND MRI
M. Keyzer

It is very difficult to compare SARUM and MRI which are such
big models without going to the computer and playing around with
them for a while. 8o here I will only say something about the
models from a theoretical point of view, in the way an economist
looks at this kind of work.

Yesterday, Professor M'Pherson referred to the most essential
common theoretical feature of the two models, namely, that both
try to allocate resources in such a way that the consumer is
satisfied. 1In the MRI model, the government can limit this
with what may be called "social restrictions", but if one looks
only at the mathematical structure, they are comparable. As
soon as one looks deeper, the models are not comparable at all.
I have a general criticism about both papers which is that,
while the assumptions are stated very explicitly and with great
modesty, the difference between practical assumptions and des-
criptive assumptions is not always clear. All assumptions are
presented as being descriptive while after the discussions and
after having read the whole paper, one finds that many of them
are really of a practical nature. An example in the SARU model
is the heaps with the stock mutations.

I realize that to do Monte Carlo simulations with the model
and to run it often, if you have such a big model you do not
want a simultaneous system, but a simple recursive form; this
is quite legitimate. But it should not be brought forward under
the cover of disequilibrium economics as there are much more
acceptable ways of introducing disequilibrium features in models.
If the stocks, to take this as an example, are just adjusted
for the differences between the supply and demand, there is no
net need for change in prices under "perfect" competition.

Under "imperfect" competition there can be a change in price
but then prices are not given for the producers. There are
many such examples. The trade bias matrix in the SARU model
is also not as complete as the economist would like to see.
In the MRI model the relation of the Cobb-Douglas form is not
based on estimation of any elasticity of substitution; it is
just very practical. Again, this is quite legitimate, but it
should be said at the beginning that certain assumptions are
necessary to make the approach feasible. Kulikowski has
promised us that he will introduce constant elasticity of
substitution functions. I can understand that if one keeps
it that way in all sectors, one can realize something, but if
one tried to do it more the way the econometrician would like

383
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one would get in more trouble—perhaps one would not get any
result at all. To summarize this first point, it would have
been easier if the practical assumptions had been separated
better from the really descriptive assumptions.

This brings me to a description of the methodologies of
both projects. Mr. Roberts has said the SARUM project started
from criticism of the Meadows and Forester work--especially
the criticism on the part of the economists that the resource
allocation mechanisms in the Meadows model were not good, so
that the system was insufficiently adaptive. Another criticism
was with the level of aggregation both in regions and in commod-
ities, and the SARUM group have tried to overcome these short-
comings, and, I think, succeeded. A second line of criticism
from economists was hardly expressed because it was expressed
by silence. The "establishment” in the economic profession
(Nordhaus is an exception) has hardly given any open reaction
to what has been done by the system dynamics people. I can
only guess the reasons for this because they were not expressed.
But from discussions I have had with economists I conclude
that there is a combination of profound contempt and jealousy.
There have been all kinds of scientists, engineers, mathemati-
cians, people not trained in the social sciences, who have just
entered the field and have not bothered about discussions,
controversies, and problems that have been discussed for years
in the economic profession. They just followed their intuition
and formulated their models. They disregarded problems with
all kinds of things like aggregation levels, insignificant co-
efficients, etc., and just built the model they wanted to build
or that the policy makers wanted them to build. I felt this
tension when I read the SARUM paper but I think it had already
been felt with the Mesarovic model. This problem should be
expressed because if not you get all kinds of antagonistic
feelings developing. When I read the paper on the SARUM model
I had the feeling that the authors have really succeeded in
building the model they wanted to build, with certain aggrega-
tion levels, incorporating all sectors, etc. And it makes the
econometrician who is bothering with solutions of simultaneous
equations, optimization problems, etc., feel jealous. The
others just say that they are not considering simultaneity
and the like. They concentrate fully on their flow charts and
discuss them with everybody; after a while everybody agrees
with those flow charts. The most serious disadvantage when
building a model in an econometric fashion is that one spends
one sixth of the time on theory and model development, and the
rest with technicalities. One has little time to think of the
relative problem so one feels jealous. On the other hand when
one looks at the final result the jealousy is over and the old
trail becomes appealing again. Let us consider a model where
a good historical fit has been reached at the expense of many
degrees of freedom and where there has been no test of signifi-
cance. A very complex sensitivity analysis performed afterwards
does not mean very much when neither the empirical relevance
nor the theoretical consistency of the model have been checked.
The economic profession will not be able to build a world model
for many many years, if at all, according to its own criteria.
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In the MRI model the situation is substantially different
because here we have a strict, basically very simple, but
powerful structure that achieves full consistency between all
sectors in the economy. In the MRI approach one can satisfy
all the balance equations, but again I have problems with the
empirical relevance of the model. I had the impression that
it is somewhat too idealized-—-just like if one were to assume
"perfect" competition in market economy. I know that Kulikowski
and his colleagues are aware of this. I am just saying that
uncertainty and imperfect knowledge were not introduced into
the model so that hardly any social restrictions on policy were
represented. The model by itself has potential but it should
try to introduce more imperfections. It has succeeded in
achieving a balance between centrally planned producer decisions
and the consumer. Although not proved in the paper that the
equilibrium will always exist, I think it is easy to show that
there is an equilibrium inherent in this kind of a structure.

I doubt whether the equilibrium will always exist especially
if one introduces the kinds of problems mentioned.

Why is modelling not done by economists? Why is it done
by control scientists? The optimization part of the work should
be done at least with the help of control scientists but, certain-
ly in the Netherlands, the behavioral description of producer,
consumer, and government is traditionally the field of the
economist. I think that if an economist tried to describe the
production structure of his country, he would start with more
general production functions and only slightly restrict them
in order to satisfy certain conditions for good behavior. He
would not decide on a complete specification before having
really reached the empirical level and he would then estimate
general functions lest the significance of the parameters
meant introducing all kinds of lags. Some coefficients he
would want to be significant would not be nicely structured
and the model would not work. That is why it is good if some
fresh contributions from outside are given here to show that
if you do not care about empirical tests, you can formulate a
structure that leads to interesting results.

To give another example of the difference in approach:
an economist would never analyze optimal population policy
before having analyzed whether there are externalities in the
economy and whether there are congestional or depletional
effects. One can get nothing more than an optimum population
structure, and not for a very long run analysis, because one
cannot just for the sake of an optimum population structure go
on with population growth forever. The economist would not
have an answer for these questions. What economist could
really say what the externalities are? So I am not saying
that the economist would have a better answer. If the policy
makers asked him, he would say "if you have very strong deple-~
tion effects you should not stimulate population growth; other-
wise you should." And this is why I say that as an economist
I do not know exactly how to react to this kind of work. I am
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taking the position of the economist because I know very well
that sociologists and biologists take exactly the same kind of
position towards economists as economists do towards engineers.
The psychologists find our production functions far too simple;
labor productivity is not a technical coefficient; it is a
behavioral relation and one should perform all kinds of studies
on motivation, etc. to understand it. I think that the first
stage to contributing to the global modelling field should be
from the economist. I do not say that it will be the most
relevant one. It is just that in the global modelling field
and at IIASA in general, the way systems analysis is discussed
leaves the economist with the kind of problem I have described.

DISCUSSION

Pestel asked where, in the distinction between the econ-
omist's and the control engineer's view, the systems analyst
finds his place. Roberts commented that his group, in their
work, at least subjectively was trying to apply as much economic
thinking as seemed appropriate. But economic thinking alone
does not suffice; they have tried to have as much dialogue
between disciplines as possible. M'Pherson pointed out that
the real difference lies in the attitude toward the problem-
atique; whereas economists, aware of all the shortcomings
of their theories, are hesitant to build general models, control
engineers tend to say that the problematique must be solved,
albeit with crude tools.

Bruckmann warned against too much generalization; what
is being said about "economists" should rather be said about
"a substantial part of traditionally trained economists".

Herrera stressed the difference between interdisciplinary
collaboration and real interdisciplinary research, which re-
quires one to spend an entire first phase on learning to under-
stand each other before any fruitful work can begin.

Parikh added a word of caution about the control engineer's
approach. 1If, as it is being claimed, the man with a bicycle
gets ahead faster than the driver of a car caught in a traffic-
jam, it is because the bicyclist has a pre-fixed vision of his
goal. The control engineer may be in danger of picking just
those tools from other disciplines' toolchests that he needs
in order to arrive at goals he may have decided upon before
starting his work. There is a further difference: in engineer-
ing work, there is an immediate feedback--a poorly designed
machine will not run. But how can the control engineer who
has built a long-term global model be judged? Hence, some of
the economist's caution ought to be applied.

Kulikowski added that his group had found it most fruitful
to have engineers and economists work together.



COMMENTS ON THE SARU GLOBAL MODEL
M. Slesser

On behalf of the group working on energy and food production
within the Energy Studies Unit at Strathclyde University, I should
like to make a brief comment on the agricultural sector of the
SARU model. Roberts et al. note, in our opinion quite rightly,
that "the constraint on agricultural output is related to the
flux of energy over the input area". The same sentence terminates
with the clause "and efficiency improvement is the crucial aspect
(rather than capital/labour enhancement)".

If efficiency improvement is taken to imply more yield per
unit input (other than solar energy), then it is logical enough
to propose a logistic curve for output per unit area. However,
after three and a half years of study in this field, during which
we have collected data from over two hundred randomly selected
systems of food production throughout the world, we have detected
no evidence to support a logistic curve, at least in terms of
resource input. Our finding has been that the effect of genetic
improvements has generally been to permit the plant to make better
use of higher inputs, rather than yield more per unit input.
Figure 1 shows that over ten orders of magnitude of input inten-
sity, output intensity has followed a law of diminishing return:
the double logarithmic plot a straight line was obtained.
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Vegetable cereal and industrial food production followed

the equation P = 52.5(ES)0'72 , while animal and fish-farm pro-

duction followed P = 8.75(ES)0'63 , where P is the protein yield

in kg/ha year, and ES is the energy subsidy expressed as GJ/ha
year.

A word is necessary to explain energy subsidy. We follow
the rules for energy analysis proposed by International Federation
of Institutes for Advanced Study (IFIAS), whereby an energy analy-
sis is made in terms of the prime energy resource consumed in
order to make available a given good or service at some point in
the economic system. The point we have chosen is the farm gate.
Normally this is called the GER (gross energy requirement) and
is the sum of the prime energy requirement of all the network
inputs to the process of production. We call it energy subsidy,
simply because we regard this energy resource input as a subsidy
to that provided by sunlight.

The area term is obtained by summing all the land required
to produce the final output. For example, a fish farm may yield
20 tons of fish per hectare of pond per year, but the food fed
to the fish may be grown on 200 ha. Together with land require-
ment for industrial inputs, the true area, and the one used in
the calculation will be slightly above 220 ha.

Several points emerge from Figure 1. Firstly, we do not
dispute that in money terms the value of output may often rise
per unit of input. But money also embraces labour costs, and
labour may be used more efficiently in an intensive agricultural
system. Secondly, the import of our plot is that in energy re-
source terms, each doubling of output intensity requires an ap-
proximate tripling of input. Thirdly, it appears virtually im-
possible to intensify animal and fish farm production beyond a
level of around 800 kg/ha year (protein), because at that level
of intensity the bulk of the animal foodstuff is coming from
vegetable and cereal producing systems that use large areas for
production. Finally, the convergence of the animal and vegetable
plots occurs at some production intensity lower than that found
in natural primeval forest. However, our interest is the inten-
sive region.

Finally, even when it is possible to show that genetic im-
provement can give a true increase in output per unit input, such
is only true for a specific subsystem within the whole system.
Our view of the modelling process is that one should look at this
whole system, not the parts, and that rather than synthesize from
the elements upwards in the model's hierarchy, it is better to
devolve downwards. Thus an overall picture such as Figure 1 re-
veals is the one to incorporate into a global model.

One of the duties that falls upon me now is to throw a span-
ner in the works--to use an English metaphor. If the following
comments seem to apply to SARUM rather than to MRI, I think it
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is because SARUM is a global model and MRI is a national model.
The first one is: has a model constructed on this type of basis
really any validity at all beyond the short term? And secondly:
are they using the right unit of account in looking at the future?
The basis of SARUM is the nine conditions expressed in their full
technical report. And every one of the nine conditions are made
to apply to future events, which are gauged by study of past
events calibrated in money terms and extrapolated to the future
as functions of money-based parameters like GNP per capita. I
find it quite impossible to see how one can judge the money price
of an act far into the future. I am not alone in this. If you
travel by air, as most of you do, you will notice that airline
companies no longer publish their fares along with their sched-
ules.

Money is a value judgement, one which we exercise extremely
skillfully in our everyday transactions. But how can we really
attribute a value judgement to something that is fairly far into
the future? This process is handled by the science of economics
which is essentially a behavioural science, for it deals with how
people make choices. A money based allocation mechanism is an
extremely effective way of judging what I shall do with my money
today, but I do not know that one can really make models about
how people will make future choices. Because this is what these
models seem to be trying to do. I seriously question whether a
model using money as a unit of account can have validity for more
than a very short time ahead.

My purpose is to argue, and this fits in remarkably well
with the WELMM approach of the energy group at IIASA, that there
is a case for abandoning money as a unit of account in future
modelling and replacing it with a set of prime resources. They
fall into three quite distinct categories. First of all those
that are finite--stocks if you like. It has been said by several
people that there cannot be any shortage of minerals, because
after all when we make a motor car or a washing machine, we still
have the substances that go to make it. They are not lost. The
quantities of resources in the earth are so vast that the only
question at issue is how dilute the supply will eventually be-
come. And we have some very interesting flux resources, coming
in at virtually a standard rate, like solar energy and rainfall.

Secondly, we have renewable resources of which it seems to
me we only have one important one--people. There are so many
variables associated with people that we need to take this very
seriously. And we do. Their ideas produce new technology. We
can train people. We can detrain people. We can even condition
people, I am afraid.

Thirdly, and finally, we have only one non-renewable resource
that really should be expressed in negentropy terms, but that we
usually express as energy (fossil, fission, and possibly fusion
energy). There are obviously enormous numbers of feedback loops.
We get biomass by using land but we also need inputs. These
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inputs come by the use of negentropy and finite stock. I am not
going to spend time discussing this because it must be very ob-
vious to all of you here, but I suggest that we have to formulate
our production functions and our allocation mechanisms around
these basic facts of the world's resources. Simply as an illus-
tration, I present to you the outcome of looking at the food
sector of the economy in these terms. If I were giving you a
full picture of the food sector I would not simply be restricting
myself to energy, I would be looking at people and I would be
looking at the quality of the people involved. The intriguing
thing about this plot--which is purely an empirical plot obtained
by examining, on more or less a random basis, a very large number
of food producing systems from the extreme of free range cows in
the Peruvian Altoplano to the other extreme of fish protein con-
centrate and synthesis--is that a correlation holds well over
eight orders of magnitude. And we have taken the results of
Pimental and Leach and others and we find that their data fall
nicely into this plot, (Figure 1) with a correlation coeffi-
cient of about 0.91. These two plots emerge, the top one for
industrial proteins, for cereals and for vegetables, and the bot-
tom one for animal and fish-farm protein. The star at the end

of the animal and fish-farm protein line is the point beyond
which it appears that you cannot intensify the system without
beginning to use industrially produced inputs to the animal and
fish-farm world. Though there is nothing conclusive about this,
it is part of the way that we can proceed in trying to look at
the future though using a different unit of account. Using such
plots as Figure 1, one can assess, knowing the amount of land
that is available in different parts of the world, what the prime
energy consequences are of a growing population on a given area
of land. One can also establish what the prime energy conse-
quences are of a given level of diet. For example, the prime
energy consequences for Japan to provide her entire animal and
vegetable protein diet from within her own resources is really
quite a frighteningly large quantity of energy.

In conclusion, the best we can hope to do in modelling the
future is to assess the primary resource consequences of per-
ceived choices, expressing resources here not as mineral re-
sources but as energy resources, people, and the fluxes that
come with us. Some of you may feel that this is a somewhat de-
featist attitude. I would like to suggest that it is quite the
opposite. Life is extremely boring if we know every single move
that lies ahead of us for the next few months. Some uncertainty
is absolutely essential to have any sort of vitality. On the
other hand, we do want to know where our next meal is coming
from and the one tomorrow and the one the day after and certainly
maybe ten years from now. I suggest to you that global modelling
should concern itself with the resource consequences of perceived
choices of life-style. This is something I think it has the po-
tential to do with a fair degree of precision. Even the model
that has been presented by the SARU people, sophisticated and
very good though it is, still allows us all to dispute the re-
sults because it has to make quite a number of assumptions, one
of which is the price of energy in the future.
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DISCUSSION

McLean asked to what extent the relation shown in Figure 1
between food production and energy subsidy supports the view
that future analyses should not be based on money terms. Slesser
replied that Figure 1 should only serve as an example to show
better than any economic analysis what the future needs of food
production are. Burke agreed that money is a poor measurement
because it is not conservative; things do not always have the
same value. The use of money terms fallaciously insinuates vir-
tually instantaneous substitution between conservative entities
like materials, energy, and people. What is commonly referred
to as a "crisis" is, in fact, the result of difficulties in
making this kind of substitution.

Parikh warned that the use of physical units is essentially
the same as using constant prices. Furthermore, the explicit
recognition of prices, albeit in the form of shadow prices, has
the great advantage of permitting optimization procedures.

Batteke supported Slesser's view; environmental analyses
trying to express in dollar terms lives of people, lives of fish,
and the mercury content in tissue are more than unsatisfactory.

Roberts, summarizing, said that, originally, the SARU group
had tried hard to express everything almost entirely in energy
terms. But if one pursues this path, one must go it to the end
and give an entire picture of the future in energy terms--try
to communicate this to the people and see how they receive it!
Hence, the avoidance of pitfalls associated with money as a unit
of measurement should not be carried to the extreme where more
might be lost than gained.
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GLOBAL/NATIONAL MODELLING WORK AT
THE INTERNATIONAL LABOUR ORGANISATION

M. ]J. D. Hopkins

INTRODUCTION

This note describes some of the long-term modelling work
being performed by a small team in the World Employment Programme
of the International Labour Organisation (ILO). Most of the
resources devoted to modelling in this program have been directed
to the building of long-term models at the national level, par-
ticularly of countries in the Third World. However, some work
has been undertaken at the global level to see how global models
can help us understand the type of development strategies best
suited to eliminating poverty in the Third World. The ILO has
not built a global model itself but has used an adaptation of
an existing one--the Fundacion Bariloche Latin American world
model--to provide illustrative projections. In this paper a
short description of the global modelling work will be given
followed by a description of the national models that have been
and are being built under the generic name of BACHUE.

GLOBAL MODELLING WORK

Early in 1975 I was asked to provide a quantitative picture
of alternative patterns of development to the year 2000 as back-
ground to the World Employment Conference held in Geneva in June
1976 [1, 2]. To do this a goal was defined in terms of a "de-
fined" set of basic needs (food, housing, health, education) for
each of 15 subregions of the world. Next the desired GNP growth
rates, with and without various degrees of internal income re-
distribution needed to enable the poorest 20 per cent of the pop-
ulation to meet these basic needs targets by the year 2000 were
estimated. A comparison of these desired growth rates with the
actual growth rates of 1960-1970 lead to our general conclusion
that the defined set of basic needs could not be met for most
of the developing subregions without greatly increased GNP growth
rates or, alternatively, without internal income redistribution
as well as fairly high rates of growth.

The methodology to reach these conclusions is described in
the Background Papers to the World Employment Conference [3].
Briefly the methodology was as follows:

An income was estimated which an individual would need in
order to be able to consume a bundle of goods associated with

305
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the defined set of basic needs.* To estimate this income the
Bariloche model was used. It should be emphasized that the
Bariloche model was not used as originally intended by its
authors, i.e. to provide a riposte to the Limits of Growth
work, but was revised to suit our different purposes. In this
I had the help of Hugo Scolnik of the Bariloche Foundation and
Mick McLean of Sussex University.

The Bariloche model maximizes a life expectancy function
which is a function of the basic needs included in the model.
Capital and labour are allocated optimally to each of the basic
needs producing sectors subject to a number of constraints. At
the point at which the basic needs targets are met the GNP per
capita can be taken to be the minimum income*#* required to sat-
isfy the defined set of basic needs.

The major revisions to the Bariloche model to enable us to
do this were as follows.

