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PREFACE

In 1978, two case studies, focusing on development problems
of the Notec (Poland) and Silistra (Bulgaria) regions, were ini-
tiated at the International Institute for Applied Systems Analysis
(IIASA) within the Regional Development Task. Work on these
studies is being carried out by IIASA scholars in collaboration
with members of Polish and Bulgarian institutions, respectively,
and preliminary findings were published between 1978 and 1979
by IIASA and the Systems Research Institute of the Polish Academy
of Sciences.

Since 1978, considerable progress has been achieved. The
intermediate stage of the case studies is now complete and the
results are documented in these Proceedings (volumes I and II).
The papers included in this publication were presented at the
joint Notec-Silistra meeting,which took place at IIASA on 28 May-
1 June, 1979. This meeting provided the first opportunity for
the three groups participating in the investigations to compare
approaches, models, and results, thus stimulating further metho-
dological development and an extension of case-study activities.
The final stage of the Notec and Silistra case studies is now
underway.

Murat Albegov

Task Leader

REGIONAL DEVELOPMENT
TASK
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INTRODUCTION






THE SILISTRA AND NOTEC CASE STUDIES--

A REVIEW OF WORK UNDERTAKEN AND
UNRESOLVED PROBLEMS

M. Albegov

The International Institute for Applied Systems Analysis
(IIASA), being a research organization of multinational and multi-
disciplinary character, focuses not only on contributing to the
advancement of science by developing and formalizing new ap-
proaches and methods of systems analysis, but also on applying
these methods to solve problems of international importance.

When it was decided that case study analysis should form one of
the main activities undertaken by the Regional Development Task
at IIASA, it was anticipated that this experience should lead

to the generalization of approaches used and models implemented.
The regional case studies were, therefore, chosen with the aim
of embracing a broad range of regional problems and, in addition,
for the purpose of analyzing how similar problems can be solved

under different economic and political conditions.

SILISTRA AND NOTEC PROBLEMS

The initial negotiations for a collaborative study of the
Silistra region took place at the beginning of 1977 between
IIASA and the Bulgarian National Member Organization and,in
the spring of the same year, a formal agreement was signed.
Early in 1978 practical investigations bedgan and, in October
of that year, the first Task Force meeting took place. Pre-

liminary investigations of the Silistra region indicated that
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the socioeconomic problems existing there were wide-ranging.

Although the agricultural sector is dominant in the region,
not all the possibilities for agricultural growth have been ex-
ploited. It is expected that in the future the region will signi-
ficantly increase agricultural production (mainly livestock pro-
ducts) but the optimal proportions between livestock, crops, and
home-produced agricultural products have yet to be carefully de-
fined and the effect of extending the regional irrigation system

should be clarified.

Current rural-urban migration must be analyzed from the
viewpoint of the relation between rural labor resources and agri-
cultural production maximization. The use of existing housing
funds in rural areas should also be considered, since rural-
urban migration has led to underutilization, while in the urban
areas the construction of additional housing is required as a

result of the increased demand.

Although the Silistra region is some distance from the
country's industrial and cultural centers and the largest pro-
portion of the Silistra population is employed in the agricultural
sector, it is still necessary to increase the level of skilled
labor. The solution to the regional development problem re-

quires

-- the maximization of regional agricultural production,
taking into account not only the advantageous natural
conditions for grain and meat production, but also the
feasibility of increasing specialized local crop pro-
duction (apricots, grapes, and vegetables);

-- the development of an irrigation system to increase
local agricultural efficiency:

-- the development of a complementary local industry to
stem the outflow of labor (e.g., fertilizer production,
food processing, agricultural machinery production) ;

-- the maximization of the productive use of labor re-
sources in local agriculture and the restriction of

rural-urban migration;




-5~

-- the development of a system of settlements and services,
considering primarily the need to use fully the existing
housing stock in rural areas and to improve road net-
works, the health care system, services, etc.; and

-~ the development of local agriculture and industry with-
out creating serious environmental problems, reserving

a zone for recreation.

At the end of 1977, a formal agreement was signed by IIASA
and the Polish National Member Organization to organize a joint
case study of the Upper Notec region. This work progressed
rapidly and during 1978 two Task Force meetings took place to
discuss the results: the first on May 10-12 at IIASA and the

second on September 12-15 in Jablonna, near Warsaw.

The Upper Notec region specializes in agriculture, but pro-
duction is limited by water shortages. Almost every second year
the rainfall in inadequate during the vegetation period and this
situation is aggravated by the increasing water demands from the
urban population, industry, and water transport. The expansion
of water supply should, therefore, be considered as a goal com-

plementary to agricultural development.

The main goals associated with regional agriculture are

-- to intensify regional agriculture, by fully utilizing
its productive capacities and by maximizing agricul-
tural production; and

-- to reduce the disparity in agricultural development,
and hence productivity 1levels, between the northwestern
and southeastern parts of the region.

Regional agriculture is characterized by a significant
differentiation between the southeast and northwest of the
region. This is mainly a result of historical developments going
back to the period when the northwestern part belonged to Germany,
and the southeastern to Russia. In the northwest of the
region, the size of farms was larger and the land was cultivated

more intensively; such conditions encouraged rapid agricultural
development.
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Today agriculture in the northwest is more advanced. This
area has a higher proportion of large socialized farms, higher
capital inputs, lower labor inputs, and higher productivity. 1In

comparison, agriculture in the southeast is backward.

The future of private farms,which cover a significant por-
tion of the region's total area, should be considered in terms
of the farmers'incentive to intensify cultivation of their land,
their response to the possibilities of using additional sun-
plies of water, the rate of dissemination of progressive methods
among private farms, etc. The image of the future farm (initially
of the private farm) and the capability of predicting this ac-
curately, is of key importance for the success of the Notec pro-

ject.

The existing situation in the Upper Notec river basin has
been characterized in past years by a negative migration balance,
which may be attributed to its predominantly rural structure.

The annual net out-migration, however, has been small, amounting
to approximately 0.5 percent of the total population, as com-

pared to the natural increase of 1.1 percent annually.

Large areas of the basin are contained within the migration
fields of the cities of Bydgoszcz and Torun, and to a lesser ex-
tent, within the fields of more distant provincial capitals, in

particular of Poznan and Gdansk.

The future balance between sectoral demand for and sup-
ply of labor in the regional economy depends primarily on the
regional agricultural situation. If changes in the structure
of local agriculture only lead to structural changes in employ-
ment, this problem will not be serious. However, if local agri-
culture releases a significant proportion of its labor force,
then migrant flows might become significant. 1In this case, major
intraregional cities, such as Inowroclaw, and adjacent cities,
such as Bydgoszcz, WIXoclawekrand Konin,will play an important
role in absorbing the excess labor supply. Therefore, the
number of future jobs in regional agriculture should be

estimated together with rural-urban migration flows.
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Additional problems exist, of which the following should be
mentioned.

~-- The character of agricultural areas will alter when ad-
ditional water supplies are provided; this may affect pri-
private farmers' incentive to itensify land use and
may stimulate structural changes in agriculture.

-- In the future the system of technical and social ser-
vices must be improved and facilities for tourism should
be developed.

-- The system of rural and urban settlements must be im-

proved; certain areas should be selected for develop-

ment.

A comparison of the conditions in the Silistra and Notec
regions indicates that they have many common features and suffer
from similar problems. Both regions are mainly agricultural,
having a complementary industrial sector and few specialized ser-
vices. The problem of irrigation is very important in both
regions and future regional agricultural growth depends on its
efficacy. Migration (rural-urban, region-region) is a common
problem, which needs urgent attention. Increasing the quality
of life for the populations of both regions is of special in-
terest to the central and local authorities, and, in both cases,
the development of the water supply system would make it
possible to create recreation zones (on a limited scale).

At the same time differences exist between the regions:

-- in Silistra, agriculture is organized on the basis of
state-owned agroindustrial complexes, whereas in Notec
many different types of farms exist;

== 1in Bulgaria centrally made decisions can be implemented
with relative ease through the system of state farms,
whereas in Poland the private sector has to be con-
sidered; and

-- the directions of agricultural speciadlization in Silistra
have now been formulated more definitely (priority is
given to the maximization of meat production), but in
liotec specialization can only be defined after assessing
the effectiveness of the irrigation system and the pri-

vate sector.



GENERAL METHODOLOGY

During the first Notec and Silistra Task Force meetings,
several proposals about the methodology of regional problem anal-

ysis were put forward.

A scheme for the system of models was presented in Albegov
and Kulikowski (1978). This system is based on a four-stage
analysis, in which several disaggregated sectoral models are in-

cluded. The following problems are analyzed in sequence:

-- regional specialization,
~=- intraregional location of sectoral activities,
-- population and labor resources, and

-=- settlement systems and pollution.

A method has been devised for analyzing intersectoral re-
lations to reduce the size of problems and to coordinate the
sectoral solutions, thus allowing detailed sectoral models to
be included in the model system. The method involves the pre-
paration of "reaction" functions, derived from the near-optimal
sectoral solutions, for coordinating the main blocks (models)
followed by implementation of the Bellman approach to problem
solution. The reaction function demonstrates the effect on the
regional economy of the use of limited resources by different

sectors.

The first and second and the third and fourth stages of
analysis are coordinated by matching the productive activities
with the number of people willing to live in the region, given
the wage level and the quality of life. Furthermore, capital

and natural resources are coordinated with labor resources.

The choice of the optimal solution is based mainly on in-
formation about the "environment" outside the region, in the
form of the external price system. Therefore, this approach

can be viewed as a "bottom-up" approach.

The main problem that occurs at this point is how to make
the system operational and capable of running all the calcula-
tions necessary for providing solutions to the scenarios and

for assessing the consequences.
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The main aim of the approach, which was formulated by
Andersson and La Bella (1979) is to
...organize a system of models, which would be
such that they could highlight essential decision
problems at different levels of decision making in
the form of scenarios, all consistent within the
framework of the different models...These different

scenarios could then be used...as an input into dis-
cussions of the policy making process.

The hierarchy of models proposed is as follows:

-- international trade model,

--— national model,

-- regional model,

-~ physical planning and allocation models, and

-- migration and commuting model.

Cne of the most important models in the proposed.scheme is
the trade-transportation equilibrium model, which has linear
constraints and a nonlinear objective function that uses the
minimum reorganization" principle. The trade-transportation
model produces the most essential information for the dynamic
allocation model of future regional production and the employ-
ment structure.