The model was calibrated (albeit rather crudely) to 15 sub-
regions from the original four Bariloche subregions in order that
the income target eventually arrived at could be inputted into
yet another world model--the Leontief World Economy Model, **¥
This was done at our request by the Leontief group at Harvard
in order to understand the implications of our income targets
and different income distribution patterns for such things as
balance of payments, investment, natural resources, aid, employ-
ment, and environment. Their results are summarized elsewhere
[3] but in general they support the general conclusions of our
own global work noted above.

The Bariloche basic needs targets for food were substan-
tially reduced and varied between regions following the Food
and Agriculture Organization's (FAO) minimum requirements to
allow for climatic differences. The implications of a 25 per
cent reduction in the Bariloche targets for housing and educa-
tion needs were also assessed (to between 5 and 7.5 m? of hous-
ing per person and to 9 years of education per person).

*A defined set since not all basic needs were included in the
Bariloche model nor can all basic needs be quantified--the
need to participate in the decisions affecting oneself, or
the need to live in peace, for example.

**¥This is of course subject to a number of reservations made
more explicit in [2].

¥*¥*¥This could be done since the Leontief model is composed of
an underdetermined set of linear equations, so for example
inputting income targets and the consequent GNP growth rates
into this model fully determines the system of equations and
thus allows the implications of our income targets to be
known.



-397-

For each of the subregions at the point at which the basic
needs targets were reached the GNP per capita was read off. This
figure was taken to be the income required to satisfy the defined
set of basic needs as explained above.

Other quantifiable basic needs were implicitly allowed for
in the income target by forcing the proportion of income alloca-
ted to consumption to be constant over time and the same as ini-
tial conditions. 1In fact relaxing this constraint, as a basic
needs oriented society may try and do, could reduce the desired
GNP growth rates eventually arrived at, i.e. the GNP growth rates
that we stipulate as being necessary to meet basic needs would
not have to be so high if the consumption constraint is relaxed.

Parameterizations were performed on a number of constraints
to investigate the effect on the income target and in consequence
the desired growth rates. Not much variation was found here
largely because the constraint above dominated.

The GNP per capita income taken from runs of the Bariloche
model for each subregion is the income needed to satisfy the de-
fined set of basic needs. 1In order for the poorest 20 per cent
of the population to receive this target income, the average in-
come would obviously need to be much higher. The average income
for each subregion needed was computed using income distribution
data compiled from World Bank sources. If we choose the year
2000 for the time at which the average income is to be achieved
(and by implication, the target income for the poorest 20 per
cent) we can compute the income per capita growth rates needed
from now until then in order that the poorest satisfy their basic
needs. We can also compute overall GNP growth rates by taking
UN population projections.*

The main conclusion from this work was that with existing
patterns of income distribution, all of the regions of the de-
veloping world would need to attain growth rates of between
8 and 12 per cent per annum between now and the end of the cen-
tury in order to meet the defined set of basic needs. This is
nearly double the growth rates attained by developing countries
in the 1960s and would not appear to be feasible except for a
few countries, thus implying the necessity of substantial income
redistribution within these subregions in addition to fairly
high rates of growth, **

These illustrative results were a substantial force behind
the declaration of principles agreed upon at the World Employment
Conference by all ILO member States and organizations (4] that

*UN "low" population projections were used in order to provide
estimates on the conservative side.

**But much less than 8 to 12 per cent depending on how much in-
come is redistributed.
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"past development strategies in most developing countries have
not led to the eradication of poverty and unemployment..." and
that "strategies and national development plans and policies
should include explicitly as a priority objective the promotion
of employment and the satisfaction of the basic needs of each
country's population”. This view was reiterated at the meeting
of the heads of state of the non-aligned countries held in

Sri Lanka in August 1976. However whether each country will,
in fact, move away from growth oriented development strategies
of the past towards strategies aimed at both growth and redistri-
bution in order to satisfy basic needs remains to be seen.*

Work is to continue next year on global modelling to inves-
tigate these preliminary results more fully than hitherto follow-
ing the general approach of the Bariloche model but without using
it. 1In parallel with these activities work is to proceed to de-
fine basic needs more precisely by taking account of what people
want, to design and aid national governments to execute household
surveys to measure the existing deficiencies and, in consequence,
hopefully to stimulate the necessary changes.

NATIONAL LEVEL MODELLING WORK

Introduction

At the national level, dynamic simulation models with the
generic name of BACHUE are being developed to examine the inter-
relationships, over the long term (10 to 30 years), between eco-
nomic change and population size and structure. Most resources
have been allocated to the national level because this, in the
end, is the level at which the necessary changes needed to im-
prove people's well-being are to occur. It should be emphasized
that BACHUE is not a world model as such, even though it is being
applied to many countries of the globe.

BACHUE is not intended to produce a single statement or
prediction of how any particular country will develop. It is
designed with the basic belief in mind that changes thought of
and implemented today shape the future as much as and perhaps
more than observed economic and social structures--whether such
changes are policy measures of an existing government, or whether
they are radical or revolutionary changes of government or soci-
ety. It thus aims to evaluate policies or strategies of develop-
ment over the medium to long term. Our particular view is that
the evaluation should be framed with respect to how well the
chosen policies perform in terms of reaching adequate employment

*Unless, of course, some subregions in the developing world can
reach the very high growth rates needed in order that enough
income trickles down to the poorest. There has not been much
evidence of this phenomenon in the developing regions to date.
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levels, eliminating poverty, and achieving a more equitable in-
come distribution. While the model can give significant indica-
tions on a number of subjects in the short term, it is aimed at
studying the effects of policies on population, employment, in-
comes, and income distribution in the longer term, and this is
reflected in model structure. Use of BACHUE should not preclude
different types of models examining different questions, but
where possible such models should not be used independently of
each other.

To serve as an effective and realistic tool to help in policy
making, specific models of the BACHUE type have to be developed
for each country where the methodology is to be applied. Thus
the model developed and recently finished* for the Philippines
cannot be applied to Kenya, Brazil, or Yugoslavia, where other
BACHUE models are being developed,** merely by changing the data
in the model. Clearly there are many structural, accounting,
and conceptual relationships that are generalizable--for instance
the population accounting and major concepts developed for the
Philippine model are being used and improved upon for the Kenyan
version of BACHUE. On the other hand, the economic structures
of Brazil and Kenya are completely different, the labour markets
of the Philippines and Yugoslavia operate on entirely different
principles, the importance of regional differences varies, and
so does the cultural context of household decision making. The
issues of interest for policy also vary widely. Thus any attempt
to develop a model in the BACHUE series for a country other than
the Philippines involves major differences in structure from
BACHUE-Philippines. Nevertheless some ideas on the types of
issues that BACHUE can explore can be gained from the use of the
Philippine model. 1In the remainder of this article, therefore,
we focus on selected aspects of the use of BACHUE-Philippines.

Overall Structure of BACHUE~Philippines

In order to adequately understand results from the model,
some knowledge of its content and structure is required. Here
we give a very brief outline of the elements that make up the
BACHUE-Philippines model; a detailed specification, together
with policy evaluations and sensitivity analysis, is reported
elsewhere [5].

BACHUE-Philippines contains three main sub-systems - eco-
nomic, labour market and income distribution, and demographic.
The major modelling effort was therefore concentrated on the
labour market and income distribution and demographic subsystems
and especially on their interrelationships. By contrast, some
major components of economic behaviour are omitted or determined

*Insofar as a model is ever finished.
**A full bibliography of papers on the BACHUE models is given
at the end of this paper - see [5] to [12].
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outside the model--this includes most prices, aggregate invest-
ment, and some aspects of the production process.

The economic subsystem is a demand-centred model generating
sectorial outputs and value added. The emphasis on demand derives
from the fact that this is a major link between population growth,
and employment and income distribution. Supply constraints can
be modelled by imposing an overall target for total output based
on planning targets or estimates of possible growth rates. Al-
ternatively, a balance of payments constraint or other types of
constraint can be imposed. The sectorial components of output,
however, are always endogenous. Final demand, by sector, is
determined by household consumption (in turn a function of pop-
ulation size and structure), exports, government expenditure and
private investment. By using an input-output production system,
output, imports, and value added by sector are determined. If
aggregate supply is constrained, the output growth demanded in
any sector is revised so that the overall constraint is not ex-
ceeded. Agricultural output growth is specifically restricted,
and changes in the balance of supply and demand for agricultural
goods lead to changes in the agriculture-industry terms of trade.

In the determination of employment and wages, the employed
are distinguished from the self-employed, and separate labour
markets are specified for skilled and unskilled, urban and rural,
and modern and traditional sectors. Dualism is represented by
the tendency for excess labour supply to be absorbed by tradi-
tional sectors; unemployment is modelled, but is treated as more
a social than an economic phenomenon. Both rural-urban and inter-
sectorial migration of workers are considered explicitly, and
have an equilibrating effect on wage differentials. Labour sup-
ply is determined by age-sex specific labour force participation
rates, which are functions of jobs in modern sectors, education
levels, household incomes, and occupation of household head.

The wages and employments computed by this system generate
household incomes aggregated into rural and urban income distri-
butions. The latter--in addition to being major outputs of the
model--enter into the determination of household expenditure and
savings.

The demographic system determines marriage rates, fertility,
migration, education, and mortality. Marriage rates depend on
education levels and female labour force status. Fertility is
affected by female labour force participation, mortality, edu-
cation, and the proportion of the population that is agricultural.
It can also be modified (exogenously) by family planning programs.
Rural-urban migration is based on education levels, rural-urban
wage differences, rural-urban income distribution differentials,
sex, age, and marital status. Education levels are determined
by school graduation rates, in turn functions of government pol-
icy. Mortality is a function of the level and distribution of
income. The system then tracks the disaggregated population as
it is born, gets older, is educated, migrates, and dies.
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There are a number of ways in which policy changes can be
simulated in the model. Firstly, certain specified variables
are or could be directly under government control-~for example
government expenditure, taxation, and exchange rates. These in
themselves are policy instruments. Secondly, many variables can
be indirectly modified more or less easily by policy interven-
tion--for instance, modern sector wages, education graduation,
or rural-urban migration. These variables can be changed by
government action, either by influencing their determinants
(increasing rural education would promote migration to urban
areas) or by modifying them directly through detailed decisions,
laws, and incentives that are not themselves incorporated in
the model.

Some Model Outcomes

In this section, we summarize the contents of a recent arti-
cle [6] that illustrated two features of the Philippine model.
The first illustration linked the global modelling work to the
national modelling work by using the income target for the Asia
subregion as a target for development planning in the Philippine
model. Since household incomes distribution is endogenous in
BACHUE-Philippines, this income target could be compared against
model outcomes for the income of the poorest 20 ver cent. In
this way, the effects of individual policies and combinations
of them could be evaluated with regard to their success in maxi-
mizing the income of the poorest and--a complementary but not
identical objective--in redistributing income as much as possible.
The policy package chosen could be likened to measures that a
progressive government would probably introduce. The main ele-
ments of the package in urban areas were nationalization of large-
scale industry, policies to promote small-scale industry and
policies to increase labour intensity through using labour in-
tensive techniques; in rural areas, there was a public works pro-
gram, increased agricultural productivity growth, a change in ex-
ternal trade patterns to increase demand for agricultural output
and a minor land reform. Overall, migration from rural to urban
areas was provoked, there was an increase in education growth
and a large program of wage subsidies and government transfer
payments through the income tax system. Despite all these
changes, the package was nevertheless only one of a large number
of possibilities and it should, therefore, be treated as an ex-
ample rather than as a definite basic needs strategy. The re-
sults showed that the resulting income of the poorest in the
year 2000 did not meet the income target despite the fact that
by the year 2000 average incomes in the economy were over double
the income level needed. This was mainly because the distribution
of income could not be equalized enough. This, in turn, was due
to the structural inequalities built into the system through urban
dualism, rural-urban differentiation and, above all, returns to
land and capital. The implication here is that more radical
measures than those applied need to be taken (given that the in-
come target is not set too high) should foreign help on a signi-
ficant scale not be forthcoming.
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One of the more interesting aspects of the package of pol-
icies, briefly described above, was the extent to which they had

demographic effects. The policy package was associated with quite

significant declines in fertility, largely because of increasing
levels of socioeconomic development, e.g. increasing education
levels and decreasing mortality. A second feature of the policy
package was the importance of increased rural to urban migration
in shifting the incidence of poverty from rural to urban areas
but nevertheless somewhat reducing overall inequality. This re-
duction occurs mainly because people in urban areas have larger
incomes on average than in the rural areas and the new migrants
thus have a better chance of improving their income earning ca-
pacity in urban areas in comparison with the rural areas.

Conclusion

Future work will continue to focus on and improve the mod-
elling work at the national level since it is here that most de-
cisions are taken, and it is here that the socio-political ob-
stacles to development are located--and these are perhaps the
most important obstacles to development. Also it is at the
national or subnational level that work at the micro-level (e.g.
household surveys) needs to be undertaken in order to establish
the links in the causal chain from which planning models are
calibrated. 1Ideally, however, there should be a mix of micro
and macro work at the national level coupled with modelling work
at the global level. 1If this is not done the poor behavioural
base that global models have used in the past will continue to
draw such models into disrepute and thus the persuasiveness that
they arguably have had in focusing world attention on critical
issues will quickly disappear.
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DISCUSSION

Kulikowski asked whether fertility change and the impact of
fertility on the labor supply is being accounted for, whether
there is a feedback between fertility and the allocation of the
consumption among different social groups. Hopkins replied that
relations of this kind are included in the model.

McLean pointed out that in her South Korean econometric
model, Irma Adelman found out that certain redistribution pol-
icies not only affect the migration from rural to urban areas,
but also the distribution between agricultural income groups.
Did Hopkins' model yield similar results? Hopkins said that,
although his model is not as disaggregated, results point in a
similar direction.

Roberts questioned the mechanism in the model according to
which population increase will level off as soon as income rises
above a "poverty line”. 1In a fast-rising population, the pres-
sure on land to grow the necessary food might push up prices to
such an extent that the poverty line cannot be surpassed.
Hopkins replied that in addition to the supply effects, also
demand effects must be considered. Also technical progress
will play a substantial role and this makes it difficult to
arrive at "true" relationships.



FUTURE TRENDS OF AGRICULTURE IN
DEVELOPING COUNTRIES

B. Choe, M. Osterrieth, and J. Waelbroeck*

INTRODUCTION

In this paper, we survey the agricultural performance of
six developing regions**, and assess their prospects till 1985.
Historical series for aggregate production, trade and domestic
use of agricultural products have been constructed from commod-
ity by commodity volume data from the US Department of Agricul-
ture (USDA) and the Food and Agriculture Organization (FAO),
using as weights the 1967/1969 average international prices,
to make regional figures comparable. The figures so obtained
cannot be compared to national accounts aggregates: goods sold
domestically are often sold at prices that differ substantially
from the levels that prevail in international trade, both because
of transport and trading margins, and because of price controls,
taxes, and subsidies imposed by governments.

. The projections are summarized in Table 1. They rely on a
complete study of the foodgrain sector in developing countries
(Hadler, 1976).

What we do is to extend the analysis to cover the entire
agricultural sector of developing countries. The main achieve-
ment of this paper is to integrate the analytical results ob-
tained in various fields by the International Bank for Recon-
struction and Development (IBRD) {(Less Developed Countries (LDCs)
growth projections, commodity market analysis, price forecasts)
into a simple and consistent framework. At this stage, however,
many relevant elements had to be left out of the explicit pro-
jection apparatus. This is true of domestic price movements
and of demand for agricultural inputs, for which data is hard
to collect and still unreliable. We did, of course, look into
these questions for the past, and our findings help to qualify
the discussion of the projections.

*The authors work in the Economic Analysis and Projections
Department of the World Bank. The views presented in this
paper are their own, and not necessarily those of the Bank.
The original paper presented at IIASA had to be considerably
reduced in size for publication. The original version is
available on request.

**The list of countries covered by the study is annexed.
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There are significant differences in the approach followed
between foodgrains and other agricultural products. Grains use
up some 70 percent of cultivated land, with quite low yields in
dollars per hectare. Thus, it seems reasonable to assume that
production is constrained by available resources in land and by
existing technology. Other crops are more labor or capital
intensive and use a much smaller amount of land, and most of
them yield much higher returns per hectare than cereals. There-
fore, it is logical to expect that if demand expands sufficiently,
land use will be shifted from foodgrains to these other crops.

The structure of the projection model is then as follows:
consumption is basically income determined, while exports are
projected exogenously. In the case of foodgrains, production
is considered as limited by resource availability, and also
treated exogenously. Imports are then determined residually.
In the case of other products, production is determined by
demand, and imports are linked to consumption or income.

In the next sections, consumption, production, and trade
developments are analyzed separately. We hope to contribute
to a better understanding of the potential that policy planners
in developing countries should try to exploit, and of the
considerable problems that they may have to face.

THE CONSUMPTION OF AGRICULTURAL PRODUCTS

Experience

Consumption of agricultural products per head has not
changed much during the period 1962-1974. Although consumption
per head increased in other regions, in South Asia supplies
have not matched the increase of population.

The figures of Table 2 show clearly why a successfully
developing country cannot afford to neglect agriculture over
the longer run. There are very large differences in the aver-
age per capita consumption of agricultural products across
regions. Consumption in Latin America, the wealthiest of the
regions, is more than twice that in the poorest region (South
Asia). Yet the consumption of the average Latin American is
in turn only a fraction of the level attained by developed
countries. While in the medium run it may be possible to cope
with lagging agricultural production by importing or by allow-
ing prices to rise, only very small and highly specialized
countries could resort to these policies permanently.

Figures on average consumption levels may of course under-
estimate the magnitude of the problem, since they conceal the
variations in food consumption among classes of the population.
Unequal distribution of the fruits of growth might explain why
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per capita consumption of agricultural products has been
practically stagnant in the o0il exporting economies. Quick
urbanization may also have a perverse influence on the distri-
bution of available supplies between population groups, the
diet of the poor city dweller being for a given income level
probably worse than that of his rural counterpart. In some
dramatic cases, production itself affects the consumption of
some population groups. There is no doubt that farmers reduce
their consumption of their own products when the harvest is bad.

Finally, prices have a substantial impact on demand. The
price elasticity of demand for food is generally thought to
lie between -0.25 and -0.50, which means that a moderate price
increase of 10 percent would suffice to reduce consumption by
2.5 to 5 percent. The figures of Table 2 suggest that agricul-
tural prices have increased more quickly than GNP prices in
all but one region, probably keeping consumption levels low.
Data on domestic prices, unfortunately, are notably weak, and
do not permit a rigorous analysis at this point.

Methodology and Assumptions

The projection model simply links per capita consumption
to per capita income by means of constant elasticity coeffi-
cients*. This approach is quite straightforward in the case
of food products, if one agrees that income distribution and
location effects are small in comparison with population and
income effects. It is more debatable in the case of agricul-
tural raw materials, which should rather be linked directly to
industrial production. The share of raw materials in total
agricultural consumption, however, is too small (less than
6 percent at 1967-1969 prices for the developing world) to make
the incorporation of industrial production in the model worth-
while. Both product groups are thus treated in a similar way.

The GNP growth rates used in the projections (Table 3)
have been generated by the Bank's SIMLINK model (Hicks, 1976).
They rest on a fairly optimistic view of the economic prospects
of industrial countries: an annual real growth rate of approx-
imately 5 percent as from 1976, inflation rates which fall from
8.4 percent in 1977 to a steady 7 percent in 1980-1985, and no
major cyclical movements. The population growth rates are
based on the 1974 country by country projections of the United
Nations (medium variant).

*The elasticities have been estimated commodity by commodity
and are documented in the complete version of the paper. 1In
the case of non-grain products, the regional observations were
pooled in a single cross-section time-series regression to
obtain an "average" elasticity coefficient, applied in all
the regional projections.

clearer when the variations in demand are compared to the GNP
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Table 3. Income and population growth by regions.

GNP Population GNP per capita

1962-74 | 1975-85 | 1962-74 | 1975-85 | 1962-74 | 1975-85

0il Exporting
Countries 8.0 11.2 2.5 3.1 5.5 8.1

North Africa &

Middle East 5.4 6.6 2.5 2.8 2.9 3.8
Sub-Saharan Africa 4.4 4.6 2.6 2.8 1.8 1.8
South Asia 3.3 3.8 2.4 2.6 0.9 1.8
East Asia 7.4 7.3 2.7 2.5 4.7 4.8
Latin America 5.9 6.1 2.8 2.8 3.1 3.3

Demand Pressure on the Agricultural Sector

Some implications of our projections are worked out in
Table 4. It clearly appears that the projections for poor
countries are a cause for serious concern. Increases in per
capita consumption of agricultural products are expected in
all of the six regions, but they will be moderate in the poor
regions, Sub-Saharan Africa and South Asia. The effort involved
in obtaining these gains, measured in terms of share of demand
for agricultural goods in total increase of GNP, is much
stronger in the poor regions. This simply reflects the truth
that the pressure on the agricultural sector arising from de-
mand effects of growing incomes is particularly strong at low
levels of development.

To test the sensitivity of the projections to change in
the GNP and population assumptions, we increased the GNP growth
rate by 1 percent in one simulation (Case A) and reduced the
population growth rate by 0.5 percent in another (Case B). The
effect of the perturbations can be measured by comparing the
increase in agricultural consumption obtained in the various
simulations, expressed as a percentage of the 1972 level of
agricultural consumption, and of the increase of GNP over the
projection period.

The impact on agricultural demand (columns 5 to 7) strong-
ly reflects the regional income elasticities embodied in the
model (column 3). The meaning of these figures, in terms of
the global effort involved to meet the demand requirements, is
clearer when the variations in demand are compared to the GNP



"85BO ©SBq 9yl WOXI STRTIUSISIITP SATITPPR @I0 g pPUR Y 9SeD I0F SOINBTI 9yl
9°0- 9°0+| 8°9 L°G- 6°G+ |2°29 0°T 8Z°0 Vel 2792 eOTIDWY UT}e]
6°0~- O°T+| €°0T 9°g- 6°G6t+ |0°29 Z°1 SZ°0 0°sZ Z°PT eIsSy 3seq
voe- 8°G+ | 8°LE 2 v T°L+ | 9797 v-0 [42¢] 9°9% 0°1v ®ISY yanog
A L'T+ | 9°61 G G- S°b+ |0°€S S°0 0og€°0 v 8¢ £°8 BOTIIVY

uereyes-qnsg
8°0- 6°T+| 6°ST L y- £'6+ |£°6L 8°1 8¥°0 L°SC 8°S eOTIIVY YIION
] S°0- S0+ | TI°L 8°9- 6°9+ | S°00T vz 0€°0 v-oc 0°0Z §3TI3UNGH
— butjxodxd TTO
=+
1
(oT) (6) (8) (L) (9) | (9) (v) (€) (2) (1)
(*dod (aNo | @s®d (*dod| (dND |ss®d (S86T-TL6T) *dumsuoo (zL6T) (s 261
MOT) ybTty) | aseqg #oT) | ybry)|sseqg (sseo sseq) -otabe jJo NS Ut 60T)
d @seD | ¥ 9seD g 9se)|¥ °sed eatdeo xad | £3TO0TISeTI® | *sUOD -1bE (zL6T)
*uoo ‘xbe suwooul Jo axeys *suod
x (G86T-2L6T) «T3ART Z.6T ¥Ya 30 yjmoab *3TnoTaby
dND UT SsesIouT ased Jo sbejusoasd ® se Jo aj3wey
oseq ay3y ut uoridumsuod | ‘ (G86T-ZL6T) °SUOD
Texn3Tnotxbe jo sxeys *o1abe ur ssesidurlr
*I0309S TeaniTnorTxbe ayjz uo aanssaxd pueuep IJYL 4 STJRL




-412-

increase over the period (column 8 to 10). As expected the
impacts are now much stronger in South Asia than in the other
regions.

A more refined analysis of the projections shows that the
share of staple food and tropical foodstuffs in total consump-
tion will decline in favor of raw materials and "other" products
(vegetables, meat, and dairy products). This simply reflects
the changing patterns of consumption associated with rising
incomes.

THE PRODUCTION OF AGRICULTURAL PRODUCTS

Experience

Agriculture still accounts for a large fraction of GNP in
developing countries, and made a substantial contribution to
GNP growth over the period studied (Table 5). The highest
growth of agricultural output was observed in East Asia, re-
flecting among other things the favorable price policies of
Korea, Malaysia, and (for export crops other than rice) Thailand.
South Asia registered the slowest increase, partly because of
the poor harvests of the early 1970s, but also because of in-
adequate price incentives and the neglect of policy makers
throughout the region. Population growth has offset most of
the increase in production. Whereas in developed countries
agricultural production per head increased by 1.2 percent per
year, the increase achieved by developing countries was almost
negligible. However, there were differences in performance
among the various regions: output per head fell in South Asia,
which dominates the developing countries' average and in oil
exvorting countries, but elsewh=re per capita production rose
slicghtly.

Various elements explain the poor performance of agricul-
tural production in the past. In many countries, the incentives
to expand agricultural output may have been inadequate: in
their urge to industrialize their countries, planners favored
policies that either discriminated against agriculture, or at
least, like industrial protectionism, distorted the pattern of
incentives to the detriment of that sector. Incomes per head
in agriculture are everywhere very low: only 20 percent of
incomes per head of the other sectors in the oil exporting
countries and in Sub-Saharan Africa; 33 percent in North Africa,
East Asia, and Latin America; 40 percent in South Asia (1961).
The situation has improved, and though there remain some striking
cases of pricing bias against agriculture, in many countries the
terms of trade of agriculture have improved (see Table 2). This
has resulted both from the response of market forces to lagging
output, and from planner's more favorable attitude towards agri-
culture, evidenced by producer price increases in Korea, Argentina,
Pakistan, and more recently in Burma, Thailand, and Chile. The
more outward-looking trade policies adopted by countries such as
Korea, Taiwan, Brazil, and Colombia have indirectly improved the
incentives to farmers in those countries.
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Table 5. Agricultural production in developing regions.

Share of Share of Growth of
agricul- | agriculture Growth of agricultural
ture in increase agricultural output
in GNP in GNP output per capita
1972 1962-74 1962-74 | 1975-85| 1962-74 | 1975-85
% % & per annum
0il Exporting
Countries 20.7 8.4 2.4 4.5 -0.1 1.4
North Africa
& Middle East 25,2 14.1% 2.7* 3.8 0.2%* 1.0
Sub-Saharan
Africa 34.8 31.8 3.1 3.1 0.5 0.3
South Asia 47.1 22.5 2.2 2.7 ~0.2 -0.1
East Asia 26.0 13.1 3.2 4 0.5 0.9
Latin America 15.5 8.5 2.8 . 0.0 0.8

*The figures for North Africa & the Middle East refer to 1963-1974,
because 1961 was a very bad harvest year.

Factors of Agricultural Growth

Improvements of yields made a substantial contribution to
the growth of agricultural output between 1961 and 1974, mainly
in South Asia, East Asia and the Middle East region, where they
account respectively for 63, 54, and 50 percent of the growth
of total agricultural output. They were small in Sub-Saharan
Africa and Latin America, where extension in the cultivated area
was largest.

A closer examination of the past performance suggests,
unfortunately, that there has been some decrease in the returns
to additional inputs into agriculture in the early 1970s as
compared with the 1960s. Though harvest fluctuations make it
difficult to judge trends for shorter periods, it is possible
to discern differences when the rates of growth of agricultural
output for 1962-1965, 1966-1970, and 1971-1974 are compared
(Table 6). The figures for 1966-1970 reflect the introduction
of new high yielding varieties of wheat and rice in South Asia,
which led to remarkable increases in wheat production in India
and Pakistan, and in rice production in the Philippines. The
impact of this on the total output of all developing countries
was only marginal, however. The general slowdown of agricultural
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growth in 1971-1974, which is suggested by Table 6 is a cause
for concern.*

Table 6. Growth of agricultural production by subperiods.
(Compound rates of growth, based on indices weighted
by 1967/1969 average international prices)

1961-62 to 1965-66 to 1969-70 to

1965-66 1969-70 1973-74
0Oil Exporting Countries 1.73 3.11 2.39
North Africa & Middle East 3.63 3.27 3.15
Sub-Saharan Africa 3.56 3.96 1.75
South Asia 0.20 5.14 1.09
East Asia 4,22 3.35 2.79
Latin America & Caribbean 3.23 2.84 2.27
All Less Developed
Countries 2.15 3.84 1.91

It is interesting to compare the growth profiles of agri-
cultural output and of the total flow of inputs into the sector.
For this purpose, we built an index which aggregates estimates
of changes in cultivated area, irrigated area, fertilizer use
and available labor force (Table 7). This index does not cover
all inputs. For instance, extension services and investment in
roads are not included, but it may serve as a rough measure of
the volume of inputs going into agriculture.**

*For South Asia, the fact that 1970 was a favorable year
exaggerates both the 1966-1970 gain and the 1971-1974 slow-
down. The 1975-1976 South Asian harvest has been so bounti-
ful that it is proving difficult to find storage for it. But
according to the latest estimate, the bumper harvest in India
implies only a 1.5 percent annual rate of growth of output
between 1970 and 1976.

**How to aggregate the various inputs in a single index is of
course open to question. Here, we proceeded as follows:
labor is valued at its 1961 marginal productivity (simply
taken as half its average productivity). Fertilizers are
valued on the base of their yields (10 tons of grains per
nutrient ton). The contribution of these two inputs to the
increase of output can then be assessed. Land is assumed to
account for the remainder of agricultural growth. Its con-
tribution grows in proportion to an available land quantity
index in which irrigated land is weighted to reflect that it
is three times as productive as unirrigated land. The method
insures that the overall growth of input and output is the
same, but allows for different time patterns.
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The figures suggest that the slowdown in the rate of growth
of agriculture which took place in the early 1970s was not gen-
erally due to a decrease in the flow of inputs into that sector.

The notable exception is South Asia, where the figures are strong-

ly influenced by the stagnation of fertilizer consumption in the
early 1970s, which was partly due to physical shortages.

Table 7. Rate of growth of inputs into agriculture.

1962-65 1966-70 | 1971-74
0il Exporting Countries 1.6 1.5 2.0
North Africa & Middle East 2.6 1.7 4.0
Sub-Saharan Africa 3.2 3.2 3.4
South Asia 1.7 1.9 1.8
East Asia 2.5 2.3 2.4
Latin America & Caribbean 1.8 1.5 1.6

The fact that so far in the 1970s returns to agriculture
have been less than in the preceding decade should not be taken
to imply that agriculture has entered a phase of steadily de-
creasing returns. While it might very well be that the land
brought into cultivation at the margin is less fertile than the
land previocusly used, and that the best opportunities for irri-
gation have been exploited, two factors certainly contribute to
alleviate the fear of steadily decreasing returns. First, the
green revolution gave an exceptional spur to production of rice
in Asia and Africa and of wheat in South Asia, pushing the growth
rates of agricultural production in 1965-1966 to 1969-1970 to
exceptionally high levels. Second, fertilizer use, traditionally
oriented to the production of high yielding crops, is now more
and more directed towards the production of grains, which have
lower yields in dollar per hectare. The figures would then
reflect a change in the mix, rather than diminishing returns
in the production of individual crops*.

*Another element of reassurance is that yields per hectare for
grains, cotton and tobacco in developing countries remain far
below the levels attained by developed countries (40 percent
on the average). To raise yields would of course require a
large research effort, and a mobilization of the small scale
traditional sector.
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The Projections

Our projections for agricultural output (Table 5) are
reasonably optimistic. The future growth of agriculture would
be higher than in the past decade in five of the six regions,
and stagnating in the last. We expect middle income regions
to do significantly better than Sub-Saharan Africa and South
Asia. 1In the latter region, output per head might, again, de-
crease.

The growth rates assumed for grains (Table 8) strongly in-
fluence the global results (Hadler, 1976). They are based on
the regional performances between 1960 and 1974, together with
commodity and region specific information. They assume some
improvements over the historical, internal terms of trade fac-
ing agriculture, and that the rate of adoption of existing
agricultural technology will proceed as in the past. They are,
for the most part, close to the estimates for the observation
period. The major exceptions are, in the case of wheat, South
Asia and Latin America, and in the case of rice, South Asia.
With respect to wheat production, the introduction of the high
yielding varieties in South Asia in the late 1960s gave a spur
to production which, owing to resource constraints, probably
cannot be maintained in the future. In Latin America, the trend
rate of growth of wheat production bears little relation to the
production capacity of the region and, in the light of recent
policy developments, a substantial increase in productivity has
been assumed. Rice production in the developing countries is
dominated by South Asia, which has the slowest rate of growth
of production in any developing region. Irrigation and improved
cultural practices contain the potential for substantially rais-
ing productivity, and production is thus expected to accelerate
slightly.

As far as other products are concerned, we explained that
production is seen as adapting to domestic demand and trade
conditions. The major purpose of the model is to derive the
implications for agricultural production of specified income,
population, and trade prospects. The gquestion we have to answer
is thus whether these implications are realistic.

If income distribution grows more equal than in the past,
there is little doubt that demand will exert a considerable
pressure on the agriculture of the o0iZl producing countries.
Because of high o0il revenues, investments will be able to reach
much higher levels than in the past. Venezuela, Indonesia, Iran,
and Nigeria have announced ambitious plans to expand agricultural
production, so that high growth rates of output do not seem un-
realistic in the future.

The increase in growth in the small North African and Middle
East region seems less realistic. However, the exploitation of
trade opportunities with the neighboring oil exporters could pro-
bably, if policies are adequate, lead to some increase in output
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of high yielding crops and livestock products. Progress will
have to come mainly from increases in labor productivity, which
will not be forthcoming without substantial improvement in
infrastructure and supporting services.

Table 8. Growth rates* of grains production in developing

countries.
Wheat Coarse Grains Rice
1962~74(1975-85 ] 1962-74|1975-85 | 1962-74|1975-85
0il Exporting Countries 2.9 2.0 -0.2 0.0 5.0 4.5

North Africa and Middle

East** 2.6 2.5 1.5 2.5 2.1 3.6
Sub-Saharan Africa 4.6 4.0 1.3 2.2 2.9 3.0
South Asia 6.9 2.0 0.5 1.0 1.8 2.0
East Asia -3.9 3.0 5.5 4.0 2.1 2.8
Latin America & Caribbean 0.5 3.0 4.2 4.7 2.6 2.6

All Less-Developed
Countries 4.4 3.4 2.2 2.8 2.3 2.6

*Trend growth rates for the past, compound growth rate for the future.
**1963-1974 because 1961 was a bad harvest year.

Indications are that in most of 4sia, further increases in
the cultivated area will be costly to achieve. 1In South Asia
there is now little land left to be opened up. There is a vast
potential for profitable irrigation using the Himalayan waters
on which much of the region's agriculture is based, though the
cost of this will be somewhat higher than irrigation costs in
the 1960s, since some of the most attractive tubewell irrigation
and river control possibilities have already been developed. In
Thailand, maize has accounted for a significant fraction of the
expansion of area, but further expansion is jeopardized by the
exhaustion of usable land. Malaysia still has substantial land
areas suitable for production of rubber, palm oil, and other
tree crops. In South Asia also, the projected acceleration of
the growth of agriculture will require a substantial effort, in
terms of public investment and planning. The price incentive
system has to be revised to encourage agricultural output.

In Latin America, by contrast, there is no scarcity of
cultivable virgin land. Yet the areas recently opened up have
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either been less fertile and less accessible, or have cost more
to develop, than those on which the continent's agriculture was
initially based. Thus although it is physically feasible a
large expansion of the area under cultivation cannot be expected
without appropriate price policies and sufficient public invest-
ment in infrastructure to make it commercially attractive. Land
reform and other institutional changes would probably increase
the productivity of the land under cultivation.

In conclusion, the output projections do not seem unrealis-
tic, but they imply a substantial effort in all the regions.
The increasing realization by governments in many countries of
the importance of agriculture in economic development is aus-
picious. This shift in attitude is in part the result of in-
creasing concern for rural poverty, and of the publicity given
to projections of growing foodgrains deficits. But many govern-
ments have also learned from the bitter experience of dwindling
agricultural exports, rising imports, and domestic food shortages.

AGRICULTURAL TRADE

Exgorts

Perhaps somewhat surprising is the fact that in recent years
agricultural exports accounted for only 15 percent of developing
countries' total exports of goods and nonfactor services. They
amount, however, to 30 percent of exports from the oil-importing
developing countries; there are 47 developing countries that de-
pend on agricultural exports for half or more of their total
foreign exchange earnings.

The agricultural exports of developing countries (Table 1)
rose by only 1.7 percent per year in 1962-1974, compared with a
7.3 percent rate of increase of their total exports, and a 4.0
percent increase of their agricultural imports. Developing
countries have tended to lose market shares to developed coun-
tries (Table 9). 1If in 1974 the developing countries' shares
in world trade had equalled those they attained in 1961, the
volume of their exports would have grown by 2.3 percent annually
rather than by 1.7 percent over those 13 years.

Table 9. Developing countries' share in world exports of some
natural products.

Meat |Grains | Citrus | Sugar | Tobacco | Wool | Cotton | Fats & Oils

1961 0.38 0.21 0.52 0.94 0.47 0.21 0.57 0.52

1974 0.35 0.17 0.42 0.91 0.49 0.12 0.62 0.43
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This poor export performance is also due to the slow in-
crease in world demand for tropical noncompeting foodstuffs,
and to the emergence of synthetic substitutes for the agricul-
tural raw materials exported by the developing world (Table 10).
The market lost to the latter products between 1961 and 1974
may be worth as much as $4 x 109 in the latter year, of which
developing countries would have captured roughly half had they
maintained their share of world production of synthetic and
natural products*.

Table 10. World production of natural and synthetic fibers,

1962-1974.
Annual

1961 1974 Growth Rate

(million metric tons) (%)
Rubber
Natural 2,10 3.51 4.0
Synthetic 2.50 7.26 8.5
Clothing Fibers
Natural 11.64 14.27 1.6
Synthetic 3.52 10.96 9.1
Jute and Hard Fibers
Natural 1.87* 1.45 -1.7*%
Synthetic - 0.38 infinite

*1960 and 1961-1974 rate of increase

The growth projections of LDCs' exports (Table 1) are
based on the commodity by commodity projection of the World
Bank's experts. They are commented on briefly below.

For the many products exported both by developed and
developing countries, developing countries should primarily
seek to improve their market shares, since for many important
products there is a good chance of reversing the past trend.
The developing countries' share of the vegetable oils market
is expected to improve. Exports of palm oil have been rising
swiftly, as well as the soybean exports of Brazil; it appears
that Argentina too may become a major exporter of soybeans.

*This calculation assumes that synthetics replace natural
products on an equal weight basis.
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In the rubber market a significant part of the increase in
the share of synthetics has reflected the inability of natural
rubber producers to increase production in proportion to the
increase of demand for elastomers. Natural rubber remains price-
competitive with synthetic. If producers succeed in their efforts
to prevent sharp price fluctuations and keep prices competitive,
it is probable that their sales will not suffer from the expected
slowdown of the growth of rubber consumption in the world.

Cane sugar exports face a major threat from the competition
of corn-based sweeteners, but it does not seem that these new
substitutes will take over a large fraction of the world sugar
market, unless sugar prices are allowed to reach new heights.
Sugar is one of the cheapest sources of energy, and it is only
worth transforming foodgrains into sugar if sugar prices are
high compared with production costs.

There are profitable export opportunities for meat and food-
grains also. Production of beef is rising rapidly in estates in
the interior of Brazil and of some Andean countries; in Africa
also there have recently been substantial investments in meat
production. The production costs of this beef are low and it
is very competitive on world markets. Argentina's improved
pricing policies are expected to enable it to maintain or im-
prove its share of the rapidly expanding world grains market;
Thailand's exports will, however, grow rather slowly.

It would also be possible to increase cotton exports, which
are a large source of foreign exchange for Pakistan and for a
number of countries in Africa. The prospects are less favorable
for other fibers. Jute and sisal are losing ground to the com-
petition of new synthetic fibers.

Developing countries are the only exporters of four pro-
ducts: bananas, tea, coffee, and cocoa. As the demand for
these products is quite inelastic, the main goal of exporters
should be to avoid the chronic surpluses which have plagued
several of these commodities in the past. The chief objective
of commodity agreements concluded so far has, however, been
the reduction of short-run price fluctuations. A cocoa agree-
ment has just been signed. Tea investments have recently been
reduced, partly because of concern about the impact of over-
supply on prices, and this should lead to firmer prices after
a few years. The serious damage inflicted by the recent frost
in Brazil has considerably strengthened the position of coffee.
But it is important that coffee producers should not react with
excessive new planting as they did to a similar frost in the
1950s, since this would again lead to an excess of supply. Any
improvement in banana prices, finally, will depend on the ability
of producers to achieve accord about appropriate levels of ex-
port taxes and production control.
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Imports

Imports of agricultural products by developing countries
(see Table 1) amount to about half the value of their total ex-
ports. They increased rapidly between 1961 and 1974, particular-
ly those of food. It is useful to distinguish between three
regions that are largely self-sufficient and three that are not.
The countries of Latin America and Sub-Saharan Africa continue
to be largely self-sufficient in food* and in most of them
agricultural imports do not pose a serious balance of payments
problem. The South Asia countries only import a small proportion
of their total supplies, but their export earnings are so small
that these imports are a heavy burden on the balance of payments,

The three other regions depend on imports for 11-16 percent
of the agricultural products they consume, and account for 60
percent of developing countries' agricultural imports. The main
importing countries among them have substantial foreign exchange
earnings, and their agricultural imports have not posed serious
balance of payments problems.