A more important question here is whether the level of dis-
aggregation of data in this system will be adequate to achieve

a practical solution.

The models used for the Notec case study fall into three
groups relating to

-- regional benefit,
-- Wwater system expansion,

-- water resource management.

The general methodology, formulated in Albegov and Kulikowski

(1978), includes two different approaches that will be combined:

-= the use of nonlinear dynamic models of aggregate
consumption and benefit as a basis for calculating
some important regional growth incentives; and

-- the construction of a system of models in which

the most important sectors are described in detail.
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The first approach is used in Kulikowski (1978a and 1978b).
The second approach is employed in Kulikowski (1978) and has
been developed in Makowski (1978a).

In the first approach very aggregated data from the past
are used for estimating production functions, economic benefits,
etc. Using this as a basis for further calculations, an optimal
solution indicating the optimal interregional allocation of capi-
tal investment, or the optimal number of persons employed in

each region, can be found.

This approach has the same limitations as any econometric
approach in which data from the past are used to estimate
future growth. However, when the above-mentioned approach
is used together with detailed sectoral models, practical
implementation seems possible.

In 1978 work began on the development of a system of models
for an agricultural region. It was planned that the system

would consist of the following models:

-- a long~-term normative model of integrated development
(MRI);

-- a model of regional development (MRD) ;

-- a model of regional agriculture (MAG); and

-- a model of the water resource system {(MWS).

This work has not been completed, yet it is interesting
to make a comparison of the different methodologies for regional

aralysis using the preliminary results.

To determine the most suitable methodology for regional
growth analysis, the practical results of implementation should
be obtained. This stage has not yet been reached and,therefore:
for the present, the separate models of the general system should
be assessed for their ability to provide practical recommenda-

tions for decision makers.

AGRICULTURE

During the second Notec and the first Silistra Task Force
meetings, several reports devoted to agricultural problems were

presented. In some reports agriculture is analyzed in general;

and in others specific problems are considered.
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In the first group, the following can be included:

1. Csaki and Propoi (1978),
2. Popchev et al. (1978), and
3. Gavrilov et al (1979).

In the first report (Csaki and Propoi), a general dynamic
linear programming model for long-range planning of a diversi-
fied crop-livestock agroindustrial complex is discussed. This
model is characterized by its comprehensive description of the
interrelations within the complex and by its dynamic problem
analysis. At the same time, it should be underlined that this
model is only useful for regional analysis if conditions in the
region are homogeneous. If they are not, intraregional data

should be introduced.

A model of large agroindustrial complexes is also described
in the report by Popchev et al. This static linear optimization
model is designed to evaluate the impact of limited regional
resources on the overall production process in both plan-
ning and operational activities; the usual type of constraints
(land, water, labor, machinery, products, etc.) are included.

The impact of the input of resources (namely, water resources)
is investigated and as a result, a "loss function",which aids
the decision maker in choosing the appropriate policy,is con-

structed.

The model described in the report by Gavrilov et al. is a
further development of the work by Csaki and Propoi, After an
examination of more than 60 variants of the model, several were
chosen and they form the basis for the cevelopment of the agro-
industrial complex Drastar

The main advantage of this model (to be precise, this sys-
tem of agricultural models) is that it provides practical re-
sults and checks the reliability of the input information. The
authors are also considering the possibility of linking this
model with other models (of settlements, transportation, etc.).
It is important to find out whethér this model can be used in
other regions in Bulgaria. At least one factor--the spatial

factor--should be considered in the model.
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The second group of reports (devoted to particular aspects

of agriculture) include

1. Manteuffel et al. (1978), and

2. Podkaminer et al. (1978).

The first report describes a static integer programming model
that defines the production structure and its spatial distribution
over areas suitable for irrigation. At the first stage of anal-
ysis, the state and private farms are analyzed, and at the sec-

ond, regional problems in general are considered.

The model solution, which recommended irrigation for ap-
proximately 25 percent of land with an irrigation potential, was

practically implemented in the Notec region.

The report by Podkaminer et al. presents a model that
allows consistent agricultural production programs rationalizing
water use to be determined. The scenario approach to the de-
scription of external conditions and multiobjective and vector
optimization are discussed. The same methodology was used to
build, in effect, a small linear programming model determining
the minimum monthly water demand. The results of this model
have not yet been received.

It is clear that significant advances have been made in
modeling regional agriculture in general and with respect to
water use. Important methodological and modeling work was car-
ried out at IIASA, as well as at various institutes in Bulgaria
and Poland. Some of the models were used to make practical
recommendations to decision makers (see, e.g., the reports by
Gavrilov et al. 1979 and Gouevsky et al. 1979).

In the future, intraregional differentiation should be in-

cluded in the models.

WATER SUPPLY AND MANAGEMENT

The reports in which water supply and management problems
are discussed fall into two categories: those dealing with
models of water supply and water use and those presenting models

of water distribution and control.
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The first group includes the following:

Makowski (1978b),

Albegov et al. (1978),
Krus (1978),

Gouevsky et al. (1979), and

wn & w N =

Somorowski (1978).

The report by Makowski describes a model of water system
development, which fits into the system of models that esti-
mate the consequences of various development alternatives from
which the optimal solution with respect to an assumed criterion
(criteria) is derived. The goal of the model is to maximize the
net benefit to society (i.e., to integrate the supply and demand
models). It is important that the model of water system develop-
ment (MWD) describes the region under analysis as a number of
subregions and considers agricultural water demand as well as

the water demands of other sectors of the regional economy.

MWD includes

-- a model of agriculture,

model of disposable water resources,
model of disposable water resource use,

model of the investment sequence; and

1
1
P

model for the analysis and evaluation of scenarios.

The models employ linear programming (LP) techniques. It
is planned that optimization procedures will be included to

help estimate the economic consegquences of different scenarios.

In the paper by Albegov et al., an LP technique is used to
model the regional water supply system. This system is rather
simple and is designed to be used as part of the system of
regional development models. Silistra regional data were used
to obtain practical results, the most important of which are a
system of marginal water costs used in different subsystems and
during different seasons. This indicates that important data
can be obtained from relatively simple models.

The model developed by Krus could be used to analyze in
aggregated form regional specialization problems related to
water allocation. The aim was to construct a model to be used

for
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-- evaluating development strategies of selected sectors
of the regional economy;

-=- calculating the water demand function (i.e., the func-
tion describing the amount of water desired at a
given price);

-- finding the optimal allocation of a given amount of
resources; and

-- evaluating exogenous variables for more detailed models
of particular sectors, such as the models of agricul-

ture and water expansion.

The author used the Cobb-Douglas production function for
describing sectoral development,a nonlinear approximation for
presenting the water cost function; the water supply-demand
coordination problem was then analyzed.

No practical results have yet appeared,but it seems that
the general approach could be employed to determine the optimal
allocation of any resource. The model can be used at the top
level of regional analysis; lower-level models should provide
it with aggregated input information based on detailed sectoral

analysis.

In the paper by Gouevsky et al., a system of models for
detailed analysis of regional water demand, which coordinates
the agricultural water demand and supply models, is presented.
Water is considered in great detail: agricultural consumption
(crop and livestock production and processing); potable water
supply (population and livestock); transportation (and other
in-stream uses); and recreation (and other on-site uses).

The central model is that of agricultural water demand,
of which three versions exist. In the last version, the Silistra
region is subdivided into five subregions, allowing calcula-
tion of the difference in soil fertility, climatic and weather
conditions, costs of water supply, etc. The interactions be-~
tween the model builders and the Silistra decision makers have

provided the stimuli for developing the model.
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Preliminary results have already been obtained; for example,
it has been shown that the level of irrigated land in the region

is quite sensitive to the price of water.

The next step is to integrate the demand and supply models
in order to obtain economic equilibrium solutions for the Silistra
decision makers. These two models will be coordinated with

other regional models in the future.

In the report by Somorowski, the future trends in agricul-
tural growth in the Notec region are discussed. Two development
alternatives—--growth without extensive irrigation and growth
with irrigation--are considered and the consequences of both

alternatives are assessed.

In the second group of reports on water distribution and

control, the following can be inclucded:

1. Gutenbaum et al. (1978),
2. Pietkiewicz-SaXdan and Inkielman (1978), and
Babarowski (1978).

In the first, the problem of optimal water distribution is
analyzed taking into account the multicriteria nature of this
problem and the need to minimize the losses due to water short-
age or excess. The model used is stochastic in character and
large~scale (describing a large number of irrigated fields and

10-cday periods). Efforts are made to overcome these difficul-

ties by applying methods of multilevel optimization.

No results have yet been reported but the usefulness of
this approach for solution of the operational control problem

is obvious.

The report by Pietkiewicz-SaXdan and Inkielman is a further
development of the previous investigation with respect to decision
rules to be applied for the Upper Notec basin. Two types of
rules are considered: those concerning the user policy of water
demand, and those concerning the supply policy. The conditions
required to achieve the optimal solution are discussed but no

practical applications are demonstrated.
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The report by Babarowski is also a further development of
the first work (Gutenbaum et al,), in which the problem of
optimizing limited water resource distribution among crops is
mathematically formulated and the operational rules for problem
solution are defined. Examples of practical implementation or
test cases are not given.

Although the number of "water-oriented" investigations is

relatively large, they are very different from the viewpoint
of completeness; while some of them (Gouevsky et al,; Albegov

et al.) have already provided practical results, many are still

at the stage of theoretical analysis.

In comparison with other sectors of the regional economy,
a significant part of the reports concentrate on the solution
of current problems. This reflects the nature of the water
supply problem and the traditional development of research in
this field. At the same time, efforts to coordinate the water
supply~-demand model with other regional sectoral models are

underway, but this work has not yet been completed.

POPULATION AND MIGRATION

Investigations in the field of population and migration

are documented in the following papers:

. Rulikowski (1978b),

Arcangeli and La Bella (1978),
Naumov (1979),

Philipov (1979), and
Mihailov (1979).

BN & W N -

The report by Kulikowski describes a nonlinear, dynamic
consumption model, which shows the impact of regional welfare
policy on interregional migration. The optimization problem of
migration is investigated by comparing aggregated consumption

of the regions (i.e., government expenditures on education,
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health care, housing, environmental protection, etc.).

Using official statistical data, the author carried out an
estimation of the parameters of regional accessibilities for 17
Polish voivodships in 1973. The results are compared with the

real situation.

An econometric model, in which the migration rate depends
on the interregional utiliities, is presented. The main idea
of this model rests on the assumption that the potential mi-
grant bases his decision to move on the ratio of utilities and
a comparison is made with another region or with the national
average. This model has not yet been practically implemented.

In the report by Arcangeli and La Bella, the broad spec-
trum of mobility factors, migration and regional development
policies is considered on the basis of Italian data. For the
IIASA case study, the approach to interregional migration anal-
ysis is most important. The assumed propensity to migrate from
one region to another is explained by natural factors and proved

by testing the model.

Empirical analysis confirms the main points of the theory
elaborated: a positive feedback exists between population and
capital movement, in the sense that the drain of labor from the
less developed to the more developed areas within a country
causes a drain of financial resources, which,in turn, increases
regional differentials and, consequently, the migration rates.
In this case, only external causes and public intervention can

stem the flow of human and financial resources.

Naumov's report deals with two topics: the initial hypo-
theses and criteria for regional population growth, and some
characteristics of the demographic growth and economic
activities of the Silistra regional population. Some basic
initial data for population and labor resource modeling of

the Silistra region are included in this paper.

Philipov uses a multiregional demographic model developed
at IIASA in the Human Settlements and Services Area to estimate
future population growth in the Silistra region. This work
is a practically oriented study, which reveals many interesting
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relationships. In particular, it shows that,on the basis of exis-

ting tendencies, one can expect a further rapid growth of the regional
population and a significant out-migration flow. The main proh-

lem is to combine this model with a sociceconomic model that can
provide the demographic model with valuable external information.

In the report by Mihailov, an overall scheme of the optimi-
zation cycle of the system of models for integrated territorial
development of the region is outlined. Migrations are modeled in
detail according to their place at different stages of the opti-
mization cycle. 1In this respect, the following features of the
migrations and their links with the remaining subsystem models of

the regions are modeled.

-- Projections are made of the population growth without
migration and including migration. (preliminary results
for the Silistra region are obtained). |

~- The required labor force is derived in terms of the
regional input-output model.

-- The required labor force stemming from the subsystem
optimizations is derived.

-- The place of the labor force in the strategic
models for development of the region is deter-

mined and the effect of migrations is de-
fined.

-- Expected migrations are modeled, taking into account
the propensity of the population to migrate.

-- Migration regulation is modeled on the basis of re-
ducing the expected migrations to the required ef-

fective migrations.

The main objective of the investigation is to improve both
migration modeling and the system of models for integrated re-
gional development.

It is clear that the problem of population growth and mi-
gration are the main points of concern in several reports. The
high level of theoretical analysis and the practical nature of
the results is also remarkable.
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The central point here is the task of combining the demo-
graphic model with other models (of a sociceconomic character).
Only in this way is it possible to describe the interdependence

between economic growth and demographic changes.

SETTLEMENT SYSTEMS

Only one report, presented at the first Silistra Task
Force meeting, analyzes the problem of settlement systems,
although during the first Notec Task Force meeting this topic

was given much attention.

The one report by Devedjiev et al., entitled: "Human Settle-
ment Systems as a Device for Development and Improvement of the
Settlement Network in the Silistra Region", contains important
data characterizing the existing system of settlements in the
Silistra region. These data provide a sound basis for analy-
zing regional settlements growth in the future. Such analysis
will take place in the framework of the Unified Territorial Plan

of Bulgaria.
The plan was conceived to

-- further the development of the polycentric structure
of the settlement network in the region;

-- ensure efficient use of existing housing funds in each
part of the region;

-~ form a system of settlements, labor, housing, and
recreation zones, and public services; and

-- organize regular public transportation between the

settlements.

Analysis of the system of settlements in Silistra has revealed
some tendencies for future socioeconomic development, which are

discussed in the following section.

PROBLEMS FOR FUTURE DEVELOPMENT

As can be seen from the previous section, not all existing
problems are dealt with by current activities and not all

existing investigations have been developed satisfactorily.
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Significant work on the development of a system of regional
models and the analysis of problems of agriculture, water supply,
migration, and, to some extent, human settlements has been accom-
plished. However, the problems of industrial growth and enter-
prise location, transportation and services development, and

environmental protection have received scant attention.

The positive and negative features of the model system
can only be assessed by attempting to solve the real problem;
hence, the importance of the role of the case studies. The
more attractivé approach to problem solution appears to be-
to elaborate workable subsystems of the regional economy,
which can be used as separate models or as modules of a more

comprehensive system.

The sectoral models developed require further improvement.
For example, in the agriculture models, factors such as space
and water were not tested satisfactorily. From the viewpoint
of generalization, the need to divide the regional territory
into 30-50 subregions should be considered (to reflect better
the intraregional differences in soil, farm type, technology,
etc.). The same can be said for the water factor: water re-
sources and costs depend significantly on use (potable water
for irrigation, etc.), the location of consumers (distance from

the water flow), and the season in which water is consumed, etc.

Development of the agriculture models is not yet complete
with respect to generalization of the different types of farms
(private, state, or collective) and the dependence of agricul-
ture on the labor market, capital,and other resources.

Models of water supply must be satisfactorily linked with
other models (industry, agriculture, services) in which the
water demand should be specified, and the relationship between
natural limits and monetary data (costs, shadow prices) should
be established. This data exchange should enable water demand
to be described in detail (by all sectors, in all seasons, in
different subregions, etc.); it should supply all consumers

with a reliable basis for the local optimization of water demand.
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At the same time, workable but complex models of regional
water supply must be developed. These models should be
focused on a general case (few water streams, few natural and
possible artificial reservoirs, etc.). The dynamics of water

demand must also be taken into account.

The water planning models and water management and control
models in current use should be exchanged for more up-to-date
models; water management and water control models should
be simultaneously tested. Reliable data are required to ascer-
tain the effectiveness of the proposed models under different
economic conditions (for state and collective farms). These
models should accurately describe the existing water demand
under different weather conditions and should indicate the

optimal distribution of limited water resources.

The regional migration model should also be generalized.
Thus, the factors determining migration should be sufficiently
large in number to embrace the most common situation found in

all IIASA's National Member Organization Countries.

First attempts are underway to transfer the Italian ex-
perience to Bulgarian conditions. Independent of the success
of this transfer, it is necessary to combine the demographic
model developed in the Human Settlements and Services Area of
IIASA with the regional migration model. Without such a combi-
nation of models it is impossible to predict future changes in

the regional labor force.

With regard to the system of settlements model, the imple-
mentation of mathematical models and the development of improved
models of rural and urban settlements should be intensified.
Unfortunately, the formal description of the problem is still

not advanced in either case studies.

Some very important problems that are not represented here
have yet to be solved--first, industrial growth, industrial lo-
cation,and environmental protection in a regional context.

Although some countries (e.g. the USSR) have significant
experience in dealing with industrial growth and location, the
transfer to IIASA of national experience in the form of models

and programs is a complicated and time-consuming process.
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Such activities must, therefore, begin immediately.

Since the function of the regional system of models is to
provide a detailed analysis of the region, detailed environmental
protection models may be included in the system. Work on the
Silistra case study has begun in Bulgaria,but it is still at an

initial stage.

In addition to the development of regional models, three
important aspects of the investigations require further atten-

tion:

-- creation of a workable system of models that in-
cludes the most important subsystems (agriculture,
industry, etc.);

-- development of a model to assess the consequences
of different approaches; and

-- coordination of the interests of the different authori-

ties.

The number of subsystems that should be considered in de-
cision making within a particular region depends on local con-
ditions. This means that in a realistic situation only part
of the full set of subsystems is important and that the system
of models will have a changing structure. Therefore, only the
more important subsystems need to be included in the system of
models at the first stage of analysis. For the Silistra and
Notec regioﬁal study, the four subsystems to be linked are:
regional agriculture and industry, regional water supply, and
the regional labor force. Of course, it is hoped that a regional
settlement model will be included in the above system but, as

earlier stated, work on this is not yet complete.

When a relatively sophisticated system of models is used,
the speed of calculation of the results is important, especially

if many scenarios are examined.

In order to solve this problem, some general characteris-
tics can be used to replace a very sophisticated description
of the separate subsystems. Using these characteristics, one
can evaluate all the solutions for a number of scenarios and,

using a multicriteria approach, choose one (or several).
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The use of an aggregate description of the functioning of
separate subsystems together with a cost-henefit function for
every player seems to be the most promising approach to dealing
with the problem of coordinating the interests of different
bodies (authorities, etc.). Game theory will be employed to

solve this problem.
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PART I

General Problems






STRATEGIC PLANNING FOR THE DEVELOPMENT OF
A REGIONAL SYSTEM

E. Christov
0. Panov

INTRODUCTION

The Silistra Regional Development Project, which is being
carried out in collaboration with the International Institute
for Applied Systems Analysis (IIASA), is a pilot project designed
to improve planning and management of the Silistra region in
Bulgaria. A case study aimed at finding new methods and tech-
niques for developing and managing regional systems forms a part
of this project. Reports on the regional models under develop-
ment were presented at IIASA's 1978 Silistra Task Force meeting.
This paper describes a further stage in the work of the
project--strategic planning* for the development of a regional
system--and outlines the conceptual framework on which the project

is based.

The problem-solving process consists of three interrelated

elements (Figure 1):

-- problem analysis,

-~ choice of methods for problem solution, and

*We define strategic planning as a series of planning activi-
ties resulting in the formulation of long-term (15-25 years)
socioeconomic objectives and of programs for accomplishing these
objectives.
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-- decision making.

For such a complex interdisciplinary study it is important to
select an approach that will cater for the needs of management.
There are three possible approaches: systems analysis, opera-
tions research, or applied systems analysis and each places
emphasis on different elements of the problem-solving process.
In the systems analysis approach most emphasis is placed on

problem analysis. Initially the problem is defined, the goals
are set, the method of solution is determined, and the most
efficient of the various solutions obtained is selected. The

operations research approach, on the other hand, emphasizes the

importance of the tools used to solve the problem. First, the
methods to be used are evaluated, the problem is then analyzed
and simplified for the purpose of model development. This

approach is suitable for providing management with -a variety of
scientific methods for problem solving. However, the approach
we have taken for our study is the applied systems analysis or

management approach, which combines elements of both systems

analysis and operations research. 1Initially, the underlying
causes of the problem are examined--why is it necessary to solve
the problem and by whom should it be solved? The decision-
making environment is then analyzed--how can the management
process be perfected? Finally, the problem is defined and the
most suitable methods of solution are chosen. This approach is
essential when an established decision-making procedure exists;
it allows scientific tools to used directly by decision makers in
the planning process.