Projected grain imports (see the last section of the paper)
result directly from the demand and supply assumptions that we
have discussed earlier. 1In the case of other products we had to
face the difficult problem of forecasting imports directly. Im-
ports are, of course, a very volatile item expanded to meet
temporary domestic shortages, and then cut back to reduce bal-
ance of payments deficits. In a medium-term model such as ours,
there is no other alternative than to link imports per capita to
income, via elasticity coefficients. We estimated these by re-
gression analysis, using either the relevant regional series only
or the full set of all regional observations. Whenever it was
impossible to detect any significant or plausible relationship
with income, it was assumed that the ratio of imports to domestic

consumption of the product considered would remain unchanged at
its 1970-1972 level.

The model forecasts substantial increases in the growth
rates of foodgrains and other agricultural imports, with the
major exception of Latin America. The situation with respect to
dependence on imports is totally different for the more or less
self-sufficient regions (Sub-Saharan Africa, South Asia, and
Latin America) and the other regions**. 1In the first group
total imports will remain a small fraction of total consumption,
and the increased dependency on imports is a cause for concern
only in the case of grains in South Asia. In the second group,
dependence on imports is of a more structural nature. In these
countries, living standards are improving rapidly, and many of

*They import respectively 4 and 5 percent of their total agri-
cultural consumption.

**We project that in 1985 imports would amount to 16 percent of
domestic consumption in the oil exporting countries, 19 percent
in North Africa, 6 percent in Sub-Saharan Africa, 5 percent in
South Asia, 23 percent in East Asia and 5 percent in Latin
America.
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them have little land that could be opened up readily for agricul-
ture. Their comparative advantage is such that they will rely in-
creasingly upon agricultural imports and industrial production, and
they offer other developing countries attractive and expanding
markets for agricultural exports.

The Foodgrains Gap Problem

The developing countries' increasing imports of foodgrains
have attracted a great deal of notice in recent years. Attention
has focused on the countries of South Asia and in particular
Bangladesh, and on the emergency cereals imports which were re-
quired when Ethiopia and the Sahelian countries were hit by
drought. However, the middle-income countries account for by
far the greatest increase in food-grains imports of developing
countries. East Asia's imports have grown fastest. Table 1l
gives the net foodgrains imports for 1961 and 1974, together
with the projections for 1985 under three sets of assumptions
concerning GNP and population growth. The table illustrates
how sensitive the projections for South Asia are to changes in
assumed population and GNP growth rates. Under the standard
assumptions of this paper, the net foodgrains imports of devel-
oping countries would reach a level of 87 million tons in 1985,
of which about 19 percent would consist of rice. Only 24 per-
cent of the total amount would go to South Asia, against 30
percent to oil-exporting countries and 22 percent to East Asia.

Table 11. Net foodgrain imports under alternative assumptions
(million metric tons).

1985

Case A* Case B**
1961 | 1974 | Base Case | (high GNP) | (low pop.)

0il Exporters 3.4 | 10.6 25.5 27.4 22.7

North Africa &
Middle East 3.9 6.2 14.3 16.1 13.3

Africa, South of

Sahara 0.8 2.7 5.4 5.7 3.9
South Asia 3.9 7.3 20.6 29.1 15.4
East Asia 0.8 | 5.8 18.8 22.5 17.1
Latin America ~2.2 0.1 2.7 7.4 -0.3
Total LDCs 10.6 | 32.7 87.1 108.2 72.1

*GNP growth rate increased by 1 percent in all regions.
**population growth rate reduced by 0.5 percent in all regions.
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Table 12 evaluates the cost of foodgrains imports at 1967-
1969 international prices and compares them to the total con-
tribution of agriculture to the balance of payments. The fig-
ures clearly show that from the balance of payments point of
view, grain imports are a major problem only in the case of
South Asia, because of the very small levels of exports ex-
pected in that region. In the North Africa and the Middle East
region (and in countries of the middle belt of Africa) food
imports account for a smaller but still significant fraction
of export receipts. Africa as a whole is, however, a net ex-
porter of agricultural products, as is Latin America. In judg-
ing the figures for oil-producing countries, it should be remem-
bered that they are expressed in 1967-1969 prices; unless oil
prices drop food imports will account for a much smaller frac-
tion of 1985 foreign exchange receipts than is suggested by the
table.
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ANNEX: COUNTRIES COVERED BY THE STUDY

0il Exporters

Nigeria, Gabon, Indonesia, Brunei, Ecuador, Venezuela, Trinidad/
Tobago, Algeria, Iran, Bahrain, Oman, Iraqg, Kuwait, Libya, Qatar,
Saudi Arabia, United Arab Emirates.

North Africa and Middle East

Low-Income Countries

Yemen, People's Dem. Rep., Yemen, Arab Rep.

Middle-Income Countries

Egypt, Morocco, Syria, Tunisia, Jordan, Lebanon.

Africa, South of Sahara

Low-Income Countries

Ethiopia, Kenya, Malagasy Rep., Sudan, Tanzania, Zaire,
Chad, Mali, Mauritania, Niger, Upper Volta, Burundi,
Central African Rep., Dahomey, Gambia, Guinea, Lesotho,
Malawi, Rwanda, Sierra Leone, Somalia, Togo, Comoro
Islands, Uganda.

Middle-Income Countries

Cameroon, Ghana, Ivory Coast, Liberia, Senegal, Zambia,
Botswana, Congo People's Rep., Eguatorial Guinea, Mauritius,
Swaziland, Angola, Cape Verde, Guinea-Bissau, Mozambique,
Namibia, Reunion.

South Asia
Bangladesh, Burma, India, Pakistan, Sri Lanka, Afghanistan,

Nepal, Bhutan, Maldives.

East Asia and Pacific

Low-Income Countries

Khmer Rep., Laos, Timor, Vietnam Rep.
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Middle-Income Countries

Korea, Rep. Malaysia, Philippines, Thailand, Fiji,
Papua/New Guinea, Singapore, West Samoa, Br. Solomons,
Fr. Polynesia, Hong Kong, Macao, New Caledonia, China Rep.

Latin America and Caribbean

Argentina, Bolivia, Brazil, Chile, Colombia, Dominican Rep.,
Guatemala, Jamaica, Mexico, Peru, Bahamas, Barbados, Costa
Rica, El Salvador, Guyana, Honduras, Nicaragua, Panama,
Paraguay, Uruguay, Belize, Guadeloupe, Martinique, Netherlands
Antilles, Surinam.

DISCUSSION

Pestel pointed out that it might be misleading to deduce
from low imports a high degree of self-sufficiency; the parti-
cular country might just be too poor to pay for higher imports.
Osterrieth agreed that this is an important point from the
viewpoint of effective demand, or actual nutritional require-
ments.

Pestel stated that, for most commodities, the model is
demand-driven, except for grain. For what time-horizon is a
supply constraint for grain stipulated? Osterrieth replied
that these constraints seem to be valid for the time-horizon
chosen, i.e. 1985.

Keyzer asked for an explanation of the cost index that
seems to reflect a tenfold increase of the fertilizer price.
Osterrieth replied that this is the result of the assumption
of a fixed relationship between the price of fertilizer and
the price of grain.

Richardson stressed the importance of the model with re-
gard to the fact that the World Bank might base its decisions
on specific model outcomes. Osterrieth replied that the model
was just completed; hence, it could not be used in the decision-
making process of the World Bank as yet. One main result seems
to be that, in developing countries, more emphasis should be
put on price policies. Furthermore, at a lower level of dev-
elopment the agricultural sector should receive higher prior-
ities.



A STEP TOWARDS ESTIMATING PARAMETERS
OF IMPUT-OUTPUT TABLES

Y. Kaya, T. Imoto, and T. Yamaoka

INTRODUCTION

In recent years, efforts in global modelling have been made
in various areas in the world. The LINK project by Klein [1],
the Limits to Growth model originated by Forrester [2] and devel-
oped by Meadows [3], the Multiregion hierarchical model by
Mesarovic and Pestel [4], and the Modelo Mundial Latinocamericano
by Fundacion Bairloche [5] are among these. The authors have also
developed a normative multiregion model [6] and a macroeconomic
model[7].

Throughout the processes of model construction, however,
model builders inescapably face the serious difficulty of the
shortage of data especially in developing countries. The data of
age structure, for example, are indispensable in the construction
of a demographic model but only those in developed countries and
some developing countries are obtainable. Since the global model
covers all regions in the world the model builders have to comple-
ment the data not available from the existing data bank.

Input-output tables of a country's economy are considered
to be the most useful data in construction of a multi-industry
model, because they supply basic information of interindustry
activities. Nevertheless construction of input-output tables
requires tremendous efforts mainly by the government. The tables
do not exist in some developing countries and even where they
do the guality--accuracy of data, number of sectors, etc.—--of
the tables differs very much from country to country.

The world has become more and more closely related in a net-
work of international policy and economy, and the necessity of
adjustment of the present system of international division of
labor is recognized by which each country may develop in good
balance with others.

Multi-industry models are in this sense the most useful in
investigating the various impacts of change in the pattern of the
international division of labor in the world. The data of input-~
output tables of countries are then of primary importance but
because of their nonavailability model builders often substitute
parameters of the tables of one country for another. The tables
of this kind may be inconsistent with existing data on the coun-
try's economy.

427
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The objective of the authors' research is to estimate
parameters of input-output tables of various countries in which
the tables themselves are not available, with the use of what
data does exist and the data of other countries. The tables
thus obtained are consistent with the existing data and general
characters of the tables, so that they may be said to be the
best estimate in the present circumstances. This paper describes
first the general data situation and secondly the computational
results of estimation of investment and consumption converters.

DATA SITUATION

Input—-Output Tables

Needless to say the more real input-output tables available
the better. Figure 1 shows the distributions of available tables
in the United Nations' library and in the authors'. It can be
seen that the tables of about half the developing countries are
not available from these libraries.

Bottomley's library [8] covers a little more than these.
These tables provide some data for global modelling, but its

usefulness is very limited because of differences in table speci-
fications. These are now briefly described.

Division of Industry into Sectors

Division of industry differs from country to country. For
example the industry producing coal products is separated in
ordinary tables into several tens of divisions except in the
US tables. Some sector of one country may overlap two or more
sectors of other countries. The number of sectors of a multi-
industry model of the world will inevitably be limited to 5-10.

Price System--Producer's or Purchaser's Prices

Basically two price systems are adopted in input-output
tables, namely, the producer's prices and the purchaser's prices.
The difference between them is that the purchaser's prices in-
clude the transport costs, wholesale and retail trade mark-ups,
insurance and warehouse costs, and net indirect taxes, while the
producer's prices do not. Since the basic idea of input-output
tables is the proportionality of material inputs to the gross
output, the producer's price table may be more stable and thus
more desirable. It is however easier to construct purchaser's
price table because then every industry transaction can be mea-
sured at inputs to purchasers. Some countries prepare tables
of both kinds (most developed countries are in this category)
but others do not.
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Price System—-Constant or Current Prices

Transactions in tables are measured either in current prices
of the year concerned or in constant prices of a given year. 1If
the standard year were the same throughout all countries, mea-
surement by constant prices in the year would be the most welcome.
The standard year, however, is not common although 1970 is now
adopted in many advanced countries. In any case, only a limited
number of tables of this kind are available.

The transformation of current price tables to constant price
tables requires knowledge of price deflators of goods produced
in each sector of an input-output table, but only deflators of
very aggregated sectors such as of agriculture and manufacturing
are internationally available.

Treatment of Imports

There are two kinds of treatments of imports, namely, com-
peting imports and noncompeting imports. The main difference
is that the imported goods are considered as competing perfectly
with domestic ones in competing imports table while in noncompet-
ing tables they are not.

Whether the imports are really competing with domestic ones
depends on the kinds of goods and of the importing and exporting
countries, but the trouble in global modelling is that in many
countries only one of these two is available.

Efforts should be made to overcome these differences in
specifications of input-output tables.

Availability of Other Data on National Economies

The following equation is a basic one for input-output tables
of the competing imports type:

X=AX+C+I+Is+E-M , (1)
C = Cg + Cp, (2)

= KecgCg + KcpCp, (3)
I =KI 7T (4)

KvX = V (5)
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where A, Kcg, Kcp, and KI are parameter matrices and other capital
letters are n-dimensional vectors (n is the number of sectors)

X is the gross output,
v, the product of value added (or gross domestic product),
c, the final consumption expenditure by sector,

Cp, the final private consumption expenditure by sector,

Cg, the final government consumption expenditure by sector,

I, the fixed capital formation by type of capital goods,

Is, the increase in stocks by sector,

E, the exports,

M, the imports,

Cp, the final private consumption expenditure according to purpose,

Cg, the final government consumption expenditure according to
purpose,

I, the fixed capital formation by kind of economic activity of
owner,

Kecg, the government consumption converter matrix,
Kcp, the private consumption converter matrix,
KI, the investment converter matrix, and

Kv, the ratio of value added.

Some of the data on these vectors are available from various
United Nations statistics even when input-output tables themselves
are not. The Yearbook of National Aecounts (NA) supplies the
data on Cp, Cg, I, I, Is, and V. The Yearbook of Trade Statistics
supplies E and M, and The Growth of the World Economy (GWI)
supplies X, V, Ip, and Ig of manufacturing industries.

Table 1 shows the percentage of the population of the world
for whom data exists.

sum of population of countries in

The percentage which data exist

existence of data

x 100%
sum of total population in the area

(6)

It is seen that the data on consumption expenditure are fewer
than other data while those on investment are comparatively more
available. These data may be used to estimate parameters of
input-output tables as will be described later in this paper,
but it is to be noticed that these data do not constitute a con-
sistent system. Classification of economic activities in NA is
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completely different from that in GWI, in which the manufacturing
industries aggregated into one sector in NA are divided into
almost 30 sectors. The statistics of GWI usually lack data on
small factories so that its data should be modified with help of
NA.

The price system is also a crucial point when using these
data. Almost all vectors listed above are measured in NA in terms
of purchaser's prices but in some countries data on fixed capital
transformation in terms of producer's prices are available. The
inconsistency of data described above should be taken into account
when the data are used.

ESTIMATION OF PARAMETERS OF INPUT-OUTPUT TABLES

The final target of our research is to estimate the param-
eters of input-output tables of the 15 aggregated areas listed
in Table 1, which correspond to the areas adopted in one of the
world models the authors are constructing [8]. The methodology
for the estimation will be different according to the degrees
of availability of data, and establishment of the methodology is
still under way. We now describe the general process of estimat-
ing parameters of a country's input-output table when the data
of almost all items of UN National Accounts and the World Industry
of that country are available, and the methodology and computa-
tional results of estimating consumption converters Kc (aggrega-
tion of Kcg and Kcp) and investment converters KI.

General Process of Parameter Estimation

As described above the vables in terms of producer's prices
are preferable to those in terms of purchaser's price. The data
in statistical yearbooks are however measured in purchaser's
prices and the transformation from the one to the other requires
data of transport and service costs and indirect taxes, which
are virtually not available. Purchaser's price thus becomes an
inescapable choice as a price basis. The division of industries
into sectors depends on data availability and temporarily the
division shown in Table 2 is adopted. The outline of estimating
vectors and parameters of the input-output tables rrom the data
concerning items listed in GWI is the following.

V (Gross Domestic Output)

From NA, gross domestic outputs of sector 1, 2, and 9 and
the sum of 3-8 are available. Each gross domestic output of
the sectors 3-8 is estimated as the same percentage of the prod-
ucts of value added listed in GWI.
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Table 2. Division of industries into sectors.

Agriculture, Forestry, and Fishing
Mining

Light Industry

Metal and Chemical Industry
General Machinery

Electric Machinery

Transport Equipment

Other Manufacturing

Services

(Yoo JIE S B« )N ¥, I - VO S B )

X (Gross Output) and Kv (Ratio of Value Added)

Data of gross outputs of manufacturing industries (3-8) are
listed in GWI, but considering that GWI lacks data of small size
industries the data should be modified with the help of NA. Our
approach is to assume that the ratio of value added Kv calculated
from GWI is valid. This Kv can be estimated by the value added
divided by gross output. X's of sectors 3-8 are then estimated
by dividing V by Kv.

The gross outputs of sectors 1, 2, and 9 are not obtainable
from these sources and so should be estimated by introducing some
assumption such that Kv's of these sectors are the same as those
in some specified country.

Consumption Expenditure, Cp, Cp, Cg, and Cg

Data on Cp and E§ are in principle available from NA. Cp
and Cg are neither available from NA nor from GWI. Our approach
is first to estimate Kcg and Kcp of the countries for which
input-output tables are available, by the method described later,
and secondly to find gharactg;istics of these converters and
apply these to known Cp and Cg, resulting in Cp and Cg.

Gross Fixed Capital Transformation I and T

I's and 1's of sector 1, 2, and 9 and the sum of sectors
3-8 are available from NA. The sum of sectors 3-8 are distrib-
uted into sectors in proportion to the percentage of I in GWI.
I's of sectors 3-8 are determined from the investment converter
KI estimated as described later.

Increase in Stocks I's

Total of I's is available from NA. This is distributed to
all sectors in proportion to the amount of fixed capital forma-
tion. This treatment is conventional but may not have much
effect on the tables because of relative smallness of I's.
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Exports E and Imports M

Detailed data of exports and imports are available from the
UN Trade Statisties. The remaining problem is how to estimate
the tariff for imports. Imports in Trade Statistiecs are usually
measured by CIF which does not include any tariff. This is still
left for further research.

Input Coefficient Matrix A

Given all the data, A is estimated in almost the same way
as KI, Kcg, and Kcp.

Estimation of Private Consumption Converter Kcp

A process of estimating Kcp is now described. 1In this pro-
cess the following assumptions are made:

- Cp and Ep are given. The former is obtained
from input-output tables and the latter from
NA.

- Kcp for Japan can be used as a basis for a

standard converter, around which converters
of other countries are distributed.

Let Kcp be the private consumption converter to be estimated.

Elements of Kcp should satisfy the following constraints:

Kep.ij > 0 ; for all i,j (7)

} Kep.ij =1 ; for all i,j (8)
i

Cp = Kep Cp (9)

where Kcp.ij indicates (i,j) element of Kcp. Tgen the problem
is to find Kcp to minimize the distance from Kcp:

J= § wij(Rep.ij - K8p.ij)?2 (10)
i, ]

under the constraints of (7) to (9).
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The problem is how to choose KSp, and the authors temporar-
ily adopted the following method:

- Estimate the Kcp of varigus countries with the
use of Kcp of Japan as KcCp.

- Average the Kcp's obtained and replace it into
former Kcp.

- Repeat until K%p converges.

In other words the average og Kep's of various countries
based on Japan's Kcp is used as Kcp.

The classification of private consumption by object is
shown in Table 3 and the sectors corresponding to Cp is in Table

Table 3. Division of private consumption by object.

1.
2.
3.
4.

Food, Beverages, and Tobacco
Clothing and Footwear

Gross rent, Fuel, and Power
Furniture, Furnishings, and
Household Equipment and Operations
Medical Care and Health Expenses
Transport and Communication
Recreation, Entertainment, Education,
and Cultural Services

Miscellaneous Goods and Services

Table 4. Division of private consumption by use of goods.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

The problem

Agriculture, Forrestry, and Fishing
Mining

Light Industry

Metal and Chemical Industry
Electric Machinery
Transport Equipment

General Machinery
Electricity, Gas, and Water
Construction

Merchandise

Transport and Communication
FPinancing and Services

then becomes the iterative use of quadratic

mathematical programming and some results are shown in Table 5.
The target countries are those of advanced countries (Australia,
Belgium, Finland, the Netherlands, Norway, and Denmark) and

those of Asian countries (the Philippines, Thailand, and Korea).