THE PLANNING PROCESS

The planning system in Bulgaria is composed of various
levels (Figure 2). The highest level consists of the top State
and Party institutions--the Communist Party Congress and the
National Assembly. At this level all major national decisions
are approved. Every economic organization or enterprise must
accept the principal figures of the national plan, which to be
made law must be approved by the National Assembly. The second
level consists of the Council of Ministers and the State Planning
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Committee--it is here that national economic plans are formulated.
The third level consists of the various ministries, each ministry
being responsible for an economic sector. Their function is to
distribute national resources and to establish production targets
for the economic organizations within their sector. However, it
should be noted that the economic organizations have some degree

of independence in formulating their own economic policy.

Recently, another level has been introduced into the planning
system--the regional level--but it is still not well developed.
Planning at this level is carried out simultaneously and parallel
with sectoral planning. Regional planning is organized on three

sublevels:

-- the regional authorities, who manage the region as a
whole (the region being the principal administrative
unit) ;

-- the settlement systems; and

-- the individual settlements with the system.

The planning process begins after the 5-year plan is approved.
For example, in 1981 approval for the eighth plan will be obtained
and from 1981 onwards the same procedure will be reenacted for
the ninth plan,as well as for the long-range plan covering the
period up to the year 2000. This period of strategic planning
is dominated by basic goals or targets set at the State level for
all other levels within the national economy. Only these goals
and the constraints on their achievement are considered. After
these goals and constraints have been specified, the other levels
begin to deveiop their own strategic plans relating them as far
as possible to State objectives. A feedback procedure is then
organized to solve the development problems that arise at each
level. At present, strategic plans are formulated mainly at the
national level. However, to improve the planning system, devel-
opment should be considered at all levels--national, sectoral, and
regional. Our project is aimed at improving strategic planning

procedures in a regional context.
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Global modeling studies have shown that development proces-
ses in regional systems are characterized by inertia. Exploita-
tion of local resources, development of a local infrastructure,
and production specialization cannot be achieved over the short
term. Consequently, it is essential to consider regional planning

in long-term time perspective.

The need for strategic planning at a regional level is
especially important in Bulgaria for the following reasons.
First, the country is organized into settlement systems, which
elect their own local management bodies. The policies formulated
by these bodies can only be implemented through the regional plan.
It is therefore necessary to modify local development plans in
accordance with the policy carried out by the regional and settlerent
system authorities. Second, in the regions a policy of self-
sufficiency in the basic agricultural products is pursued. There
is also a guaranteed national minimum of resources allocated to
the regions according to the normatives (i.e., standards laid
down by the State) for the various types of enterprise. This
necessitates a complex tying together of economic and social
development plans* to ensure that the needs-of the population are
satisfied at every point in the region. Third, at present
Bulgaria's socioeconomic development planning is implemented in
such a way that continuous feedback between the various sedtoral
and regional planning levels is assumed. This method also assumes
that the overall problem of socioeconomic development will be
solved at all planning levels simultaneously and will take nation-
al goals into account. At the sectoral level, a set of strategic
planning documents is formulated to ensure feedback between
national and sectoral management during the drafting of the plan;
however, at the regional level this is not the case. Finally,
regional economic growth can be accelerated if development is
coordinated. A considerable saving in costs may be achieved if
the scale of infrastructural development is consistent with region-
al conditions.

*These plans include the basic parameters not only for
economic growth, but also for living standards.
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ORGANIZATION OF THE PROJECT

As already mentioned, the regional system is considered to be
relatively separate from the national system, despite its links
with other regions, the national system, and other countries
(Figure 3). The regional system is not organized spatially (i.e.,
according to geographic and economic conditions only), rather its
organization is based on the existing system of human settlements.
The basic goal of the project is to improve regional planning and
management procedures. Although the region is an independent
socioeconomic system with its own characteristics, its development
objectives do not necessarily conflict with those of the national
system; however, it is important that regional and national goals
are coordinated. The region is not considered as simply a place
for specializing in certain activities and for exploiting nation-
al resources, but as an organizational system directly responsi-
ble for the effectiveness of its own development and a partner in

the strategic development of the country as a whole.
Regional socioeconomic growth should include

-= development of the natural and man-made environment
as a part of the general development of the region;

-- human reproduction, as related to demographic
processes and development of all services provided
for the population (education, health care, etc.);

-- material production, which is the economic basis of
development in every social system and determines
the development of every region;

-= spiritual production, including science, the arts,
culture, and all other related activities: and

-- development of the social and political structure
and management system.
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The main criterion for evaluating the development of the
regional system is improvement of the living standards and
"quality of life" of the regional population. The methodological
difficulties in effecting this evaluation can be overcome by

formulating a set of social indicators.

The Silistra case study includes not only modeling activities
directly related to decision making, but also the preliminary work
for the whole project. The results of the project will be subject
to discussion among the central and local (regional and settlement
system) authorities and specialists from various disciplines in-
volved in the planning process. An official document for strategic
planning of the region will be produced as a result of these dis-

cussions.
The project consists of four main programs:

== development of production,

-- social development,

-- development of the management system, including the
management information system, and

-- infrastructural development.

These regional programs are linked not only to national programs
and long-range territorial plans, but also to similar programs for
the settlement systems at the subregional level (Figure 4). 1In
addition, there are special programs for some of the most impor-
tant activities related to regional development. To ensure coordi-
nation of these activities, there is continuous interaction between

the different groups of specialists involved in the project.

The program for the development of regional production is
based on the proposals of all sectoral authorities (Ministries
and State Economic Organizations). It includes a study of regional
labor distribution and of the possibilities for introducing new
types of production.

The program for social development focuses on nonproductive
aspects of regional development, including cultural activities,
education, health care, etc., and is aimed at improving the

quality of life in the region.
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The management program deals with regional coordination
of the various types of industrial production, including techno-
logical development and improvement in management mechanisms.
A management information system, intended for use by all partici-
pants in the planning of the region, will be established in this

program.

The infrastructure program deals with zonal location problems
related to regional production activities, housing, recreation,
transport, communications, etc. It makes an important contribution

to the national plan of infrastructural organization.

The case study will provide preliminary results for the whole
project and an evaluation of the effects of sectoral activities
within the region, so that development of all aspects of the

regional system may be integrated.

THE SYSTEM OF REGIONAL DEVELOPMENT MODELS

Work on the Silistra case study is concentrated on the devel-
opment of a system of models, which is being developed in collab-
oration with IIASA. This system is designed to provide a set of
techniques for studying alternative paths of development for the
Silistra region. The system of models is constructed on three
levels (Figure 5).

-- At the highest level, the region is considered as
one point and its links with the national system
are specified. The results from this model are used
indirectly for the models at a lower level. |

-—- At the second level, each sector of the regional
economy 1s considered, although in some models the
area under analysis may exceed the boundaries of the
region; for example, the regional transport system
forms a part of the model of the national transportation
network, and the water supply and irrigation network
models each form a part of the model of the north-

eastern region.
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-- At the third level, the settlements systems are
modeled. Here links with the regional and national
levels are ensured by the sectoral models, which
provide data on the activities undertaken in each
settlement system.

It is assumed that regional modelers will have access to national
models when they begin to develop their own model base, thus
facilitating coordination of regional and national goals.
However, for the Silistra case study, the national model is not
considered in the modeling activity. This is because the region
plays such a small role in the national economy that it cannot
significantly influence overall national economic development.
The Silistra region contains only 2.02 percent of Bulgaria's
population and produces merely 1.9 percent of the gross national
product and 1.4 percent of total national industrial production.
Regional capital investment, which does not fluctuate annually,
constitutes approximately 1.5 percent of national capital invest-
ment.

The sectoral and regional approaches to the solution of devel-
opment problems are coordinated to form the optimum regional
development plan. The region's full potential can only be realized

if development is viewed from both standpoints.

The models of the system are not integrated by joint input or
computer linkage, but by the evaluations of experts (Figure 5).
The system functions on three levels. The first level consists
of a regional economic growth model, an interregional relations
model, and a demographic model. Each of these models is briefly
described below.

The model of regional economic growth forms the core of the
whole system. It will use data from the national input-output
table and also from the models of demographic processes and
interregional relations, providing the main constraints and data
on sectoral growth for the sectoral models. Such a model, which
simulates the behaviour of the region as one point, is currently

being developed in Bulgaria by Panov and Petrova. Although the



—42~

structure has already been determined, no real data are yet
available to operate the model. The following models could be
used interactively to form an alternative core model:

-- the Turnpike model, developed by Andersson;

-- the MSG model, developed by Bergman;

-- the Almon-Nyhus input-output model; and

-- the Mirror and Maltos models for interregional
and intraregional location of activities, also

developed by Andersson.
Both options are currently being evaluated.

The interregional relations model is based on input-output

analysis and provides information on the influence of changes in
other regions on the socioeconomic growth of the Silistra region,
and vice versa. One problem restricting its development is the
lack of essential input data.

At present only part of the demographic model is opera-

tional--that part dealing with the extrapolation of the main
demographic parameters. The migration section, being developed
by Philipov (Philipov 1979) is important for the functioning

of this model.

The second level includes models of different sectors of the
regional economy. These models are linked to corresponding models
on the national level. The most important sectoral model is
the model of industrial development, which deals with national

industrial growth and the optimal location of industrial activi-
ties within the region. Further information on this model is

given in the paper by Christov, Assa, and Panov included in these
Proceedings. In addition to the main model of industrial devel-

opment, a separate model of one product has been developed by

Kolarov; the product studied is pulp--the pulp industry being an
important sector of Silistra's economy. This study, which is a
useful complement to the modeling activities relating to regional
industrial development, is described in more detail elsewhere in
these Proceedings.
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The model of agricultural development is an essential

component of the model system, since the Silistra region is
geared mainly to agricultural production. It is a long-term
model in which the region is considered as one point. It
determines the optimal structure of agriculture in terms of
specialization for a period of 15 years in the future. This
model was discussed at the 1979 Silistra Task Force meeting
(Gavrilov et al. 1979). 1In addition, a model of the optimal

land allocation for the agricultural production and processing

industries is now being developed by Gavrilov, Stoykov, and

Milenkov and it is described in these Proceedings. The Generalized
Regional Agriculture Model (GRAM), developed by Albegov,could also
be used to describe agricultural development (Albegov 1979).

The model of the construction industry, based on the model

developed by Panov (Panov 1972), solves optimization problems
related to
-- the allocation of raw materials;
-- the location of plants producing prefabricated
building materials; and

-— the selection of construction technologies.

Sectoral investment data obtained from this model provides
the input for the other sectoral models; thus, the model is direct-

ly linked to the other sectoral models.

The model of the transportation network has been developed

by Mihailov and Nicolov and is described in detail in these
Proceedings. This model solves problems related to passenger
transport and is thus linked to the demographic model. Through
evaluation of the volume of goods transported,it is also coordi-

nated with the other sectoral models.

The model of water resource development, developed by

Gouevsky, consists of submodels of water demand, water supply, and
water resource management. It is linked to the industry and
agriculture models in the system. Further information on this
model is given in the paper by Gouevsky, Genkov, Tzvetanov,

and Topolsky included in these Proceedings.
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The sectoral models describe the most important regional
economic activities. All other sectors, including services and
nonproductive activities, are described at the third level in the

settlement systems model.

The simulation model of the settlement systems consists of

-- a data base;

-~ a package of programs for data processing and analysis;
and

-~ a bank of models describing the interdependencies of
the factors influencing the development of the settle-

ment system.

It is described in the paper by Konakchiev, Grigorov, and Evtimov,
which is included in these Proceedings. A set of regional devel-
opment indicators has yet to be formulated, development of this
model will then be complete. There are close information links
between this model and all the other models of the system contain-

ing spatial data.

From the description of the model system given above, it is
evident that the process of linking the models to form an inter-
active system is an important part of the modeling activity. It
is important to obtain from each of the models realistic results
that can be unified to form a consistent plan for regional develop-~
ment. Anv large model system dealing with complex problems

must inevitably simplify the relationships between factors in-
fluencing those problems, which implies that the results obtained
are likely to be less useful for a practical situation. Since
the objectives of regional development as a whole and regional
sectoral development differ significantly, it follows that the
methods used to fulfill them must also vary; however, to link
models constructed on different methodological bases directly

is a difficult task. Linkage is therefore achieved by evalu-
tion by specialists of the input and output of the models. The
Silistra project includes schemes to train regional planners to

use the model system in a fully interactive man-machine mode.
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In the near future a large-scale simulation model of the
regional system fashioned specifically to fit the regional
development analytical framework and incorporating a data bank
will be constructed. However, only if the models of the system
are sufficiently practical can we proceed to this stage of the

project, for which the following activities will be undertaken:

-- analysis of local resources;

-- analysis of basic needs and interregional links;

-- analysis of production capacity:

-- determination of the optimal structure of resources;

-- simulation of the production cycle and analysis of the
results;

-- analysis of national policy for the region; and

-- estimation of resources required in the next period

of analysis.

PROBLEMS OF PROJECT MANAGEMENT

Many problems have occurred during management of the Silistra
Regional Development Project and if practical results are to be
obtained, they must be solved. The major problems are outlined
below.

Terminology

Each branch of science and technology has its own set of
specialized terms. In interdisciplinary research this naturally
presents certain communication problems. Scientists from dif-
ferent fields may be unfamiliar with each other's terminology;
even greater confusion can occur if the same term is used to
signify one thing in one discipline and yet something rather
different in another. This aspect of communication should be

given particular attention in the study.

Unifying the Data Base

Many scientific teams are engaged in the work of the
project and it is usual for each team to build its own information
system based on its particular research requirements. Exchange

of information between each team is not always easily organized
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given that there are differing requirements and methods of data

collection. In the future a data base suitable for use in other
regions without the need for major modifications will be estab-

lished.

Computer Hardware and Software

In Bulgaria a wide variety of computers with program
packages oriented to specific problems are available. This
presents difficulties for implementing the results of the model-
ing effort, since the transferal of model solutions from one type
of computer to another can cause serious technical problems.
Modeling studies designed for practical implementation should
be performed on the same type of computer as that used through-
out the planning process. '

Coordination and Unification of the Results from each Program

In the Silistra project the development of different compo-
nents of the regional system is considered. Each task or program
deals with a particular set of problems and the solutions from
each of them must be unified. Coordination is not an easy task
for several reasons: the solutions may be based on different
initial criteria: economic, social, technical, economy, national,
sectoral, regional, etc.; or there may be no standard methodology
for solving such a diversity of problems.

It could be said that the single overall goal of regional
development is to improve the quality of life of the population,
but the quality of life criterion cannot easily be defined and
involves questions of emphasis and priority. Emphasis is pre-

dominantly given to

-- the economic aspect of overall development of the region;

-- the social aspect, being most directly connected with
improving the quality of life of the population;

-- the infrastructural aspect, which influences implementa-
tion of development; and

-- the management aspect, determining the practicality of
the project's solutions.
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In the future, planning decisions relating to the aspects of

regional development mentioned above must be coordinated.

Structure of the Research and Planning Teams

During the Silistra project there will inevitably be
changes in the research team. Thus, a long-term plan of person-
nel to be engaged on the project is required. From the point
of view of practical implementation, it is necessary to run a
continuous training program for planners throughout the course
of the project so that the planning personnel are always able
to use and implement the solutions provided by the modeling ac-
tivity. 1In Bulgaria training schemes for planners are run simul-

taneously with such studies.



BIBLIOGRAPHY

Albegov, M. (1979) Generalized Regional Agriculture Model
(GRAM) : Basic Version. WP-79-93. Laxenburg, Austria:
International Institute for Applied Systems Analysis.

Gavrilov, G., S. Stoykov, C. Milenkov, and A. Kehayou. (1979)
A model for the development of the agroindustrial complex
Drastar. Proceedings of Task Force Meeting I on Regional
Development Planning for the Silistra Region, edited by
A E. Andersson and D. Philipov. CP-79-7. Laxenburg,
Austria: International Institute for Applied Systems
Analysis.

Granberg, A.G. (1978) Matematicheskie Modeli Sozialistiches-
koi Economiki (Mathematical Models of the Socialist Economy).
Moscow: Ekonomika (in Russian).

Karger, D.W., and R.G. Murdick (1969) Managing engineering and
research. Industrial Press 38.

Leontief, V. (1977) The Future of the World Economy. United
Nations Study. Oxford: Oxford University Press.

Marble, D. (1976) Computer Handling of Geographical Data.
Paris: UNESCO.

Panov, O. (1972)_ Programirane Optimalnoto Razvitie na Stroitel-
stvoto (Optimal Development of the Construction Industry).
Varna: Bakalov (in Bulgarian).

Philipov, D. (1979) Analysis and simulated projections of the
population of the Silistra region. Proceedings of Task
Force Meeting I on Regional Development Planning for the
Silistra Region, edited by A.E. Andersson and D. Philipov.
CP-79-7. Laxenburg, Austria: International Institute for
Applied Systems Analysis.

Statisticheski Godishnik na Narodna Republika Bulgaria (Statisti-
cal Yearbook of the People's Republic of Bulgaria) (1978)
Sofia.

-4g-



OPTIMIZATION OF REGIONAL DEVELOPMENT--
AN INTEGRATED MODEL FOR STUDYING
SOCIOECONOMIC AND ENVIRONMENTAL
POLICIES -

R. Kulikowski

1. INTRODUCTION

During recent years there has been an increasing demand for
computerized regional planning models that deal with the alloca-
tion of natural resources, labor, and capital. Such models have
had a considerable impact on regional and national production and
welfare. 1In countries with planned economies, planners and deci-
sion makers believe that these models can help in the efficient
allocation of production factors and welfare at the regional level.
A decentralized management and planning system exists for this
purpose. In Poland, for example, the Government and Planning
Commission represents the highest decision-making unit, which
cooperates with lower-level planning units of the 49 voivodships
(regions). Each voivodship, in turn, cooperates with the corres-
ponding units at the lowest community level, gmina, which usually
consist of a small town and a rural neighborhood.

During the planning process (with a 5- or 10-year horizon),
planners, decision makers, and the public consider each develop-
ment alternative and problems related to regional economic effi-
ciency,and its effect on welfare and equity at the regional and
national levels are discussed. Obviously, the problem of effi-
Ciency versus equity cannot be properly understood without specify-
ing the differences between regional (local) and national (global)

goals and policies.
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Generally, the regional planning and decision-making units
in Poland are concerned with maximization of regional utilities,
taking into account constraints on primary resources. For example,
an increasing population will require more employment and housing.
However, population size depends on local demographic factors
and migrations, which in turn depend on the regional standard of
living and environmental quality. The availability of new jobs
depends, on the other hand, on new capital investments. In Poland,
major investments are decided upon at the national level, taking
into account the regional comparative advantages in production and
welfare levels., In order to regulate regional welfare, the
national level subsidizes local budgets for public services, such
as education, health, housing, and environmental protection.
A decision regarding the location of a new plant is usually
accompanied by an increased subsidy to the regional budget. Some-
times, the subsidy is favored by the region much more than by the

industry that would pollute the environment.

The national (central) planning and decision-making bodies,
on the other hand, are also concerned with national utility and
international problems such as the international balance of pay-
ments, both of which require an efficient economy. Thus, a substan-
tial part of the national budget (created by taxes imposed on produc-
tive sectors) is spent on productive investments in those regions
offering the maximum rate of return (i.e., low cost of land, water,

labor, transportation, environmental charges, etc.).

A region wishing to attract industry may pursue a policy
that offers low production costs at the expense of deteriorating
environmental quality. Such a policy may, in the long run, produce
a decrease in welfare--a completely unanticipated result. For
example, if producers pay little for discharging waste, pollution
increases while the population suffers and migrates from the region.
Since the decreasing labor supply increases the cost of labor (in
Poland it takes the form of increasing commuting or housing costs),
the regional comparative advantages (to locate the industry) may
decline. The industrial growth may also create a number of
externalities in production and services. Increased commuting

may increase traffic congestion, deteriorate access to services, etc.
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Because of the changing production structure, there is also a
demand for skilled labor* and an educational system that will
provide training in the required skills. Increasing inequalities
among different regions in per capita personal income result from
urbanization, despite the fact that the existing wage system is

strongly motivated by egalitarian concepts.