The distance in the parameter plane between the orginal Japanese

converter and their converters are calculated and listed in
Figure 2, where Asian countries are very different from the
others. It is easily seen from Figure 2 that the converters thus

estimated are in
ern countries.
the converters.

two groups, the western countries and the east-
This result may be a reflection of validity of
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Table 5. Examples of private consumption converter.¥*

Japan 1970

1 2 3 4 5 6 7 8

0.14336 0.00000 0.00302 0.00513 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00411 0.00000 0.00000 0.00000 0.00000 0.00000
0.58289 0.86884 0.00029 0.10860 0.05976 0.00000 0.20977 0.00000
0.00000 0.00000 0.03628 0.07134 0.21469 0.00000 0.00106 0.00000
0.00000 0.00000 0.00000 0.24435 0,00085 0.00000 0.00315 0.00000
0.00000 0.00000 0.00000 0.16700 0.00058 0.00000 0.00215 0.00000
0.00000 0.00000 0.00000 0.12478 0.00043 0.00000 0,00161 0.00000
0.00000 0.00000 0.09082 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000
1 0.23450 0.11236 0.01698 0.09137 0.10780 0.00000 0.08177 0.00000
11 0.03925 0.01881 0.01062 0.01279 0.02120 0.83160 0.01903 0.01498
12 0.00000 0.00000 0.83787 0.17466 0.59468 0.11840 0.68146 0.98502

CWVWXNAUT B WK

The Netherlands 1970
1 2 3 4 5 6 7 8

0.07983 0.00000 0.01249 0.00989 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.01033 0.00000 0.00000 0.00000 0.00000 0.00000
0.43881 0.83136 0.00123 0.25057 0.12681 0.00000 0.46112 0.00000
0.00000 0.00000 0.07661 0.02022 0.16035 0.00000 0.00046 0.00000
0.00000 0.00000 0.00000 0.09906 0.00101 0.00000 0.00236 0.00000
0.00000 0.00000 0.00000 0.05485 0.00071 0.00000 0.00115 0.00000
0.00000 0.00000 0.00000 0.10370 0.00061 0.00000 0.00166 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.C0000 0.00000
0.48135 0.16864 0.07972 0.26395 0.26683 0.00000 0.20796 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.35377 0.00000 0.00000
0.00000 0.00000 0.81962 0.19775 0.44368 0.64623 0.32528 1.00000

WO dwh-

e
N O

Korea 1963
1 2 3 4 5 6 7 8

0.72970 0.00000 0.00337 0.00857 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.03405 0.00000 0.00000 0.00000 0.00000 0.00000
0.18506 0.87332 0.00000 0.14987 0.04294 0.00000 0.25406 0.00000
0.00000 0.00000 0.21237 0.24806 0.52674 0.00000 0.00322 0.00000
0.00000 0.00000 0.00000 0.07452 0.00000 0.00000 0.00138 0.00000
0.00000 0.00000 0.00000 0.02209 0.00000 0.00000 0.00053 0.00000
0.00000 0.00000 0.00000 0.17837 0.00045 0.00000 0.00287 0.00000
0.00000 0.00000 0.07053 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.07390 0.11402 0.00504 0.12468 0.07780 0.00000 0.09695 0.00000
11 0.01134 0.01266 0.00000 0.01112 0.00793 0.86572 0.01448 0.00987
12 0.00000 0.00000 0.67457 0.18316 0.34408 0.13428 0.62725 0.99020

WO d W

[
(@]

*The row numbers indicate the division of private consumption by use of goods
of Table 4, and the column numbers, those of Table 3.
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~ Korea 63

—Thailand 71
—~The Philippines 61
l—Japan 70 1.0

—Australia 62

L-Finland 65
The Netherlands 70
—Belgium 65
L_ Denmark 66
— Norway 64

=Z-\ustralia 62
Korea 63

—Thailand 71
— Japan 70

L—The Philippines 61
Denmark 66
=The Netherlands 70
Norway 64

L Belgium 65
[~ Finland 65

from the center of

European countries

{ Group 1 )

from the center of

all sample countries

Figure 2. Geometric distances of consumption converters.
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Estimation of Investment Converter KI

Almost the same process as used for the estimation of Kcp
can be appljied for the estimation of KI. 1In case of KI, however,
both I and I are available (in principle) from NA and GWI so that
the process may be applied to many countries. The formulation
of the problem is as follows:

Constraints: KI.ij >0 : for all i,j , (11)
} KI.ij = 1 for all i,j , (12)
i
I=FKI.T . (13)
. . . .. o ..,2 .
Criterion: J = z Wij(RI.ij - KI.ij)" » min . (14)
i,

Since some components of I are unknown these components
are also selected as independent variables. KI.ij is again ini-
tially that of Japan and then the average of estimated KI.ij's.
Nine advanced countries, four medium-advanced countries and six
African developing countries were selected and the computational
results shown in Table 6. Sectors corresponding to I are the
same as those in Table 4, and the sectors corresponding to I
are those in Table 4 plus governmental sectors of agriculture,
transport and communication, general administration, and other
services. Figure 3 shows that the converter of Japan is closer
to those of advanced countries than to developing countries,
while its Kcp is less close. This seems reasonable considering
that the characteristics of industrial structure in modern so-
ciety is the same all over the world.

CONCLUSION

Our research has come to the point where consumption and
investment converters of various countries can be estimated.
The next stage will be to find a functional relation between
input coefficient matrices and other variables specific to
countries, and to estimate these matrices. The work is now being
done in cooperation with our main project of global modelling.
Results of this should come at the end of next year.

This research is partly sponsored by the Japan committee
of the Club of Rome and the Nippon Institute for Research Advance-
ment. The authors also express their sincere thanks to Mr. H.
Masuzaki of Hitachi for his collaboration.
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Figure 3. Geometric distances of investment converters.
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DISCUSSION

McPherson pointed out that, to his knowledge, input-output
tables are only accounting procedures displaying economic data
that fall within one particular period of time. 1In a dynamic
approach, because of the time lags involved data from different
time-periods are necessary. How is this difficulty overcome?

In reply, Kaya referred to the extensive literature and practical
experience gained in dynamic input-output theory, including Japan
(National Economic Agency).

Bruckmann wished to clarify a possible misunderstanding
between dynamic input-output theory, which attempts to combine
fixed input-output coefficients with some dynamic economic theory,
and dynamic input-output tables, which attempt to forecast the
input-output coefficients of future input-output tables. Kaya
agreed that for the latter, theoretical approaches are often not
applicable owing to the lack of comparable data from the past;
hence, his group had to adopt another kind of methodology.
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Bruckmann asked whether environmental aspects were built in-
to the input-output analysis, along the lines pursued by Leontief
and by Allan & Kneese. Kaya replied that the problem certainly is
an important one, in particular in a country like Japan, but that
its specific inclusion would have little impact on economic growth.
In his opinion, environmental data cannot and should not be mea-
sured in money terms. The specific recognition of environmental
impacts is being pursued in his country by different groups with
a different model.






A SIMULATION MODEL FOR EXPLORING
FUTURE TRENDS IN WASTE LOADINGS TO
THE UPPER GREAT LAKES

J. P. H. Batteke

INTRODUCTION

This is a brief report on the application of systems modell-
ing for the purpose of management of the international waters of
the Great Lakes. The work was originally undertaken for the
Upper Lakes, Superior and Huron. That task will be completed
by January 1977. Currently, preparations are also being made
to apply the model to the Lower Lakes, Erie and Ontario. In
this version, the new estimate will be both an update and an
expansion of similar estimates prepared for the International
Joint Commission in 1970. This work is to be completed by the
spring of 1977.

There are significant differences between this model and
the majority of the models that have been presented at the IIASA
global modelling conferences:

- It was developed in response to a management need. The
timing for the completion and the format of the results
was specified in that context.

- It had a limited purpose and scope, and it might, there-
fore, suffer some lack of flair in sophistication.

- Its results had to gain acceptance by the International
Joint Commission and by the representatives of State,
Provincial, and Federal governments having jurisdiction
over these waters and basins.

- The model may not be pristine in a strict disciplinary
sense but, rather, it breathes a pragmatism necessary
to achieve the desired goals with the limited tools
available.

Purpose

The purpose of the modelling work is to determine--where
possible--the nature of quantitative relationships between demo-
graphic, social, and economic trends in the basin, and their
demands on the water resource. This can be formulated more
precisely as follows: the purpose is to explore, in quantitative
terms, the range of plausible future trends in waste loadings

445
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for a number of parameters, in order to spot critical develop-
ments and to provide an early warning--along with costs and im-
pact estimates--for the formulation of policies and action plans
by both nations.

Background

The cooperative approach regarding boundary problems between
the USA and Canada is based on the Boundary Treaty of 1909. This
Treaty resulted from the recognition, on both sides, of the inter-
national equality of rights in the use of boundary waters. The
Treaty provided the legal principles and international institu-
tional structures to guide the control and usage of the Great
Lakes and the St. Lawrence River. In 1911, the International
Joint Commission was created as a result of this Treaty. 1Its
main responsibilities were to investigate boundary management
issues referred to it by either, or both, the US and Canadian
governments. The International Joint Commission was, in the
words of J.C. Day [1], given quasi-judicial, investigative, and
administrative powers to discharge its responsibilities. It fre-
quently holds public hearings as a means of gathering information.

With the Canada-United States Great Lakes Water Quality
Agreement of 1972, a set of comprehensive studies of the Lakes
was initiated. Two International Joint Commission References
originated from it:

- A Reference on the Pollution from Land Use Activities.
-~ A Reference on the Water Quality of the Upper Great Lakes.

The remainder of my discussion will deal with the latter of the
two References.

The Reference questions are:

-~ Are the waters of Lake Superior and Lake Huron being
polluted on either side of the boundary to an extent
that is causing, or is likely to cause, injury to
health or property on the other side of the boundary;
or that is causing, or likely to cause, a degradation
of existing levels of water quality in these two lakes
or in downstream portions of the Great Lakes system?

- 1If the answers to the foregoing guestions are yes, to
what extent, by what causes, and in what localities is
such pollution taking place?

- If the Commission should find that such pollution is
taking place, what remedial measures would, in its
judgement, be most practicable to restore and protect
the quality of the waters, and what would be the prob-
able cost?
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- In the event that the Commission should find that little
or no such pollution is taking place at the present time,
what preventive measures would, in its judgement, be most
practicable to ensure that such pollution does not occur
in the future and what would be the probable cost?

The task was undertaken by the Upper Lakes Reference Group
with representatives of Federal, State, and Provincial govern-
ments. The operational responsibilities were divided into four
subtasks, each dealing with a broad set of disciplinary aspects.
They are:

- Background studies on hydrology, climate, socioeconomic
conditions, and demography. Future trends resulting
from human activities. The simulation model was developed
under this group.

- Main lake data collections and analysis; including the
study of transboundary movements of pollutants.

- Present materials input measurements at tributary mouths
and direct inputs to the lakes.

- Coastal and embayment pollution problems, and the study
of nearshore/open water exchange mechanisms.

A committee of eight co-chairmen (each subtask has a US and
Canadian co-chairman) was responsible for the production and co-
ordination of the work, and for the integration of the results.
The final reports to the International Joint Commission will be
completed early in 1977.

MODEL DESIGN PRINCIPLES AND SPECIFICATIONS: A SUMMARY DESCRIPTION

The length of the Lakes' response time (Lake Superior has a
flushing time of 113 years; Lake Huron, 17 years) required that
the analysis time period be set at 50 years.

The critical importance of determining the extent of trans-
boundary pollution precluded the use of separate national models.
In separate models, the variation in output, due to differences
in methodologies, would defeat the purpose of the model, i.e. in
providing insight into present and possible future occurrences
of transboundary pollution. The operation of the unified model
was funded jointly by Canada's Department of the Environment and
the USA's Environmental Protection Agency.

One would hope and expect that a model of this caliber could
be linked closely with a Lake behavioural model. Unfortunately,
the state of the art in large-lakes modelling has not yet reached
the capability to handle the large number of chemicals monitored.
In addition, problems of monitoring the segmentation of the lakes,
and the related exchange mechanisms, have prevented the
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application of comprehensive systems modelling techniques to date.
The Waste Loadings Trends Model, therefore, describes only events
and trends between the outer basins' boundaries and the shoreline.

The regional aspects of the pollution studies were introduced
by selecting regions on the following set of criteria:

- the major watershed as a management unit;

- the homogeneity of economic activity in a group of water-
sheds; and

- the inclusion of embayment units, which are of importance
to the studies of the fourth subtask.

A set of 30 waste parameters was selected for analysis in the
model although, in various localities, more than those 30 have
been monitored. The list is shown in Table 1.

Table 1. Chemical waste parameters in model.

Common Metals Nitrogenous Nutrients

Calcium Nitrogen-Inorganic

Iron Ammonia

Magnesium

Potassium Phosphorus Nutrients

Total Dissolved

Trace Metals Phosphorus

Aluminum

Cadmium Non-Specific Inputs

Chromiunm 0il

Copper Dissolved Solids

Lead Suspended Solids

Manganese

Mercury

Nickel Phenols

Titanium

Zinc Silica
Inorganic Anions Boron

Fluoride

Chloride

Bromide

Cyanide

(Sulphuras) Sulphate

METHODOLOGY

During the formative stages of the model, various research
proposals, some containing guite interesting promises, were put
before us. However, the conviction that, to date, we do not have
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the capabilities to map out social behavioural models with some
degree of success led to the decision not to gamble on such prom-
ises. Although "concept-rich", such applications of the Forrester-
type systems dynamics model are often frustrated by the lack of

a proper data back-up. In addition, the concepts are often open
to much criticism--which I do not have to repeat here--from the
side of economists, political scientists, and sociologists. How-
ever, the other alternative, the use of econometric models, was
not considered to suit the purpose either. The inherent rigidity,
common to such models, which is, of course, very useful for des-
cribing the "economic-world", is not suitable for incorporating
all social and specific technological aspects of the relation-
ships between the wealth and waste of the Great Lakes' citizens.

An additional constraint existed. 1In the multi-government
operating environment, forecasts and plans existed that could not
be ignored (remember the requirement of the International Joint
Commission's acceptance). Since the best of these plans and
forecasts resulted from serious and excellent scientific work,
there was neither the need nor the desire to ignore them. This
meant that the model would have to have capability of acting as
a "clearing house" for the merging of often incompatible input
data.

The considerations discussed in the previous paragraphs have
led to the adaptation of a hybrid-model structure, that incor-
porates the advantages of econometric and systems dynamics mod-
elling, while largely circumventing their major shortcomings.

Acknowledging that econometric models are still the best
tools available for describing the distributive aspects of soci-
ety, we have used their inputs to give the Waste Loadings Model
what we call an economic spine.

Impact multipliers were generated to deflect the spine, if
non-productive investments in pollution abatement were to affect
the national performance. The technical and operational abate-
ment aspects and the anticipated change in social and legislative
aspects were "woven" around these economic spines.

I should make clear now that the model is a highly disaggre-
gated one; it deals with 11 regions, 30 waste parameters, 31 in-
dustry groups, 3 different levels of municipal waste treatment
capabilities (including the relative removal capacities for each
parameter), and a set of continuous-scale factors for the re-
moval of industrial wastes.

Returning to the economic spines, they were formed from the
results of previously conducted economic forecasting work. In
the USA, that was provided by the OBERS projections. The acronym
OBERS signifies a unified effort of the Office of Business Eco-
nomics of the US Department of Commerce, and the Economic Research
Service of the Department of Agriculture, in which an integrated
set of projections was developed under a common set of procedures
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--relative to Water Resources Regions and Subregions. These pro-
jections were extended to the year 2020. In Canada, an inter-
departmental disaggregated econometric model, CANDIDE (with more
than 2000 simultaneous equations), was utilized. However, for
the purpose of this project, CANDIDE results had to be related
to the watershed regions, and the model had to be extended over
an additional time period from the existing 1985 limit to the
year 2020. Both US and Canadian projections provided sets of
different economic scenarios, all of which could be linked to
the simulation model in a similar way. Needless to say, all
scenarios are "non-revolutionary" and, consequently, the varia-
tions of the impacts on waste loadings do not offer any great
surprises.

The generalized structure of the simulation model is shown
in Figure 1. It is a structure in which "hard" deterministic
data and relations are merged with "soft" data; for example,
opinions, judgements, and expectations. The model provides the
mechanical structure that allows a systematic and consistent
accounting of most of the relevant factors. An attempt was made
to fully cover the human-physical circuit from perception to
action; this is shown in Figure 2.
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Figure 1. Generalized structure of the model.
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Figure 2. The pollution perception and response cycle.

GENERAL STRUCTURES OF ALGORITHMS

The algorithms are designed to calculate the production of
raw waste on the basis of unit load relationships. That is:

- per capita loads generated by urban population and urban
activities that have to be handled by the municipal treat-
ment systems; and

- per dollar of value added loads for each parameter in any
of the 31 industry groups.

Tables 2 and 3 show examples of selected sets of unit loads
per capita, and per million dollars of value added. A consider-
able effort went into establishing these industrial unit load
values. The statement made earlier that the model was perhaps
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Table 2. Municipal waste production. (Examples of
waste produced--before treatment--by domestic,
commercial, service sector, and minor indus-
trial activities in a municipality.)

Selected Waste Parameters kg per capita, per year
Total Phosphorus 1.2
Total Nitrogen 6.8
Total Dissolved Solids 99.0
Chloride 13.5
Silicate 2.5
Sulphate 11.3
Ammonia 3.8
Cyanide o
Table 3. Industrial waste production. (Examples of

the by-products of a typical industry group
(primary metals) per dollar of output (value

added) .)
Selected Waste Parameters kg per million dollars ocutput,
per year
Total Phosphorus 9
Total Nitrogen 1,430
Total Dissolved Solids 222,000
Chloride 820
Silicate 450
Sulphate 1,700
Ammonia 2,820
Cyanide 130

not sophisticated should be qualified now. A good practical so-
phistication was demonstrated in the adaptation of the model
algorithms to the available data that, as you know, are always
short of the needs. As a general comment regarding this data
availability aspect it follows that concept-sophistication in
model building is often unwarranted; it might add to the promise,
but it certainly does not add to realism of the model output.

Returning to the discussion of the algorithms. At the next
step, the algorithms proceed to compare this raw production with
existing treatment capacities and their removal efficiencies for
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each parameter. 1In most cases, the raw municipal and industrial
wastes will undergo some form of treatment before being discharged
to the open waters in the river basin. What is then discharged
after such treatment, if any, could be called the net~waste pro-
duction. This net-waste production for each region will be af-
fected by the economic, social, demographic, and technological
forces that determine the growth and public attitudes in those
regions. The attitudes of the public and the available technol-
ogy, together with the willingness to invest in abatement equip-
ment, will reduce the net-waste production relative to the raw-
waste production.

The sociological, technological, and institutional aspects,
that in fact determine present and future efforts of society to-
wards pollution abatement, had to be introduced into the model.
For this purpose, a separate research project, using the Delphi
technique, was established. The project focused on general
trends and on "synergistic effects", i.e. the new and not imme-
diately foreseeable developments resulting from a set of somewhat
independent and discernable trend developments in different sec-
tors of human activities. The results of these findings have
been translated, through a quantitative point system, to fit the
simulation model's input requirements.

The uncertainty about the future values of many variables
and the requirement that the model has some "clearing house"
capability has led to a selection of a set of variables that can
be used as convenient entries for simulation purposes. With that
set of simulation variables shown in Table 4, the model has be-
come a vehicle for a quantitatively oriented dialogue, in which
relatively precise data can be merged with far less precise data
elements. Through this structure, the model can serve its pur-
pose of being a tool for "exploration of possible critical devel-
opments" in the future. Note that each variable is either a
vector or a multidimensional matrix with such dimensions as time
periods, regions, waste parameters, industry groups, population,
etc.

I spoke earlier about the regions' net-waste productions.
These amounts will, in principle, never equate with what passes
the shoreline into the lake. It is clear that the route from
establishment-outfall to tributary mouth is one in which much
can happen to the quantity of the loadings. The values thus
obtained are, in fact, theoretical waste loadings values; what
is now needed is to introduce the influences--be they positive
or negative--of the streams and basins on these loads.