Besides wages and employment, which determine the per capita
regional personal income, welfare depends tc a large extent on
aggregate consumption (services). Since there is scepticism about
characterizing services in terms of expenditures, decision makers
are tempted to maximize indices, which refer to the number of
education, recreation, housing, etc. facilities per capita.
However, such indices raise the question of "accessibility to
services"”. Due to age structure, education level, distance, etc.,
the access of the population to certain services may be limited.
For example, because of the distance from urban centers, the rural
population has a limited access to higher education, theaters, etc.
As a result, the utility, as perceived by the population, is some-
times different from that conceived by the planners, and migration
follows in an unpredictable fashion.

All these factors indicate that the problem of choosing the
optimum policy of regional development, taking into account the
different interests of all the parties concerned, is not easy.
Nor is it easy to find an optimum solution to the location of
industry or public investment projects. Since any decision
regarding productive or public investment changes the existing
production as well as welfare structure, planners wish to know
the impact of that decision in terms of costs and benefits on all
the parties concerned.

For example, if an extension of a regional water system is
planned, the benefits resulting from, say, economies of scale may
affect industry or agriculture and may change (generally in dif-

fering degrees) the utilities of the rural and urban populations.

#Skilled” is used in the broadest sense to signify manual,
technical, and managerial skills.
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Several questions are then raised.

-- What should be the optimum size of the project?

-- How should total investment be distributed between indus-
trial and agricultural users?

-=- How much of the total investment expenditures should be
paid out of regional and how much out of the central budget?

~- How much of the subsidies (for infrastructure, services,
environmental protection, etc.) should accompany the re-
gional project?

-- How much will a party concerned with the project gain from
choosing to abstain or support an alternative (competing)

regional project?

Using the terminology of cooperative game theory, one can also

ask the following question. Will stable policies (in terms of
pricing, taxes, subsidies, etc.) exist for the regions and water
users? When the core of the game is empty, it is doubtful whether
the project will be approved. It is, of course, difficult to give
any rational answer to these questions without studying the regional
project in a formal way. For example, if there is an economy of scale
in water supply and the marginal water cost decreases with an
increase in the supply, the water users may choose to cooperate

in order to exploit the scale benefits. However, at a certain
water supply level, the marginal cost may begin to increase, and
each additional user must pay more unless the water price is
increased. For the last case, existing users will act against

admitting additional partners.

Some decision makers feel that the lack of full understanding
of the possible benefits by all parties concerned is one of the
main reasons why many ambitious regional projects have been rejec-

ted before they were ever fully evaluated.

Decision makers wish to have a regional model that could be
used both

-- to evaluate each proposal or project from the point of
view of the benefits it creates for all the parties
concerned; and

-- to find the extent of maneuvers (i.e., the size of the
core of the game) in terms of regional locations, sub-
sidies, taxes, prices, charges, etc., and the national

and regional benefits of such maneuvers.
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When the space of maneuvers is not empty, it is still possible
to take action against the factors that are not specified explic-
itly in the model and to provide the partners with the opportunity

to bargain.

Despite the advances achieved in recent years in under-
standing the forces influencing agglomeration processes and
regional growth, progress in regional modeling is rather slow.

As a result, a certain disenchantment and critical assessment

of the state-of-the-art in regional (and especially urban)
modeling exists (see Sayer 1976). Many of the recognized failures
in regional modeling can be attributed to

1. structural deficiencies, such as the absence of mechanisms
capable of dealing with economies of scale and externali-
ties in production and services, and their impact on loca-
tion decisions and agglomeration growth;

2. the absence of interrelations among the demographic fac-
tors, economy, and environment of the region, as well as
between regional and national management;

3. the lack of mechanisms enabling decision makers to see
how, given the demographic, environmental, etc. constraints,
the instruments of regional policy, such as taxes, sub-
sidies, prices, charges, standards, and regulations, can
be used to attain welfare and stability (i.e., public and
institutional agreements and support under conflicting in-
terests); and

4. excessive model complexity, which makes the comprehension
as well as estimations of the parameters and validation

of the model's accuracy over time almost impossible.

This paper may be regarded as an attempt to develop a method-
ology for integrated regional policy-oriented modeling that should
help the model builder to avoid the shortcomings 1-4 mentioned
above. The main idea underlying this methodology is to regard
the region as a set of producers, consumers, and authorities of
different levels that stimulate regional growth. When, in a given
region, they arrive at a stable system of cooperation, and more
partners can be admitted, the region can be considered as growing.
If, on the other hand, centrifugal forces appear (e.g., as a result
of externalities and the effect of diseconomies of scale), regional
growth may decline.

The regional production functions are assumed to be homogeneous
to a degree (generally) of greater unity and nonlinear input costs,
which reflect the impact of externalities, and which come to an
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equilibrium with "of scale” production. A similar assumption
q

is imposed on regional utilities.

The land, population, and natural resources (such as air and
water) are regarded as primary factors for the regional economy.
The total land area is regarded as given, but it can be allocated
among different users. The total amount of water can be altered
by an extension of a water system at some additional cost, The
total population is assumed to be predetermined by demographic
factors and interregional migrations, which depend on differences

among regional utilities.

The consumers' utilities are assumed to depend on the access

to employment (wages) and services (education, health, social care,

recreation, etc.).

The regional utility (as perceived by the regional authority)
depends, in addition, on national subsidies, the cost of environ-
mental damage resulting from production and consumption, and the
cost of migrations, housing, etc. The national utility is assumed
to depend on production output, consumption, and the international

trade balance.

Using an optimization technique developed in Kulikowski (1977),
and Kulikowski (1978a) and (1978b), the optimum strategies of
allocation of production factors and services were derived. 1In
particular, the optimum allocation of labor by way of interregional
migrations had been derived following the method developed in
Kulikowski (1978c).

These strategies also enable computation of demands for water,
capital, etc. 1In the case where a new partner (industry) is trying
to enter the regional economy or where an extension of the input
system (e.g., water supply or wastewater treatment system) is planned,
the marginal production costs are derived and the stability of the

regional system is tested.

In the case of simple (Cobb-Douglas) production and utility
functions, all the model parameters can be estimated from statis-

tical or engineering data.

As shown in the paper by Kulikowski and Krus included in these
Proceedings, the methodology proposed can be used for theconstruc-
tion of a computerized interactive gaming model for studying alter-

native rural-urban development policies.
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The methodology described in this paper is presently being
tested in the regional pilot project in Poland concerned with the
expansion of the water system for mainly agricultural irrigation.
This regional development project, the Notec case study, is briefly
described in section 5 (see also Albegov and Kulikowski 1978a and
1978b). The project is being carried out by a number of research
institutions in Poland in cooperation with the International In-
stitute for Applied Systems Analysis (IIASA).

The author is grateful to IIASA staff for their interest,

support, and criticism expressed with respect to the present study.

2. OPTIMUM ALLOCATION OF RESOURCES IN AN OF SCALE ECONOMY WITH
EXTERNALITIES

The basic relation used in modeling production systems is the

production function

) (1)

X = f(x1,...,xm

where

are production factors (e.g., labor, capital,

water, land); and
x 1s the production output in natural units.

For the sake of computational convenience, it is usually as-
sumed that f is deterministic, continuous, and differentiable and
satisfied a number of further properties, such as

£(0) =0 ,  £.() >0 ; (2)
£ri(*) <0 ;  or (3)
£.40) >0 . (4)

If £ is homogeneous, so for a positive A,

f(xx1,...,xxm) = X§x1,...,xm) , (5)
conditions (3) and (4) become
B <1 or B > 1 . (6)

In the case where B8 > 1, output increases with inputs at an

increased (of-scale) rate.
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A typical production function, in which the inputs and
output are time dependent, is the generalized Cobb-Douglas
function:

B

\YJ

he (x, (0)1 ¥, (7)

x(t) = Ae

= 3

where

m
I B, =8B Bs 1 ; and (8)

U characterizes neutral technological progress.

To evaluate the output value, planners use integrated,
discounted within the planning period [0O,T], production in
monetary terms:

T
Y(x) = / p(t)e *Ex(t)at , (9)
0

where

p(t) is the given price of x(t); and

e—x is the given annual discount rate.

In formula (9) one assumes that t is a continuous time
variable. 1If discrete (e.g., changing once annually) variables
are preferred, the sum can be used instead of the integral. The
macromodel (7) and (9) can be used for studying a single-sector
regional economy.

The performance of the production system cannot be fully
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evaluated without taking into account the discounted input (factor

reward) costs (Yv)’ i.e.,

T -t
Y = [ e c (x )dt , v
0 v Ty

O,-.-,m ’ (10)

where
Xv are given positive numbers; and

cv(xv) is a given input cost function.

As in the case of the production function, a number of prop-
erties regarding c, (x,) can be postulated. Consider, in particular,
the labor cost (co) as a function of employment (xo). Statis-
tical data indicate that in urban agglomerations co(O) =0,
cé(xo) > 0 and cg(xo) > 0. The increasing marginal labor cost,
when the demand for labor exceeds the local supply, can be
explained by the increasing cost of commuting from outside the

agglomeration (see Kulikowski 1977).

On the other hand, the expanding circular agglomeration
exhibits a decreasing marginal land cost (cs(xv) < 0), because of
the decreasing land rent as one moves outside the agglomeration

center,

Water (and other services) costs generally exhibit more
complex behavior. Typical water cost functions are shown in
Figure 1. 1In the segment OA , increasing the use of local
water resources increases the marginal production cost. At point
a, an extension of the existing water system is necessary (e.g.,
the construction of reservoirs or of water transfers from outside
the region under analysis). The decreasing marginal water cost
follows along ed up to the saturation point d, where the marginal

cost again begins to increase along the trajectory df.

The main goal of the producer can be formulated as follows.

Maximize the revenue (9), subject to the factors reward costs Yo

satisfying the constraints
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c(x) = C(x--A)Y

Id
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Figure 1. Input cost functions.
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m
I Y <Y , Y >0 , v=20,...,m , (11)

where
Y is the expected input cost in [0,T].
If such a stratedgy for allocating inputs can be found, e.gqg.,
xv(t) = Rv(t) , v=20,,...,m , telO,T] , (12)
and
Yv = §v ' vv= 0,1,...,m , (13)
that maximum § = Y(&), subject to equations (10) and (11), is

attained, it can be said that the optimum production strategy exists.