The empirical aspects of the loadings are brought to bear
in the manner shown in Figure 3. Thus, the waste load trends
resulting from the model are based on the observed loads (at the
tributary mouths and direct discharge points) in 1973 and 1974,
on which are superimposed the future trends as determined by so-
cial, economic, and technological factors.
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Table 4. Simulation Variables

National Population Growth USA

Provincial Population Growth Ontario
Alternative Economic Scenario USA
Alternative National Econcmic Scenario Canada
Regional Populations Adjustments
Urban/Regional Population Ratios Adjustments

Adjustments
Adjustments
Adjustments
Adjustments
Adjustments

Secondary

Per Capita Municipal Waste Products

Per Dollar Industrial Waste Products

Capital Efficiency Ratio

Per Capita Water Use

Proportion Municipal Treatment Capacity in Primary,
, and Tertiary Treatment

Industrial Treatment Efficiency in Base Year (1973/1974)
Desired Industrial Treatment Level
Desired Municipal Treatment Capacity

LOADINGS (TONNES/YEAR )
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*
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Figure 3. Loadings and waste production.
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In this approach, municipal and industrial waste production
are taken as the most significant explanatory agents of change
of the levels of waste loadings. Lack of detailed understanding
of what happens to the waste as it travels through the river
basin on its way to the lake and a lack of data on the diffuse-
source waste-load components has made such an approach necessary.
The consequence of this is that land drainage, assimilation, and
other physical factors such as climate, soils, and geomorphology
are introduced as constants. This is not an entirely unreasonable
assumption, since the rivers are relatively short in length.

FUTURE TRENDS IN THE BASIN

Let us now look at the subject of the model: the trends
development in the basins and the nature of the results in terms
of waste loads and abatement expenditures.

A comparison of the commonly accepted estimates of growth
(Figure 4) of the various aspects of the human factor shows where
our problem is. Even with the moderate population expansion an-
ticipated in North America, important polluting activities--eco-
nomic output and the generation and consumption of energy--show
five- to tenfold increases over the period to 2020.

10.0
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8.0 [ Energy

Economy (GBP)
7.0

B Population
6.0
5.0 1

4.0 -

Growth Index 1971 = 1.0

3.0
2.0

1.0

T T T T
1980 1990 2000 2020
Year

Figure 4. Growth rates.
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The planners envisage that the Upper Lakes Basin will remain
a low density area. It is the habitat of just over one percent
of the total US and Canadian population. It also contributes
approximately one percent to the combined GNPs. Future growth
of urban areas is largely affected by employment opportunities,
and by the pull of larger cities. Some growth might result from
government policies aimed at a more equitable national distribu-
tion of employment and income. In the period to 2020, the Upper
Lakes Basin's populations are expected to grow from 1.8 million
to 2.4 million in the USA and from 1.0 million to 1.9 million in
Canada. The population distributions over the subbasins are
shown in Figures 5 and 6.
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Figure 6. Lake Huron drainage basin and estimates of regional population growths.
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Present economic activities and projected future growth of
the Canadian Basin are determined by the development of resource
industries: mining in the Superior Basin and the Sudbury Region;
primary processing--pulp and paper, and wood--in Thunder Bay;
and the primary metal industry at Sault Ste. Marie. Manufactur-
ing is the growth sector in the Georgian Bay and Southern Lake
Huron Basin. Note that "Forestry and Fisheries” in the bar-
charts (Figures 7 and 8) are narrowly defined as: harvesting
the trees and fish. The pulp and paper, the saw mills, and the
fish processing industry are all classified under "Manufacturing".
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Figure 7. Lake Superior drainage basin and estimates of regional economic
activity (economic activity measured as constant $ output.).
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Figure 8. Lake Huron drainage basin and estimates of regional economic
activity (economic activity measured as constant $ output).

In the US Superior Basin, the public and service sectors--
classified under "Other" in the bar-chart--are the major com-
ponents of growth. Manufacturing, together with the service
sector, are key growth areas in the Huron Basin. US and Canadian
real economic growth is expected to be five times and seven times,
respectively, for the period to 2020.

Three scenarios were developed to explore trends in loadings
from point-sources. The first, depicted by the full lines, lower
graph of Figure 9, shows what might happen to the quantities of
annual waste discharges if private and public capital expenditures
on abatement remain at the current percentage--0.1 percent of
Gross Basin Product (GBP)*--throughout the simulation period.

*This term is an indicator of economic output for the region.
It is defined in a similar way to gross national product.
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Figure 9. Alternative policy options (30 parameters).

This seems to be the upper limit of pollution that we may expect.
Note that this line represented the average trend behaviour (for
the purpose of this picture) where, in full, there are 30 differ-
ent lines--one for each parameter. Note also that the values
shown here are subject to considerable revision, since the analy-
tical work with the model has not been finalized yet.
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The point-source loadings are only part of the problem.
Figure 10 shows how the total of phosphorus loadings are derived
from contributions from land-drainage and atmospheric sources,
in addition to loadings from point-sources. Atmospheric loadings
result from long-range transport patterns leading from continental
metropolitan areas to the Great Lakes.

ATMOSPHERIC ST. MARYS GEORGIAN
MUNICIPAL LOADING RIVER BAY
LAND STRAITS OF NORTH
DRAINAGE INDUSTRIAL MACKINAC CHANNEL

Potential Future
P Loadings (2020) Recommended
" Loadings

Figure 10. Main body of Lake Huron-phosphorus loading.
Source: [2]

A second scenario, shown as the dotted lines in Figure 9,
studied the lowest limit, which aims at zero-discharge by 1985
for all waste parameters. The resulting investment require-
ments--in the upper graph--are excessive. This is due to the
progressively increasing costs of removing the last 5 or 10 per-
cent of the pollutants. Zero loadings as a goal for all nutrient
and toxic substances is, therefore, impractical as costs are
disruptive to the national economies. Although no across-the-
board removal is possible, selective prohibition of the discharge
of certain toxicants and selective removal of a proportion of
the nutrients is a practicable and necessary goal.

A third scenario, the synergistic scenario, shown as the
broken lines in Figure 9, was developed to demonstrate that the
combined effects on net-waste production of increased public,
governmental, and commercial attention to environmental problems
will be larger than the sum of these effects taken individually.

Thus, some changes in production technology (e.g. more re-
circulation) will pre-empt the need for treatment. Further the
development of a competitive and aggressive pollution control
industry could drastically reduce per unit treatment costs. A
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schematic explanation of this phenomenon is given in Figure 11.
There are indications that this industry has already realized

a strong growth in recent years. Although the potential for

the realization of such a favourable scenario exists, it will

not actually happen without an increased commitment to this goal,
on the part of the public, governments, and industry. In additior
to pollution control measures, this commitment would include pro-
grams to encourage research, development, production, and applica-
tion of innovative non-polluting industrial processes and non-
polluting residential water use processes. Moreover, the need
for the conservation of energy will also automatically induce
application of less polluting technology.

PUBLIC PRESSURE
FOR ENVIRONMENTAL|
QuALITY

STRONG EXPANSION OF
POLLUTION CONTROL
EQUIPMENT MANUFACTURING
INDUSTRY

GOVERNMENTS
ENACT POLLUTION
CONTROL MEABURES

INDUSTRIES  INVEST IN
TREATMENT EGUIPMENT

Oor
RETOOL TO LESS
POLLUTING PRODUCTION

AND
PROCESSES NEW PROCESS TECHMNOLOGY

FOR  PRODUCTION

SALES PRESSURE ON
BUYING INDUSTRIES

PRESSURE ON GOYERNMENTS
AND PuBLIC FOR

APPLICATIONS OF AVARLABLE
TREATMENT TECHNDLOGY

Figure 11. The role of a growing pollution control
equipment manufacturing industry.

There is a growing body of evidence that a gradual transi-
tion from a polluting society to a non-polluting society--as far
as point-sources is concerned--is possible without disruptive
economic sacrifices [3, 4, 5]. Intensive public participation
in this process and the development of commercial interests in
new opportunities will both lead and support meaningful govern-
ment steps to this end. The warning signal that comes from
these scenarios will hopefully provide the stimulus for concerted
action, which might lead to actual developments along the lines
of our more favourable scenario.
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CONCLUSION

The modelling work related to the Great Lakes water quality
is not a one-shot affair. The subject matter is too complex and
too dynamic to allow such a simplistic round-up. As I mentioned
earlier, work is now in progress on another International Joint
Commission's set of reference questions. These deal with all
the nutrients and toxicants that are discharged to the lakes and
have their origin in diffuse sources. They constitute, as shown
in Figure 10, a significant portion of the total loads to the
lakes. It is obvious that not all, or not even a large part,
of the diffuse sources loads will allow human control in the
future.

In conclusion, the model did not attempt to map out a future.
However, by using available data, it demonstrated the boundaries
of environmental consequences of the populace's and politicians'
choices. The usefulness of a systematic analysis of such choices
has been demonstrated in this work for the International Joint
Commission.

Where no comparable institutions exist for other important
inland seas, I would like to suggest that IIASA consider care-
fully the possibility of applying similar research techniques
to the Mediterranean and the Baltic Sea, which are both subjected
to environmental stresses of the same nature as those affecting
the Great Lakes. Such research would provide IIASA with a unique
opportunity for conducting applied systems analysis in critical
areas of international interest.

I would like, at the end of this presentation, to acknowledge
the staff of the modelling team. It was only through their indi-
vidual skills and persistence that the model moved successfully
from the planning to the implementation stage. Their names are
listed in Appendix I. The staff publications, working papers,
and main data references have been listed in Appendix II.
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THE STATISTICS CANADA LONG-TERM
SIMULATION MODEL

W. Page

INTRODUCTION

The Statistics Canada Long-Term Simulation Model (SCLTSM)
provides a framework within which the long-term trends in major
economic variables can be analysed in terms of feasibility and
internal consistency, and by means of simulation, these growth
paths of the Canadian economy can be explored. Simulation (as
opposed to forecasting) implies a simple and understandable
representation of structure, a high degree of disaggregation,
and computability; long term implies a preoccupation with phys-
ical (as opposed to financial) phenomena and an abstraction from
short-term cyclical activity; and feasibility implies that in
the long term, the economic system faces a set of constraints--
imposed by the supply of labour, the rate at which the system
can accumulate capital, the technology available for transforming
raw materials into usable products, and the availability of raw
materials.

The model should not be thought of as a device that delivers
information or forecasts to the user, but rather an educational
process through which the user learns what is feasible and, more
importantly, what is not. The model user, wishing to examine
the implications of a possible scenario or forecast of interest
to him, describes a scenario to the model in terms of a relatively
small number of major exogenous variables and parameters, or if
he wishes, in terms of many more detailed variables and param-
eters. The model generates a solution and issues a report which
draws the user's attention to results that may not be feasible
or consistent; the model itself does not react to apparent dis-
equilibria or inconsistencies. The user must supply and try out
various combinations of possible reactions to inconsistencies:

- by altering the model by choosing optional specifications,
- by resetting major exogenous variables,
- by resetting major parameters,

- by setting or resetting minor or more detailed exogenous
variables, and

- by altering minor or detailed structural parameters.

467
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The economic system delivers goods and services to people;
the physical system is the stock or reservoir of materials,
some of which are renewable by means of physical processes and
some of which are not. The economic system takes materials from
the physical system and transforms them by processes that may use
capital and labour into products ready for final consumption, and
returns materials to the physical system in the form of industrial
by-products and spent consumer or capital goods (Figure 1). At
present we are concerned only with measuring and accumulating
selected flows of non-renewable resources as they are drawn into
the economic system.

PHYSICAL SYSTEM

RENEWABLE
RESOURCES
ECONOMIC — WASTES

NON- SYSTEM

RENEWABLE

RESOURCES >

Figure 1. Economic and physical systems.
THE MODEL

The economic system consists of two major submodels, the
demographic submodel and the economic submodel (Figure 2)}. The
demographic submodel includes population, household formation,
and labour force participation, and the economic submodel in-
cludes final demand formation, output determination, and the
labour, capital, and resource requirements. Demographic vari-
ables from Model A are used to set levels of demand in Model B.

There is no feedback from B to A in the model structure

itself. 1If, for example, the labour supply as calculated in A
is not consistent with labour requirements as calculated in B,
the user supplies the reaction in a subsequent simulation.
Model C brings together results for different parts of the model
and generates a report to assist the user in assessing the fea-
sibility and consistency of the simulation he has defined. The
user can react to this as outlined earlier.



-469-

‘MODEL B*
MODEL A’ ECONOMIC
SUBMODEL
—— DEMOGRAPHIC > :; cFJ:Jh'T‘:"fJ?EMAND -
SUBMODEL B3: LABOUR & CAPITAL
REQUIRED
‘MODEL C*
—> CONSISTENGY AND [

REPQRTING MODULE

USER

Figure 2. Structure of the long-term simulation model.

Recursive Structure

The model system is recursive in two senses, intratemporal
and intertemporal. Within each time period each block need be
calculated only once; the sequence goes from Model A to B1 to
B2 to B3 (see Figure 3). The system moves stepwise through time;
i.e., from t = 1,...,n. Because there are no diagonal arrows,
it is feasible to move columnwise from left to right instead of
row-wise--e.g., all of the Model A calculations can precede
Model B calculations. The downward arrows generally designate
the use of a stock variable where the stock in t+1 depends at
least in part upon the stocks in t. It is feasible for each
submodel to have its own time pattern as long as the time pattern
of the blocks on the right is a subset of the time pattern of
the blocks to the left. For example, Model A has a single year
time interval and Model B has a variable time interval which, in
our estimation, should be five years. This recursive structure
leads to computational efficiency.
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Figure 3. Recursive structure.

Demographic Submodel A

The demographic submodel A (Figure 4) calculates population
and household variables available to Model B and labour supply,
which along with labour requirements from Model B form the labour
consistency checks.
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Figure 4. Submodel A.

Population

Population in time t is calculated by taking population in
t-1, ageing it by one year, adding births and immigrants and
substracting deaths and emigrants (all calculations are performed
each year by single year age-sex groups). The major exogenous
variables are immigration and emigration; the major parameter,
fertility. The user may give the value for the long-term equi-
librium total fertility rate (i.e. value at 1985) and the total
immigration and emigration. Minor parameters are age-sex specific
mortality rates, immigration and emigration, and parameters de-
termining age-sex distribution of fertility rate.

Households

The number of households is calculated by applying age-sex
specific "headship rates" to 12 population groups. Headship rates
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for age-sex specific groups are projected into the future as a
linear function of time (for a chosen number of years and then
held constant).

Labour Force

Participation rates for specific age-sex groups are applied
to a source population (total population less armed forces, etc.)
Of less importance are participation rates for specific age-sex
groups whose default values have been estimated by means of eco-
nometric analysis of historical data.

Submodel B1

Model B1 calculates final demand in terms of 105 categories
(see Figure 5). The commodity composition of final demand is
obtained by the application of fixed converter coefficients to
these final demand categories. Special investment projects may
be simulated by adding the commodity requirements to other final
demands by commodity.

Consumer Expenditures

It is convenient to consider the calculation of total con-
sumer expenditures as an operation distinct from the distribution
of the total over the 40 component categories.

Total Consumer Expenditures

The user may specify either the total consumer expenditures
or growth rate of total, or the per capita consumer expenditures
or growth rate of per capita consumer expenditures. The major
exogenous variable is the total consumer expenditure (or its
growth rate) and the major parameters are per capita consumer ex-
penditures (or growth rate). If the first option is followed,
total consumer expenditures per capita are calculated for use
elsewhere in Model B1 by dividing total consumer expenditures
by the population from Model A. If the second option is followed,
total consumer expenditure is calculated by multiplying per capita
consumer expenditures by the population from Model A.

Distribution of Total Consumer Expenditures

The user may chose either the relative share method of dis-
tributing total consumer expenditures among the 40 categories, or
the method of distributing total consumer expenditures according
to an estimated relation between expenditures on categories and
persons per household (no further options for consumer expendi-
tures are available if this option is chosen).
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Figure 5. Submodel B1 final demand determination.
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If the first option is chosen, the total is distributed among
40 component categories by means of a set of share coefficients
that change through time. If the second option is chosen, con-
sumer expenditures by category are determined as a linear function
of total consumer expenditures and persons per household estimated
over the past. The values of the categories are constrained to
add to total consumer expenditures. Users may intervene in the
share mechanism by setting values, growth rates, or overriding
shares for specific consumer expenditure categories or major
groups; then the remaining share coefficients are adjusted to
assure additivity to the total.

Minor exogenous variables are consumer expenditures for spec-
ified categories or major groups, and minor parameters are the
time varying share coefficients whose default values have been
estimated by econometric analysis of historical data, or shares
for major groups of consumer expenditures.

Government Expenditures

Government expenditure on hospitals, education, defence,
medical expenses, and other current expenditures are determined
separately; the first four types are related to the appropriately
weighted segments of population; the others are related to con-
sumer expenditures per capita. The value added share of each
category is estimated separately.

Residential Construction

The number (stocks) of housing units is related to the total
number of households determined in Model A; a single multiple
distinction is made by using an estimated ratio of single housing
units to the total stock of housing; and the additional units are
then calculated as the difference between the stocks in t and the
stocks in t-1 after allowance is made for retirements from the
stock; finally the number of additions is valued in terms of 1961
dollars.

Business Investment

The user may supply either the absolute value of the average
annual rate of increase of non-residential construction and of
machinery and equipment investment, in which case the major ex-
ogenous variables are the value of non-residential construction
and of investment in machinery and equipment, or the business
investment share of GNE and the ratio of machinery and equipment
investment to business construction investment. Here the major
parameters are business investment share of GNE and the ratio of
machinery and equipment to business construction investment.



-475-

Government Investment

Government investment in schools and other buildings, high-
ways, other engineering structures, and machinery and equipment
are determined separately.

Exports

The user supplies total exports (or their growth rate).
These are distributed among 43 categories of exports by means
of a set of time varying coefficients. He may set values or
growth rates for specified categories or major groups and the
rest of the share coefficients will be adjusted to maintain ad-
ditivity to the total. The major exogenous variables are total
exports (or growth rate of), the minor exogenous variables ex-
ports by category or major groups (or growth rate of), and the
minor parameters the time varying share coefficients econometri-
cally estimated from historical data or shares for major groups.
The user may also intervene in the composition of exports at the
level of 680 commodities.

Submodel B2

Model B2 is an input-output transformation of final demands
by commodity into industry and commodity outputs that also calcu-
lates import requirements. The transformation takes place at the
most disaggregated level available--211 industries and 680 com-
modities (see Figure 6). The user is offered a choice of input-
output transformation of either, a fixed import share version,

INPUT-OUTPUT

TRANSFORMATION
FIXED IMPORT —
SHARE VERSION

FINAL DEMAND
FROM B1

INDUSTRY &
COMMODITY
OUTPUTS -IMPORTS

FINAL DEMAND
FROM B1
INPUT-OUTPUT

TRANSFORMATION
BALANCED e
TRADE VERSION

TOTAL IMPORTS

Figure 6. Submodel B2 output determination.
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or a variable import share (balance trade) version that takes
total imports as an exogenous variable and adjusts the share co-
efficients in such a way that imports sum to the prespecified
total. The major exogenous variable in this case are total im-
ports, and the parameters are market share, import share, and
import coefficients estimated from 1961 and 1966 input-output
tables (import share coefficient weights if the second option

is used).

Submodel B3

Model B3 takes industry and commodity outputs from B2 and
calculates labour and capital requirements. It also accumulates
the stream of investments into capital stocks and the use of non-
renewable resources (see Figure 7).

INDUSTRY

OUTPUTS LABOUR

FROM B2 REQUIREMENTS
INDUSTRY CAPITAL
ggg:nugzs REQUIREMENTS

INVESTMENT FROM

B10R B2 CAPITAL

SUPPLY

NON-RENEWABLE
RESOURCE
REQUIREMENTS

T

COMMODITY OUTPUTS
FROM B2

Figure 7. Submodel B3 labour, capital, and resource requirements.
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Labour Requirements

These are calculated by multiplying industry outputs from
B2 by industry specific time varying labour output ratios. The
minor parameters are industry specific time varying labour out-
put ratios and default values estimated by analysis of historical
data.

Capital Requirements

These are calculated by multiplying industry outputs from
B2 by industry specific time varying capital output ratios. The
minor parameters are industry specific time varying capital out-
put ratios and default values estimated by analysis of historical
data.

Capital Supply

Capital stocks of structures and machinery and equipment are
calculated by updating the stocks from one period to the next with
the stream of business investment and allowing for retirements
from the stocks according to the economic lives of assets. The
minor exogenous variables are the economic lives of assets.

Non~-Renewable Resources

Flows of selected non-renewable resources are accumulated.
It is necessary to interpolate between simulation years.

Model Software

Figure 8 shows the model software. Execution can be inter-
rupted after Model A and B! and reports obtained before incurring
the expense of the B2 calculations.
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THE MODEL-BASE-SYSTEM (MBS) PROJECT—
INTENTIONS AND ACTIVITIES

S. Dickhoven

The intention of the MBS project, briefly described in the
following pages, is to develop a software system that will
support the flexible setup and handling of computer-based
planning models of different methodological types. The result
of these efforts will be a special "operating system for
models" [1].

The project derives from a survey [2] on computer-based
planning in the FRG, done by our institute in 1974. The survey
showed that there exist many technical problems with models
developed by external institutions using various modelling
philosophies and different computer and operating system environ-
ments. Insofar as many of these technical problems would seem
to be avoidable, given modern software and OS-capabilities, we
undertook a second survey [3] on existing modelling software,
which produced the following conclusions:

- The scene in this software sector is very diverse. This
of course is a natural phenomenon that always occurs in
any relatively new and rapidly developing area of data
processing.

- Most of the analyzed software instruments in this sector
make use of what now are somewhat antiquated software
techniques--in comparison with those that, using modern
operating systems, should currently be possible.

- The development of software instruments in this area
normally proceeds in two steps. At the beginning most
efforts are spent on increasing methodological support
to satisfy the needs of the model builders, while inter-
faces to facilitate communication and understanding for
nontechnical users are often neglected. But after the
first versions are in use, and more users who did not
participate initially in model development become in-
volved, problems of handling it become more and more
important for further development. This second step
however is often never fully carried out, because the
original software concept does not allow it or because
the software developers are the only users of their
system, or because they have inadequate resources avail-
able to work on these problems.
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One of the few exceptions in this field of software systems
is the TROLL-System for econometric applications that has been
developed at MIT and is now held by the National Bureau of Econ-
omic Research (NBER), Cambridge, Mass. Besides rather good
methodological facilities in the field of econometrics it supports
its user by a wide range of operating system functions (for
example: data management, special edit-functions, macro- and
default-facilities, monitoring), using rather modern computing
techniques.

The MBS, in a comparable manner to the econometric system
connected with two or three existing construction-oriented
systems such as DYNAMO and MEBA (a German econometric system)
and offering interfaces to some data base systems and data
analysis packages, will support as far as possible the following
groups of modelling activities:

- specification of formal model structure and of structural
parameters,

- generation and loading initial data,

~ call and processing of models of different types,
- model-linkage,

- adaptation of external models,

-~ data analysis and report generation, and

- management and documentation of data and models.

In developing such an operating system for simulation models
we hope to enable (as far as possible) nonexperts with computers
to work with different models and model types in a rather unusual
manner.

Assisted by the pilot users of our system, we intend to
promote standardization efforts in modelling, e.g., by setting
formal model interface standards that are common to a wide range
of different model types, and that help facilitate the linkage
of different models or at least of all model types, developed
for or granted by the MBS pilot users.

Although only a few steps in this direction seem to be
possible, we hope to make a little progress; for standardization
efforts are a necessary supposition for transfer of model know-
how and increase of cooperation between model-builders and users
towards better modelling. To support these efforts, we have
initiated a discussion circle through a workshop on modelling
software [4], in which developers and users of socioeconomic
models as well as developers and users of modelling software
are engaged in clarifying the picture in this software sector
and in promoting cooperation in further software development.
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The project that started at the beginning of the current
year is now in the software design phase, at the end of which
there will be a User's Guide issued. This project phase, which
should end in the first half of 1977, will address problems of
the integration of existing model construction systems, data
base systems, and analyzing systems into the MBS or the develop-
ment of language concepts for both an extended (FORTRAN- or TROLL-
similar) system language, to include both a modelling language
and statements for system control. After this conceptual phase,
a revision phase will take place in which real modelling tasks
of different types are simulated to discover weaknesses of the
system. The project--including programming, testing and imple-
mentation of the first version--is scheduled for completion by
the end of 1978.

Further Project Data

- Financial support: German Federal Ministry for Research
and Technology.

- Pilot users: German Federal Ministry for Educa-
tion and Science.
German Federal Ministry for Labor
and Social Affairs.

- Project staff: Siegfried Dickhoven
Willi Kloesgen (leader)
Ulrich Licht
Gerhard Paass
Uta Pankoke
Wilhelm Schwarz
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TOWARDS AN INDICATOR SYSTEM FOR THE
RELATIONSHIP BETWEEN POPULATION AND
BASIC HUMAN NEEDS

J. M. Richardson, Jr.

This brief paper is a progress report on a project oriented
towards the development of an aggregate set of indicators for
the relationship between population and the fulfillment of basic
human needs. After a review of relevant literature, a proto-
typical index, focusing on population, employment, urban develop-
ment, health, and food has been developed. Eight countries have
been selected for the purpose of making a preliminary assessment
and providing a basis for refinement and modification of the
index.

RATIONALE

In 1974, the closely intertwined issues of population and
food were addressed by the nations of the world at international
conferences in Bucharest and Rome. A third issue, habitation,
was examined at the Vancouver Conference in May-June 1976. 1In
June the International Labour Organisation held a special inter-
governmental conference on unemployment. Underlying all of
these gatherings of our diverse and fractious global community
is a common theme: recognition that fulfillment of certain
fundamental human needs must assume much greater importance as
a goal of national and international policy.

It is apparent that issues related to population, food,
employment, health, and habitat will receive increasing atten-
tion in international forums during the next quarter century.
Perhaps most influential in presenting this view have been
several studies sponsored by the Club of Rome that have force-
fully argued that continued growth in population, profligate
attitudes toward resources, and narrowly focused national
policies will lead to fundamental and disastrous changes in the
human condition.

If fulfillment of basic human needs is to become a more
important and explicit goal of national and international policy,
the development of comparable, recognized, and widely accessible
measures of performance relevant to this goal is essential.

There is not now in existence even an adequate data base which
would support such a development. While segments of the total
issue are under active study, there exists no ongoing effort to
develop an aggregate indicator, supported by an appropriate data
base that could focus national and international attention on
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the total problem of fulfilling basic human needs. To address
this critically important area of national and international
policy, the project to develop a composite index of population
and the satisfaction of basic human needs has been established

as a joint undertaking of the World Population Society and The
American University's Center for Technology and Administration.
The basic conception of the project, as well as its underlying
rationale, were first presented at the International Population
Conference "Since Bucharest--and the Future" of the World Popula-
tion Society, held in Washington, D.C. in November 1975.

DEVELOPMENT OF A PROTOTYPICAL INDEX

Development of a prototypical index has been the project's
first objective. The basic development strategy is depicted in
Table 1.

Table 1. Developmental strategy.

Literature search and review
- History of major indexes in wide use
- Theory of index number construction

- General Studies and surveys of index number
construction

Identification of significant factors
Formulation of prototypical composite index
Selection of a spectrum of nations for analysis
Preliminary data base development

Calculation of preliminary results using
prototypical composite index

Modification of composite index based on preliminary
results

Review of the relevant literature was focused on the
history of major indexes in use, the theory of index number con-
struction, and general studies of index number construction. A
study by the National Academy of Sciences Planning for Environ-
mental Indices, February 1975, has proved to be particularly
helpful. Seven major functions of indexes were identified in
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this report (Table 2). This enumeration of functions emphasizes
the symbiosis of science, art, and public relations which
characterizes a good index. Such a symbiosis is much easier to
describe than to achieve.

Table 2. Functions of a good index.

Enhance communication
Highlight significant conditions
Illustrate major trends

Inform both professionals and laymen about the status
of a particular issue

Assist in formulating and measuring progress towards
goals

Facilitate the judgment and decision-making process

Source: Planning for Envirommental Indices,
National Academy of Sciences, Washington,
1975

Structuring a complex phenomenon in terms of a manageable
number of well-defined issue areas is an extremely difficult
task. Many hours of discussion were required to achieve a
reasonable, workable compromise between desirable and achievable
objectives.

We have chosen to focus on the relationship between basic
human needs and the capacity to meet basic human needs in the
following four areas:

- health,

- housing,

- medical services, and
- employment.

A somewhat more complex factor, urban complexity and the
capacity to manage urban complexity is incorporated to recognize
the fact that meeting human needs is often vastly more difficult
in urban settings. Our choices reflect a decision to focus only
on the most basic material human needs. In particular, the per-
plexing areas of environmental and psychic needs have been ex-
cluded. It is hoped that this focus will simplify measurement
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problems and lead to a greater degree of consensus regarding
the factual basis for index values. Our preliminary investi-
gations demonstrated that reasonably adequate, comparable data
will be difficult enough to gather even given this very simple
conception of basic human needs.

The basic structure of the prototypical index is illustrated
in Figure 1. Prototypical subindexes measure the relation between
human needs and the capacity to meet those needs. Agregate per-
formance is weighted by a prototypical index of a nation's capac-
ity to manage existing levels of urban complexity. A more mathe-
matical description has not been included, because of space limi-
tations, but may be obtained by contacting the author.
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Figure 1. The composite index.

Seven countries have been selected for the purpose of
developing a data base for preliminary investigation and re-
finement of the index. The countries are Argentina, Bangladesh,
Brazil, The Netherlands, Ghana, Japan, and the USA. Puerto Rico,
although not an independent nation, will also be examined. Data
collection has proved to be somewhat more difficult than antici-
pated (even after extensive experience with global data).

However preliminary results, for at least some nations should
be forthcoming in the near future.



EUROPE PLUS THIRTY—A FACTUAL NOTE

Lord Kennet

The Europe Plus Thirty project took place between June 1974
and September 1975. 1In September 1975, it submitted a report in
answer to the questions which had been asked of it by the Council
of Ministers of the European Community. These questions were:
should the EC have a long-term multi-sectoral forecasting capac-
ity? If so, how should it work and who should it report to?
Should there be a European Office of Technology Assessment?

The answers were: Yes, there should be a forecasting capac-
ity; it should be between 30 and 50 people, and should use ex-
isting institutions where convenient. Modelling was regarded
as one implement in the forecaster's battery. There should not
be a European Office of Technology Assessment, but the continu-
ing forecasting unit should do some technology assessment. It
should report equally to the European Commission and the European
Parliament.

The next move must be a proposal for action from the Commis-
sion to the Council of Ministers. The present Commission retires
in its entirety at the end of this year, and it is expected that
the proposal will be made by the new Commission which comes in
on 1 January, 1977.

The report will be published by the Cambridge University
Press for the European Commission, under the title of The Futures
of Europe, on 4 November, 1976. This edition will be in English.
Editions in other Community languages are to follow.
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MECHANISMS OF SOCIOPSYCHOLOGICAL
DEVELOPMENT

J. Millendorfer

INTRODUCTION AND ACKNOWLEDGMENTS

The so-called soft variables have been gaining importance
in discussions on the future. The importance of the question
of values, motivations, and ways of acting has been emphasized
by all--even by those who develop mathematical models on the
basis of hard variables and who dispense with soft variables
because they are difficult to quantify. This paper is to be
understood as an attempt to carry out hard observations of soft
variables, using a comparison by countries of variables that
are understood to be indicators for these soft variables. 1In
addition to my own experience, which I collected with Dr.
C. Gaspari in a comparison by countries of hard variables,
essential prerequisites for this paper were the cooperation
with psychologists of the Study Group of International Analyses,
in particular (Mrs.) Dr. A. Fuchs, and the discussion with ex-
perts in psychology and social psychology, in particular with
Professor V. Frankl, Professor E. Ringl and Professor H. Strotzka.
May I herewith express my gratitude for the cooperation, for the
valuable comments and for the fertile critique.

EARLY HISTORY OF THE WORK AND STATEMENT OF THE PROBLEM

While investigating long-term societal development pro-
cesses [1l], in particular those of economic development, a
residual factor was enunciated in connection with the developed,
so-called general production function [2]; this residual factor
describes the efficiency of the use of the production factors
and it has five different values in the five different greater
zones of the world. Culturally determined values, motivations,
and pattern of behavior were assumed to be the explanation for
this residual factor. It was shown during a further investiga-
tion of this problem that the effects of these soft variables
were not confined to the production region, but that they also
touch on the life-region: the emphasis moved then to the latter
one. I have chosen out of many observations of relationships
in this region to illustrate the problem (Figure 1). One can
see that the suicides in the countries of origin and the suicides
of US immigrants coming from those countries show a highly posi-
tive rank-correlation. So the following questions can be raised:
Firstly, are there mentality differences in the various countries,
that determine--at least in the first generation--certain patterns
of behavior of the immigrants originating from those countries;
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rank-order of suicide
of US immigrants

: rank-order of suicide
in countries of origin

Figure 1. Comparison of the number of suicides of US immigrants
from different countries and the number of suicides in
the countries of origin.

secondly, are there indicators for such pattern of behavior; and
thirdly, are there sociopsychological mechanisms that can be
described by these indicators.

During the empirical investigation of these questions on the
basis of heuristic hypotheses stimulated by already existing
theories (e.g. "Praesuicidales Syndrom" of E. Ringel [3]) the
relations shown in Figure 2a between suicides and divorces emer-
ged showing a very stable correlation: it appears in all cross
sections all the way up to the beginning of the 20th century.
Observations on the correlation between psychoses and car acci-
dents (Figure 2b) agree with the opinion of traffic psychologists
that psychologically linked human failure is a main cause of
accidents. A cross-check, namely the empirical examination of
the hypothesis that traffic accidents depend on traffic density,
did not show any significant correlation. Starting from these
single observations, stimulated and interpretable by the theory,
one can raise the question of whether these observations are to
be viewed within a greater framework of relations.
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Figure 2a: Correlation between suicides and divorces in European countries.
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Figure 2b: Correlation between psychoses and car accidents.
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THE METHOD OF INVESTIGATION

The important question of the method of investigation can
be dealt with only briefly: It is based on a process of model
development, described in [4]. Starting from a first observa-
tion or hypothesis on the basis of a "pragmatic decision" [5],

a preliminary model is developed. The predictions of this first
model, are checked empirically; this examination yields addition-
al information and leads to improvement of the model, which is
followed by a third such step, etc. until a comparison of the
model with reality shows no necessity or possibility of a correc-
tion or improvement of the model. A peculiarity of the method
used in this work is the understanding of certain variables as

indicators for more global variables hidden behind them, as
shown in Figure 3.
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Figure 3. The extreme case of a variable as an indicator for the total
extent. The intensity of a certain variable (e.g. the intensity
of a certain sociopsychological stress) is plotted against the
number of persons subject to this variable.

From a certain threshold value of stress on, extreme be-
havior can be observed. Keeping the threshold value constant,
the extent of extreme behavior can be interpreted as a measure
of the global variable. The method is sensitive to disturbances
of the threshold value (e.g. to the change of provisions con-
cerning divorces, if one takes divorces as a measure of the
extent of troubled marriages), but it yields stable results, if
the threshold value is kept constant.
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ADDITIONAL OBSERVATIONS

. If one correlates the four variables of Figures 2a and 2b
in a different way, the pattern shown in Figure 4 results.

(suicide/car accidents)
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Figure 4. Comparison of divorces and psychoses, and suicides and car
accidents. The numbers in parentheses behind the country
symbols: first number, rank-order of suicides; second number,
rank-order of car accidents. High frequencies correspond to
rank-number 1, low frequencies to rank number 15.

At first sight, no correlation can be recognized; but if
we follow the numbers assigned to the rank-order of suicides,
we can see that, with few exceptions, they decrease along the
lines in the direction of the arrows, i.e., that the suicides
increase in this direction. If we look at the traffic accidents,
we can recognize principally the opposite trend. The sum of
suicides and car accidents results in each case along a full
line in a certain level--highest along the line in the right
upper corner and lowest along the line in the left lower corner
(Figure 5). We can interpret this line of constant sum of
suicides and car accidents rates as a stress-level. At the
highest stress level the number of divorce rates and suicide
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rates on one hand and of psychoses and traffic accidents on

the other hand are highest. On lower levels the data are lower.
There is--formally identical with the constant sum of suicides
and car accidents and the increase of suicide in direction of
the arrows--a substitution of car accidents by suicides along
the full lines in the direction of the arrows and vice versa.
Going from one level to another, there is--if one follows the
rank orders of suicides--in each case a jump from the left

end of one level to the right end of the other.

Before interpreting this correlation, let me represent
the four variables in a different way (Figures 5 and 6).
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Figure 5. Comparison of a weighted sum of suicides and an
index of accidents, and a weighted sum of divorces
and an index of psychoses.
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Figure 6. Comparison of a wieghted sum of suicides and an index
of psychoses, and a weighted sum of divorces and an
index of accidents.

The weighting factors of the sums were determined, starting
with the parameters that result from the simple regressions
represented in Figure 2 based on the idea of a projection of
the observed points onto a plane perpendicular to the regres-
sion line, such that the sum of the squares of the distances
between the points was a minimum. The method leads in both
cases to the same clusters of countries. These clusters again
correspond to the stress lines of Figure 4 (excepting Italy
and Poland, for which according to the cluster method a fourth,
very low stress level resulted). Figures 4 to 6 show the same
result in that there are clearly distinguishable groups of
countries that emerge during the observation of the correla-
tions of our four variables for the year 1966: there are empty
spaces between these groups of countries. One can raise the
guestion of whether the relation of the variables in these
groups of countries describes something like a stable system
status and that the spaces between the variables something

like an unstable system status, correspondingly not occupied.
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A FIRST CONTENT ORIENTED INTERPRETATION

The probability for suicides to occur rises with every
stress level: this is accompanied by an increase in divorces
and psychoses. If we interpret divorces as an indicator for
disturbed human relationship and psychoses as an indicator for
loss of realitis, a connection can be made between our results
and Ringel's findings, namely that the probability of suicide
depends on the amount of self-aggression in an individual,
caused by disturbed human relationships and loss of realitis.
We can interpret the substitutions between suicides and car
accidents, if we consider traffic accidents as an indicator of
external aggression (against others) and suicide as an indicator
of internal or self-aggression, as a substitution between ex-
ternal and internal aggression at every level.

Observing one stress level, we can see that the indicator
of external aggression decreases as soon as the indicator of
internal aggression increases. This process develops up to a
certain point, whereupon the one system becomes unstable and
changes over to another more stable state. The instability
occurs in subsystems, namely in the small groups based on close
face~to-face human relations. These subsystems become stabil-
ized by diminishing the communication to outside namely by
worsening the loose human relations and by suddenly increasing
external aggression. This change shows up in the diagram as a
jump from one level to another.

The same process starts again at the next level. The loose
human relations measured by traffic accidents become better,
the close relations of the partners measured by divorce rate
become worse. Since the level as such is higher, the entire
situation is worse. If we propose that the human being needs
close human relations and that he needs small groups in a
dynamic sense, we can postulate that when the group relations,
for instance in a family, become worse, the entire system
becomes unstable. This system gains stability by isolation
against external influences through worsening the loose human
relations and the loss of sense of reality, shown by the rise
of psychoses. The disturbance of loose relations shows up as
a rise in traffic accidents.

The process begins in Europe by a slow breaking down of
human relations in the system of marriage. This system becomes
more and more unstable, and the resulting jump leading to a
higher level only worsens the situation. Although it seems
that the jump stabilizes the close human relations by isolating
the individual, both the close and the loose human relations
become worse. Thus an iterative process of breaking down of
close and loose human relations emerges; it leads the individual
to a situation that makes a suicide possible and ever more
probable.
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Many more relations fit the pattern of our observations
and forms the self-consistent theoretical framework that serves
as the sole background for the interpretation of our hypotheses.

A check of this interpretation using the path analysis from
the model depicted in Figure 7 yielded a positive result.

Ra
|
i 0.35
divorces 0.30 > suicide
g 7> 0.22
psychoses 0.70 accidents
A
}'0.72
i
i
Rb

Figure 7. Model of causal relationships tested by path analysis.

A Formal Completion of the First Interpretation

If we consider "close human relations" as relations within
a group, then we can conceive of their improvement as an intensi-
fication of the bonds in the group. If we look at the intensi-
fication of the bonds in a subsystem as an "organization" and
at the relation of this subsystem to other subsystems and
higher-placed levels as an "integration", then improved "loose
human relations" mean an improved integration. The decay of a
system through disorganization of subsystems and their disinte-
gration in the global system goes in the opposite direction.
Looked at this way, the described mechanism is an interaction
between disorganization and disintegration. The disorganization
leads to a status unstable for the subsystem, and this status
is transformed through a disintegration of the global system
into a status more stable for the subsystem. A further disorgan-
ization leads again to the unstable status, which in its turn
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leads to a jump into a further disintegration. Vice versa,
the bonds in the system would have to be strengthened by an
interaction of organization and integration. A formal task
resulting from these considerations would be an examination of
the correlations between partial stabilities (in the sense of

stability of subsystems) and total stabilities of complex
systems.