If, in addition Y(&) > ¥, it can be said that the strategy

is profitable.

In the case when f and cv, v =20,1,...,m are concave, it
is relatively easy to find conditions under which optimum and
profitable (in the whole range of inputs) strategies exist.
However, the concavity assumption narrows the class of production
processes that can be studied. 1If £, c, are not concave (i.e.,
when they are of the form shown in Figure 1), the existence of
optimum strategies depends greatly on the properties of the £,
<, functions. An important problem is to find conditions under
which such strategies exist. The main idea of this paper is to
approximate piecewise the £, c, functions by relatively simple

exponential functions such as (7) or

Y
cy(xy) = w (B)Ix (0)] ¥ v=0,1,...,m , (14

where

uv(t), Y, are given and positive.
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If Yy 1 (Yv < 1) , the marginal production cost
dc y =1
By(8) = g = vyuy () [x (6)] (15)

increases (decreases) with X,

Generally, different wys Y, may exist in each segment of the

inputs range (compare Figure 1).

In a similar way, we assume that because of changes in
indivisibilities, technology, organization, etc., the production
function may be described by equation (7) with different (generally)

Bv and B coefficients at a different input range (compare Andersson

and Marksjo 1972).

The main problem is to find out (given a set of .technologies
i

V) 14

empty domain of inputs exist within which one can organize

{2, characterized by Bvl, Y v=290,1,...,m, ie), whether a non-
optimum and profitable production processes. In addition, the
marginal production costs for a particular plant size should be
determined. The notion of the plant size for which the optimum

solution exists is important also when a new plant is designed.

It provides information about the stability of planners' strategies.

In the case of a large domain of stable solutions, the impact of
random factors and errors, resulting from a poor estimation of model

parameters,is much reduced.

It is convenient to solve the general optimization problem in

two steps:

A. max Y(x) ' (16)

§€Q1

where
X is a vector ;

T —th 6 > 0, v
Q, = {x, () : [ e c, (x)dt < Y, x,, ( > 0,

xo(t) is a given function; and

Yv' v=20,1...,m, are given values.

=1,.-.,m};(17-}
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B. Compute Y (&) as a function of ¥ = {Y_,...,Y } and
! Y (Y
max Y (Y) , (18)
Yel,
where

Y is a vector;
m

Q, = {y, : LY <¥% vy >0 , v=20,1,...,m} ; and

v=0
Y is a given value. (19)
In the general case, the solution of problems (16) and (18)
is not easy. As shown in equation (17), when f, c, are of the
form (7) and (14), respectively, one can use the generalized
Holder inequality* to solve problem A. That result can be form-
ulated in the form of the following Factors Coordination Theorem.

Y
Let wo(t)[xo(t)] © pe integrable in [0,T], and
) m Bv m
= I A.a , a,. = /Y ' Za =1 |, (20)
vep YV v v a=0 Y
m a o
Ap(t)e“t n A4 ] Veyws= constant . (21)

* [1} . N
The Holder inequality states that
1 1

T T -~ T —

[ % (0)x, (t)|at < { [x_ (£)1Pae}P(f (x, (£)1%¢e}q
o ©° o ©° 0

p'1 + q'1 =1 |, and the equality sign appears iff

lﬁ1(t)|p =C |Xo(t)|q ’ C is a positive constant.
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Then, the optimum strategy (for problem 16) becomes

:
Y. w (t) Y Y,
v .9 ) [x g (8)] °y 'V

R (t) = {7 —— , vV =1,...
\Y Yo uv(t

and this strategy is unique.

Under such a strategy the marginal production cost p(t)

becomes
m w. (t) o
Be) = @e*H)”h o o2— v,
v=0 \
while
m Y o
Y(&) =W B (=2 Y .
o
v=0 \Y

The solution of problem B, i.e.,

m Yv a
max I (a—) v ’
v=0 "V
subject to
m -—
VEOYV <Y , Yv >0 , v=20,1,...,m

is quite simple. The optimum strategy becomes

Y =aY , v=20,1,...,m ,

and

(22)

(23)

(24)

(25)

(26)

(27)

(28)
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When the price p(t) of good x is not less than the marginal
production cost p(t), w > 1, and production is profitable.

p(t)/ﬁ(t) = W and can

be interpreted as a tendency for the producer's price to follow

Condition (21) can also be written as

the change in the marginal production cost. 1In different regions
the value of W may, of course, be different because of different
input costs. Assumption (20) states that the product discount is

a weighted average of input discounts (with the weights B\)/Yv).

Condition £ a; = 1 means that input and output costs are expressed

in the same monetary units (see equation (24)).

According to the Factors Coordination Theorem, when the
primary resource (e.g., labor) xo(t) is exogenously given, the
remainder of the production inputs, such as capital, water
resources, should follow the optimum strategy (see equation (22)).
When Yv are allocated accgrding to equation (27), the maximum
production value becomes Y = WY. Since Yo[xo] = aoY, one can
see that, under the optimum strategy, output is completely specified

by the supply of primary resources xo(t), i.e.,

Y = [ e w_ [x  (t)]
o0

v
3t . (29)

The strategy (22) and (27) can also be written in terms of
marginal production costs (15) as follows:

a
\JY\)

% % (€) Yo(t) ’ v=~1...,m |, (30)
o v :

ﬁv(t)

where

Yo
wo[xo(t)] . (31)

yo(t)
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The Factors Coordination Theorem can be extended to the
production functions of the C.E.S. type (see equation (28)).
Instead of the HOlder inequality one has, however, to use the
Minkovski inequality (r is a number 0 < r < 1):

T 1 1

- S i T r...r
[ ] 2 xge)|Tael™ < o0 [ |xg(e)]Tael® (32)
3=1 j=1 0
which becomes an equality if
x. (t) = c.x.,,(t) i = 1,...,m=1 ,
J( ) 3 J+1( ) j 1 m-1 (33)

where

cj are positive constants.

It is possible to extend the results obtained to the n-sector
regional economy, each described by the functions (7) and (15)

with generally, different Bvi’ Y i=1,...,n, parameters.

sy WLy,
We shall assume that the sectorsv;re X;dependent in the sense
that their products are not used as inputs by other sectors.
However, they may use the same (exogenous) inputs, which change
(when Yy, # 1) the corresponding marginal production cost. This
effect is usually referred to as an externality. For example, if
a new factory is located in the region (with the employment LonY
in addition to already existing n-1 factories with employment

L i=1,...,n-1, the demand for employment will increase.

oi’
Thus, higher wages must be offered to compensate for the workers'
foregone leisure time or the increased travel costs, which result

from commuting.

As a result, the labor marginal cost 50 depends on the

aggregate employment ZLOi, i.e.,
i

_ n
w. o =vyw (Z L_.) . (34)
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The unknown parameters w,s Y, can be estimated from statis-
tical data. For that purpose one may compute the logarithm of

(14) and use linear regression.
Y =1
Assuming y . = o L $ . .
oi o oi , 1i=1,...,n, tobe known, using
equation (30) one can find the intensities of the other required

(for maximum gain) production factors:

o .Y .
Vi Vi .
g . (t) = — y,. (£) i=1,...,n . (35)
v1l a (t) o1l

0i%vi
Relation (35) may also be regarded as the demand function for

the vth input by the ith factory.

The ex ante marginal factor costs, in the case of many users,
can be determined from the equilibrium condition between the

demand and supply functions.

In order to derive the equilibrium price, it 1is necessary

to construct the aggregate demand function:

I
e~

[0 NN .
viTvi Yo; (8) » . v=1,...,n . (36)

o
oLoim\)i(t)

i=1
On the supply side, one should introduce the costs of
resource development cv(xv). It is assumed that these functions
are given (e.g., in graphic form as shown in Figure 1) and can be
approximated in the range of interest (e.g., a,b in Figure 1) by

the function
c‘v(xv) = c(xv - A)Y , a<x <b (37)

where

c, A, y are given constants.
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The corresponding marginal production cost on the supply

side becomes

Iy = - Y=1
w, ve(x - A) (38)

and the supply function can be written as follows

1
x = (— y=-1 (39)

The equilibrium requires that a common price GV exist

(wvi = Gv, i=1,...,n) such that xs = xi. This price can be
easily computed from formulae (36) and (39). For example, if
A =0,
- %- n av 1:;1
w, = (ye) { ¢ — .y .(t)} . 40
v 101 %oi Vi Foi (40)

Then, plugging Bv in the place of avi in formula (36),
the resources used by each regional sector i = 1,...,n can be

derived.

It should be observed that when v > 1 (y < 1), Bv increases
(decreases) if a new sector, with given Yviyoi(t) joins the
regional economy. That sector will contribute to the existing
economy when y < 1, decreasing Bv and increasing all partners'
profits. When the extension of the supply system is characterized
by the cost function (ef) shown in Figure 1, a new sector may
by attracted to the region (a,b) with decreasing marginal costs.
Such a situation occurs in the case of the extension of a water
system, when the construction of a channel transporting water from
other regions yields decreasing marginal costs. In Guariso et al.
(1978), an example of water transfer along the Mexican coast from

south to north is studied. The marginal cost in dollars per

m3 was assumed equal (bv_o'u, where v represents m3, b is the

coefficient computed for each channel). It is important to notice

that the decrease. in water price at the receiving end of the
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channel is accompanied by a change (in the Mexican case, an
increase) of water price in the supplying region. This indi-
cates that the extension of a water system by interregional
water transfers must be studied in a complex model including

the cost and benefits for all regions concerned.

It should also be mentioned that in the case of a closed
system of regional models (which constitutes a model of the
national economy), the price p(t) can be endogenized. For example,
if the production functions for N regional economies are written

in the form of equation (28), i.e.,

v, = 2%, , i=1,...,N , (41)
pl

then

N - nog o_ n _  _

r Y. =p I i/pi = I Y. =Y |, (42)
where Y can be regarded as gross national product. Then

} . (43)

The national price (p-1) is a weighted average (with
: Y. N -1
i = L1 = -.
the weights wy s E W, 1) of (pl) , where

i=1

- w T -\_t Y
¥, =2 [e ° [x,; (£)] %at i

1,e..,N
(44)

where

Xoi is regional employment; and

w, are regional wages.
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Obviously, when p is set according to equation (42), a part
of the regional economy (having Ei > p) becomes unprofitable. 1In
order to protect low-profit regional economies, an increase of p
(over the value (43)) is needed. 1In the case of an open system,
a more complicated system of protection can be introduced. However,
this problem is outside the general scope of the paper. In order
to study the impact of sectoral price distortions on the national
economy, an input-output sectoral and regional model is needed.
Such a model (MRI), which has been constructed for the Polish
economy, is described in Bruckmann (1978). MRI can be used,
in particular, for studying the impact of changes in the inter-
national terms of trade on sectoral prices, which in turn
affect regional production costs. By studying the change of
technological coefficients resulting from the different locations
of production units and transport costs, it is possible to investi-
gate the impact of locations on regional prices (i.e., in the
present notation, the change of A coefficients in equation (21)
and corresponding changes of W in equation (28) (for details see
Kulikowski and Korcelli 1976). By linking MRI with the regional

model, it will be possible to investigate the impact of national

or international economies on regional growth.