ADDITIONAL OBSERVATIONS

The variable psychoses and psychoneuroses shows a high
negative correlation with age-corrected mortality for cervical
cancer in a comparison by countries (Figure 8). This observa-
tion is in no way surprising: On the one hand, based on the
observation that cervical cancer has never been observed in
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Figure 8. Comparison of rank-orders of psychoses and psychoneuroses
(age-corrected mortality rate for cases of death in the inter-
national classification A67 and A68) and cancer cervix uteri
(age-corrected mortality rate).
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nuns, whereas it has often been observed in prostitutes (e.g.
in the town of Laredo, situated at the Mexican border and
renowned for that), there has for a long time been the con-
jecture that cervical cancer has to do with sexuality and
promiscuity. These conjectures are supported by new observa-
tions to be described later on. On the other hand, S. Freud
has claimed that sexuality that has not been lived out could
be the cause of psychoses. Thus Figure 8 would correspond--
assuming that the above mentioned conjecture applies-- to
Freud's theory.

Investigations of E.B. Lucky and G.D. Nass [6] and of
H.C. Christenson [7] show that there are great differences in
attitude towards and behavior relating to sexuality in the
countries Denmark, Sweden, Belgium, the UK, Germany, Norway,
Canada, and the USA. A rank-order of these countries corres-
ponding to higher promiscuity, according to polls, corresponds
exactly to the rank-order of European countries corresponding
to cervical cancer (rank-order correlation 1). Moreover, re-
cent results of cancer research give strong support to the
conjecture that cervical cancer has to do with sexuality.

Papers given by various epidemiologists at
the recent Florida conference on the epidemiology
of cervical carcinoma emphasized that some relation-
ships are based on solid facts, whereas others
are essentially legends and myths. There was a
clear relationship between the risk of cervical
carcinoma and the age of the first intercourse,
and also the number of sexual partners. There
was no significant correlation with the number of
pregnancies or the circumcision status of the male
partner. An important piece of information con-
cerned the contraceptive device: obstructive
contraception was clearly of preventive value.

The conclusion was drawn that a carcinogenic agent
is transmitted from the male to the female during
adolescent intercourse that contributes to the
risk of cervical carcinoma [8].

In a discussion the psychosomatists and cancer researchers
have shown an identical point of view. Cervical cancer can thus
be used as an indicator for sexuality in comparisons of coun-
tries.

A SECOND INTERPRETATION

Inserting the sexual indicator into Figure 4, instead of
psychoses, results in the same pattern, only with opposite
signs (Figure 9). The number of suicides increases with in-
creasing sexuality until it reaches an unstable point, from
which (with a further increasing number of suicides) the jump
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Figure 9. Modified Figure 4, abscissa: rank-order of the sexual
indicator (instead of psychoses); ordinate: rank-order
of divorces. The number after each country symbol is the
rank-order of suicide.

to the next-higher stress level takes place; the jump is
accompanied by a decrease in sexuality and an increase of
psychoses (Figure 8). After a new increase of sexuality the
number of suicides increases again, until it reaches the next
unstable point, etc.

It is of interest that family quality and sexuality show
a negative correlation along the level lines. Particular con-
sideration should be given to the fact that the correlations
between the variables along the level lines and those from a
level line to another one are of opposite sign. This means
that opposite points of view must be adopted if one reasons
along the level lines or if one considers the relations between
the level lines. Perhaps this could explain the contrary
nature of discussions about sexuality.

A path analysis of the second interpretation failed at
first due to purely formal difficulties caused by an extremely
high correlation ("multi-colinearity") of both variables,
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psychosis and cervical cancer (as sexual indicator), which
were looked at as causal variables. Fortunately, it appears
that the causal interpretation of the correlation between these
variables has been confirmed by a connection of the latest re-
sults of cancer research and sexology as well as by an old
psychoanalytical theory based on Sigmund Freud's findings.

EXAMPLE OF APPLICATION, SUMMARY, AND PROSPECTS

An indicator for family quality was developed during a
series of family surveys on the basis of comparison by coun-
tries. If one inserts the rank-orders of the countries accord-
ing to this indicator into Figure 4, a worsening of family
qguality can be observed in the direction of the arrows, along
the full lines, whereas an improvement takes place in the
direction of the arrows along the broken lines. This can be
considered as a supporting argument for the interpretation
elucidated earlier. Additional information from the results
of sexology research--inserted into Figure 9--shows that the
so-called single-concept (as opposed to the double-concept)
becomes more pronounced in the direction of the arrows. Thus
the mechanism described could be conceived of as a process
leading towards a single concept through alternating disorgan-
ization and disintegration. At present investigations are
being carried out to confirm and modify the correlations des-
cribed into a larger framework of relations. The iterative

process of derivation of improved models for hard observations
on soft variables goes on.

REFERENCES

[1] Millendorfer, H., and E.O. Attinger, Global Systems
Dynamics, Medical Care, 6 (1968) 467-489.

(2] Millendorfer, H., and C. Gaspari, Immaterielle and
materielle Faktoren der Entwicklung--Ansdtze zu
einer allgemeinen Produktionsfunktion, Zeitschrift
f. Nationaldkonomie, 31 (1971) 81-124.

(31 Ringel, E., Der Selbstmord--Abschluss einer krankhaften
Entwicklung, Maudrich, Vienna, 1953.

[4] Klaus, G. (ed.), Worterbuch der Kybernetik, Dietz-Verlag,
Berlin, 1968, p. 422.

[5] *“Pragmatic Decision" According to "Pragmatischer Ent-
schluss", in H. Stachowiak, ed., Allgemeine Modell-
theorie, Springer, Vienna, 1973.

{6] ©Luckey, E.B., and G.D. Nass, A Comparison of Sexual Atti-
tudes and Behaviour in an International Sample,
Journal of Marriage and the Family, May (1969),
365-379.



-502-

[7] Christensen, H.T., Attitudes Toward Marital Infidelity,
Journal of Comparative Family Studies, (1973),
198-211.

[8] World Health Organization, Oncogenesis and Herpes Viruses
II, Part 2: Epidemiology Host Response and Control,
IARC Scientific Publication No. 11, International
Agency for Research on Cancer, Lyon, 1975, p. 391.

DISCUSSION

M'Pherson agreed that it is very important to have the
production functions express. explicitly also the quality of
management, the quality of labor, the efficiency of a society
in turning its resources into production, etc. He wondered,
though, to what extent statistics on suicides, divorces, car
accidents, etc., can express quality of life--a society with
no divorces at all may not be a happy society, it may just be
operating under a different culture. McLean pointed out that
low efficiency coefficients of a society may simply reflect a
conscious societal choice to have a better life rather than
economic efficiency.

Burke stressed that, in pursuing this approach further,
one should increasingly be preoccupied with nonevents as a
yardstick for quality of life than with events--the nonbirth
of babies, nonstrikes, etc. 1In reply, Millendorfer pointed out
that many more variables were used than those he had focused
on. Furthermore, he wished to distinguish carefully between
variables one is really interested in and variables used as
indicators for them. Thirdly, he wished to stress that by no
means all of STUDIA's work is dealing with soft variables; it
seemed important to him, however, in a conference of this kind
to lay particular emphasis on these variables, as in practical
work, they are often badly neglected.
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SUMMARY
K. S. Parikh

After nearly four days of discussion of various technical
points, I feel that in a short summary one should forget the
various technicalities. I shall therefore only give a broad
summary of what I felt was the major thing I discovered in the
models presented here.

First SARUM: I liked the fact that, in SARUM, an attempt
is made to estimate the various relationships econometrically
rather than to describe them as if one were sitting under a
tree with divine wisdom. Maybe this was necessary in earlier
efforts, but as we grow more experienced in global modelling it
is better to really try to come to grips with reality as far as
possible. I found the fact that this is not a conclusion in
search of a model to be something guite admirable. In some of
the earlier efforts I felt that they were models of conclusions
in search of models. After saying this I would like to point
out one thing to Mr. Roberts. I am not so optimistic about the
use of such models or of the effectiveness of specialists in
affecting policies as he seemed to be in his concluding observa-
tions.

In India we have a custom of consulting astrologers. When
some match has been proposed, one consults an astrologer who
compares the horoscopes of the potential bride and the bride-
groom. Normally, what one does is to look around till one finds
an astrologer who says "go ahead, this is a good match". On
the other hand if you do not want to accept the match, you find
someone who says, "Oh, this is terrible". This is the kind of
behavior politicians also have. They shop around till they
find a specialist who tells them what they really want to hear.
Although I think it is worthwhile to develop models, one should
be a bit more realistic about the potential usefulness of models
for policymaking.

Now to the normative model of planning. I am really im-
pressed by it, particularly when I compare it with the models
of planning used in India. For example, let me just describe
briefly the characteristic of the planning model used for
deciding the fifth five-~year plan in India. It was a static
target year resource allocation model in which the levels of
trade were prescribed externally. Also there was no internal
income generation in the model and there was no adjustment of
consumption patterns to prices. 1In all these senses the MRI is
an improvement. It is a dynamic model and in it consumption is
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internally determined. It responds to relative price changes
and also the subsequent version endogenizes the decisions on
fertility and population as well. I am impressed. I think it
will be very useful when fully developed.



AN APPRAISAL OF GLOBAL MODELLING
ACTIVITIES

J. M. Richardson, Jr.

In my assessment of the Conference, I wish to return to a
theme that I have emphasized throughout the four days we have
been together. The theme is the usefulness of models to
decision makers. It is significant to note that this theme
has received a similar emphasis in discussions of the future
of IIASA by Professor Gvishiani, the retiring director, Dr.
Raiffa, and the new director, Dr. Levien. These statements are
all found in IIASA's 1975 Annual Report.

In his "preface" to the report: Professor Gvishiani em-
phasizes that

...in stressing the applied aspect of our method-
ologies we must look still harder for productive
links with the decision makers in gaining and
justifying their confidence. IIASA's role in doing
such a service to science will be profoundly
appreciated by researchers and decision makers

and will bring us new allies and supporters.

In his speech at the November council meeting, 1975, Pro-
fessor Raiffa emphasized a similar theme:

ITASA will in the long run, have to justify
its existence by making substantial contributions
to real problems. [emphasis added] We will judge
our leadership on how well it seizes the oppor-
tunities that arise. Our future leaders must
dare to take on those risky problems where the
greatest potential benefits lie.

Let us be courageous, let us believe in
ourselves, and let us create an institution that
is relevant for the precarious world we live in.

It is clear from the "director's message" for 1976 that sub-
stantial contributions to real problems will be a continued area
of major, even increased, emphasis at IIASA. Dr. Levien has
said that

...it has been desirable to interlink the efforts
we have begun and focus on those topics that are
likely to have a strong impact on matters of
importance. [emphasis added]

507
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The field of global modelling is in its very early stages.
To borrow a phrase from Thomas Kuhn, it does not yet have a
well defined paradigm. As scientists then, it is proper for
us to be concerned with those issues of theory and methodology
that will, as they evolve, define the boundaries of this new
field. But our concern with issues pertaining to science as
science must not direct us away from the major objective of
global modelling activities: to significantly contribute to an
understanding of critical problems now facing mankind. Accord-
ingly, it is essential in my judgment that we pose to all global
modelling efforts, the three questions that I have posed on
several occasions over the past four days:

- What critical problems of substance have been identified
by this modelling activity?

- What, if anything, do the models have to offer in the
way of solutions to these problems?

- What degree of confidence can be placed in these solu-
tions?

As scientists, we are properly aware of the severe limita-
tions of our methods. This is nowhere more true than in the
field of global modelling. Yet we should be reminded of the
observation of Professor Pestel, expressed two years ago at the
first conference on global modelling.

We strongly resent the suggestion, frequently
made, that scientists should not publish statements
and recommendations regarding situations in which
there are elements of judgement or uncertainty
and for which "scientific tests" cannot be conduct-
ed. This would effectively eliminate scientists
from any consideration and discussion of mankind's
long-term future, where such a degree of certainty
is just not attainable. Scientists could thus be
unduly penalized and forced to leave the arena of
public discussion to those who have even less in-
formation about the world's future course.

Before closing, it seems appropriate to ask whether IIASA
should sponsor a fifth global modelling conference. If so, one
possibility, would be to use a similar form to the one used
successfully in this conference and its predecessors. However
in urging that IIASA and its member organizations do sponsor a
fifth global modelling conference, I should like to urge a some-
what different focus. By September of 1977, four years will
have elapsed since the publication of Limits to Growth. Three
years will have passed since the first results of the Mesarovic-
Pestel work were presented at IIASA. The global modelling effort
headed by Herrera and Lindemann will also have been on-going for
a substantial period of time as will those which we have had
presented to us today. I believe it would be appropriate, at a
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fifth global conference to assess the future of this field by
devoting some attention to its brief, but already rich past.
The conference would address itself to the issues of outcome,
process, and implementation.

The first part of the conference would be devoted to a
careful and critical review of previously initiated global
modelling activities, hopefully by the leaders of the major
groups. Each group would be asked to respond to the following
questions.

- What is the present state of the modelling activities
of this group? What refinements of the model have been
made since it was first presented? What steps have
been taken, through validation and sensitivity analysis,
to improve the confidence of decision makers in the re-
sults of the model?

- What 1s the state of the data base and documentation
supporting the model? What steps have been taken to
resolve the problems of data availability noted when
the model was first presented? Has there been an attempt
to focus on those data problems that careful sensitivity
analysis suggested to be of particularly critical impor-
tance?

- What has been the impact of the modelling efforts of
this group? In particular, what changes in policies
or in the policy making process can either directly or
indirectly be linked to this modelling effort? Second,
what, if any, changes in the world have occurred as a
result of this activity?

The second section of the conference would examine the
process of organizing interdisciplinary global modelling efforts,
presenting results, and interfacing with decision makers. Each
of the major global modelling groups would be asked to discuss
the way in which their research was organized, and the way in
which resources were allocated to developing the model, collect-
ing data, negotiating with decision makers and the scientific
community for acceptance of the results and publicizing the re-
sults. In every global model effort, difficult and critically
important judgments have had to be made in each of these areas.
"Success" of the modelling effort has been determined as much by
these decisions as by the content of the model. Obviously, some
of these issues are extremely sensitive. However they are also
critically important. It is to be hoped that IIASA could provide
a forum in which they could be discussed candidly and openly.
Such discussions could perform an invaluable service for the
international community of scientists as it becomes increasingly
involved in the process of policy making.

The third section of the conference would be devoted to a
discussion of other models that have actually been implemented
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and had an impact on the policy-making process. A number of
such models exist, both in government and industry. Emphasis
would be on concrete, observable results and the way in which
these results had been achieved.

I hope that the organization of a fifth global modelling
conference will receive serious consideration. There are few
activities, in my judgment, that are more central to the ideas
that motivated the creation of IIASA. I share and warmly endorse
Professor Raiffa's validictory remarks which are as appropriate
now as when he offered them:

I believe IIASA has a mission. It must keep
its doors open so that scientists who have a broad
vision of tomorrow's world can communicate with
each other. ...We must learn today how we can
jointly grapple with some real problems so that
we shall be better able to grapple with the strain
of equally devastating problems that will surely
shape our societies in the not distant future.



CONCLUDING REMARKS

G. Bruckmann

After the flattering remarks by John Richardson, I feel
obliged not to let you all leave before having had to listen to
a final word from my side, too. Let me thank you, both in an
orthodox and in an unorthodox fashion.

First to the orthodox fashion. My first word of thanks
goes to the major modelling groups; first of all for having come
and presented the models at all, which is not so self-explana-
tory because all of them are involved very greatly in their work,
and to tear a whole fine group away from their work for an ex-
tended period of time causes troubles well-known to us all.
Second, for having really exceeded all former modelling efforts
presented at IIASA by the extremely fine preparation: This was
the first time that all papers of all the major models were
available several weeks ahead of time. Everybody who knows the
terrible impact of deadline, will again know what that means.
Third, for the great pain to which they had gone in presenting
the papers here. The fact that they repeated most of contents
of the papers is not to be blamed on them but rather on many of
us who, in spite of having received the papers well ahead of
time, had not studied them sufficiently.

This brings me to a suggestion made by several participants
in the Conference--that maybe in the next conference we should
go one step further. If there is a fifth global modelling Con-
ference, it could be envisaged to cut out the presentation of
the papers altogether (or to reduce them to short summaries of
5-10 minutes), and to have instead discussants who give a 20
minute discussion of each of the papers, before the floor is
opened to general discussion. If this procedure is announced
along with the papers ahead of time, it will exert some pressure
on those who might otherwise not find the time to study the
papers sufficiently.

My second word of thanks goes to all other gentlemen who
have agreed to give a paper today, following our old tradition
to have a fourth day set aside to inform the audience on any
new modelling efforts going on.

My third word of thanks goes to all discussants who have
participated in the discussion. Again I do not think it is
only my feeling that the discussion of this Conference has been
of a much higher quality than at any former conference we have
had.
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And this brings me now to my unorthodox winding-up. I
have the definite feeling that something has emerged that could
be called a "community spirit" of the global modelling group in
the whole world--a community feeling that, in my opinion, seems
to be stronger than in many other comparable disciplines.

I have given some thought to what might be the sociological
roots for this. I found two--there may be others or I may be
wrong--one: global modelling, in my opinion, is so vast a field,
there remains so much to be done, that nobody needs to be en-
vious of results that a colleague may have found instead of
himself. But that alone does not suffice; there is a second
aspect, in my opinion, namely: that global modelling is so
muddy a field, that one cannot really earn great merits in a
short space of time. So in my opinion it attracts a special
brand of people who are humble and modest of spirit, more de-
voted to the task than to visible earnings, be it in money or
reputation terms. And given these two factors it should not be
surprising that our discussions have been very frank, very open
minded, very direct, without any mental reservation or hidden
traps. All the contributions have been in a very friendly,
constructive, helpful, and genial tone. And it was this combin-
ation of frankness and friendliness that perhaps gave me the
feeling of an emerging community spirit.

R. E. LEVIEN

I shall keep my closing comments very short. I want to say
only that we were very happy to have you with us. I am pleased
that the meeting has been successful and that the proceedings,
interaction, and discussion have continued the traditions devel-
oped in the first three conferences. I hope, although we do not
have formal plans established yet, that there will be a fifth
conference in September of 1977 and I look forward to seeing
you all then. There are other models to talk about and I think
the proposals that Dr. Richardson made are challenging. IIASA
is here and working all year round. I think by now most of you
consider yourself as part of the extended IIASA family and we
will be delighted to have you visit and participate in many ways
in the ongoing program. So with these brief remarks let me
bring the meeting to an end and thank you all again for your
participation.
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SARUM AND MRI: DESCRIPTION AND COMPARISON OF A WORLD
MODEL AND A NATIONAL MODEL -

Proceedings of the Faurth IIASA Symposium on Global Maodelling,
September 20-23, 1976

Gerhart Bruckmann, Editor

Since 1974, the International Institute for Applied Systems Analysis has been manitoring
developments in the field of global modelling. I1ASA conferences on global modelling are
intended to serve as a forum for exchanging information among modelling groups. Five
such conferences have been held, each focusing on one or two major global models ap-
proaching completion. This fourth conference was mainly devoted to a comparison of two
models: ane by the Department of the Environment of the United Kingdom (the Systems
Analysis Research Unit Model-SARUM) and one by the Polish Academy of Sciences (the
Long-Term Normative Model of Development—MRI).

SARU was established in the UK in 1972 following a world conference at Stockholm that
was the first to be concerned with the environment, resource use, and population growth.
The UK government recognized that the problem areas were closely enough connected to
warrant investigation of their interactive effects, and commissioned SARU to advise on
the value of global models and the extent to which quantitative methods could illuminate
world problems. As the full version of SARUM has been published elsewhere, these Prao-
ceedings just contain a summary, which, however, should give sufficient insight to show the
functioning of the model and its main results.

MRI, however, is published in full, as this is the only publication of the model in a Western
language. This part of the book describes the methadology used for the construction of
10 long-term normative models of development of Poland constructed by a team of scien-
tists from the Polish Academy of Sciences. The MRI system of models has a decentralized
structure with a core model and a number of sectorial submaodels such as: industrial pra-
duction, agriculture, personal and aggregate consumption, regions of the country, ete. It
takes into account the complex interactions between production, consumption, demaog-
raphy, environment, technalogical change, foreign trade, etc. The existing decision and
management structure as well as regional and international linkages are included. Ten-
year forecasts of national development under optimum allocation of resources (maximizing
GNP and other criteria) and alternative strategies have been investigated with the MRI.

The final section is devoted ta shart presentations and discussions of other recent madel-
ling efforts from around the world.
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