3. REGIONAL UTILITIES, ENVIRONMENT, AND MIGRATION

When speaking about regional utilities, planners are fond
of using broad concepts such as per capita consumption out of
personal income and per capita aggregate consumption (i.e., edu-
cation, housing, health care, environmental factors, etc.). They
believe that if the regional budgets for services and wages are
planned in the proper way, maximum public satisfaction will follow.
However, because of the differences in service costs, scale effects,
and externalities in consumption, the level of regional satisfac-
tion may not be proportional to the expenditures; in a similar
way as with a given input cost, one can produce less or more

depending on the marginal production cost (see Kulikowski 1974).

In other words, the regional utility depends on the marginal
prices of given inputs, such as employment and services, which

determine the "marginal cost of utility", generated in the region.
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The present remarks indicate that the optimum consumption
strategies can be derived using a mathematical technique similar
to that used in section 2. However, it is convenient to use

instead of equation (14), the per capita input cost, i.e.,

Y X, Y Ty

1. v ViVl oo qz.] 45

c,(x,)p = P, wv[Pv] P viZy ! (43)
where

P is the population;

Yy -1
9\)=P\) w\)P r \)=0,1,oco,M-. (us)

%y

2z, = 5 is the per capita amount of service

V of vth category provided;
Pv = KvP is the number of people entitled to,

or demanding, the service; and

kK, (0 2k, < 1) are given numbers.

Denoting the cost of providing the vth service per capita,
within the planning period [0,T] by Z,., one can write (instead
of equation (10))

T—)\\)t Yy
z, = [ e 7 Q (t)lz (t)] “at V= 0,1,...,M -

X
o/P

When the primary factor is labor, zy = o’ although the

services (v = 1,...,M) do not generally coincide with the
production factors introduced in section 2. However, the same

A, A) are preserved for convenience in

o
v Ty

symbols (v, Byr

notation.
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The discounted utility (in monetary terms), which is
generated per consumer in the region under analysis v(2), can

be written in a form similar to equation (7) and (9), i.e.,

T At M 8
Uu(z) = f I(t)Re I [zv(t)] Vit , (48)
0 v=0
where
M Bv M (19)
A= I a A a = - ’ Za =1 ’
v=g V'V Voo Yy v=0
and
M Q (t)"%
I(t)a I [— ) = V = constant . (50)
v=0 av

The M(t) is a given function, which will be called the

average (national) utility price.

Then, according to the Factor Coordination Theorem for the

given Qo(t)[zO]Yo eL[0,T], there exists the unique strategy

a N _(t) Y
A ;v o .
2y () =l o= gy 1z, (t)]
e} Vv

:
o]
P v, (51)

\)=1,-001M 14

under which U(Z) attains the maximum value ﬁ(g). Maximizing ﬁ(gL

subject to the constraints

M
rz, <2z , Z2z.>0 , v=20,1,...,M , (52)

where
Z is the aggreqgate per capita consumption value,
one obtains
(53)
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Then, using equations (24) and (28),

1) . o (54)

o
"

(@]]

>
it

N
I

o

a
[— ]V . (55)
Q,(t)

=
o~
"
o]
=R

0

In the case of a national system consisting of M regions,
each described by equations (45,47,48,51,53-55), the national
utility price II is a weighted average of regional ﬁi costs,
i=1,...,M (compare equation (43)). In formula (50) the term
Qo(t)[zo(t)]YO is exogenous. It may represent the per capita

personal income (yo(t)/P according to the notation of section 2).

A ~

If, instead of 2v, z,a different strategy, say Ev, Z,
v=20,1,...,M, is used, the number V in equation (54) should be
replaced by

- u(z) (2 Mo& a U(Z)
V=V = —— =V I (7) - ' (56)
u(z) u(2) v=0 "V u(z)
where
5 = 7 (57)
@, = z2,/2. ;

Obviously,V < V and the equality sign holds iff Ev = iv,

v=20,1,...,M. Then, if the region consists of consumers

&v = a,,
with different tastes or if employment is not coordinated with
access to services, then &V # av, and a decrease in regional

utility follows.

The relations (51) can be used to evaluate regional demands
for services, expressed in terms of average per capita income

(Qo[zo(t)]YO) and prices (Qv)' They can be also used (in a way
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similar to that described in section 2) to find the benefits
resulting from economies of scale (e.g., when services are used
by municipal and industrial users). In order to derive the result-

ing marginal price, the demands of the users should be determined.

o s d d A
The = .
municipal demand Xom becomes Xom z, Pv’ where
Ev can be expressed in terms of marginal cost ﬁv = YvaszV-1
= Bva, i.e. (see equation (30)),
Y
A _ Bon Yo _ Bonzo © (58)
z = z = —0 .
v o ﬁ © a B K
oV o VvV
Then,
B. Y .
xd = 3 P = __\i _0 2z © P . (59)
vm Vv \Y T o o
o v

Assuming industrial demand to be x%(av) (given by equation

(36)), the resulting price W,, can be determined such that
d S - S -
Xo % Xom = ¥,(wy), x,(w,) is a given supply function of the vth

service (compare equation (39)).

It should be noted that municipal demand and access to

services (59) depends, in addition to per capita income, on the
population P, access Ky and the marginal production cost

- Y, 1 0
mv(xv) = Yvwv[xv] ¥ ! oo

which, in turn,depends on the amount of services X, -

When economies of scale exist in services, 1i.e., Y, <1,

&v(xv) decreases when x, = Pvzv increases and vice versa.
Generally, the existing access strategies vary among regions:
due to differences in socioeconomic development. In Poland, for
example, the access to water services depends greatly on the rate
of urbanization. 01ld houses in small towns and in rural areas
still use wells as the main source of potable water. In modern

suburban areas, on the other hand, it is used for watering gardens,
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washing cars, etc. According to statistical data (Rocznik
Stalystyczny 1977), the percentage of the urban pcpulation that
has access to the public water system in Poland has increased from
69.5 percent in 1960, to 84 percent in 1976. 1In 1976 the amount of
water used per urban consumer varied from 14.7 m3 (Bialskopodlaskie

voivodship) to 73.3m3 (Warsaw); the national average was 54.3 m3.

The statistical evidence supports the relation (59) in which
municipal water demand depends on personal income and access

parameters (i.e., the rate of urbanization).

In the literature regarding public prices for services
(see Mushkin 1972), examples are cited indicating that large
benefits to the regional economy follow from scale effects or
"internalization of externalities". However, there are no
sufficiently simple techniques available to evaluate the benefits
to all parties concerned. 1In order to use the present approach
efficiently, estimates of utility parameters are needed. As

shown in Kulikowski (1978c), the estimates Vv’ . of Yy’ Q

v \Y
parameters for a given year can be derived by cross-sectional
linear regression applied to the relations (obtained from

equation (45)).

log Zvi = log Qv + Y, log z,: + Ei ' (61)
V=OI°°-IM v i=1,...,N ’
where
Zvi is the per capita cost of the vth
service in the ith region;
Z,i is per capita amount of vth service
in the ith region;
N is number of regions; and
Ei are random variables.
In order to find estimates Ev of Bv’ v=20,1,...,M, coeffi-

cients, it is helpful to assume that decision makers maximize the
utility. Indeed, using past data regarding the allocation of

regional budgets over time (i.e., Zvr' v=20,1,...,M,

T=-1,-2,..., ), one can compute the numbers
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&=

o 3T (62)

Then, using linear regression, one can find estimates a of a,

for each v = 1,...,M,

The unknown numbers Bv can be derived by the relations

B, = &v?v, v=1,...,M.

It should be observed that the problem of estimating regional
utilities is not easy. A direct approach, which uses the rela-

tions

v —
B\)— T.Z— ’ v—0,1,...,n ’ (63)

and evaluates the consumers change of utility AU/U (resulting

from the change of sz) cannot be applied here because of the

z
absence of corresponé&ng data. Therefore, an indirect aoproach
that reconstructs the utility from past (utility maximization)
strategies is used. Obviously, that approach gives the regional
utilities as perceived by the decision maker rather than by the

population.

The planner's standard approach is to use ex post estimates

of model parameters (i.e., ? Ev) in an ex ante sense. That

\)I
approach is justified for a short planning horizon. In the long
run, a special model dealing with the change in the socioeconomic

system of values and preferences should be used.

The main advantage of the approach described here is that
consumer welfare and demands, described by equation (59), depend

on the single exogenous factor

lo) K P ’ (64)

i.e., the ratio of employment to the population of productive age

KOP (which is mainly predetermined by demographic factors).
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In Poland, zo depends to a large extent on the employment
of women, and in rural areas, where the employment of women is
higher than in urban agglomerations, zg is usually greater
(zawadzki 1973). An increase of z, necessitates a rise in wages
and an increase in services (e.g., kindergartens). It may
influence the upbringing of children and decrease labor produc-
tivity. Finally, it decreases the per capita leisure time, which
was not included explicitly in the utility (48). The present
social policy in Poland is strongly motivated by a desire to
shorten working time (especially for the rural population) .

For these reasons z, can also be regarded as a decision variable.

The present methodology can be applied for studying the impact
of urbanization (i.e., the increasing waste generated by regional
industry and consumers) on the environment. Assume for that
purpose that the waste discharge is a known function of the out-
put production or access to services. For example, the volume
of water polluted by an industry is proportional to the production
output, whereas recreational pollution depends on the amount of

people having access to water resources.

In order to estimate the total discharge Q to the regional

environment, one should take a linear form of different production

(xi, i=1,...,n) and consumption (szv) activities, i.e.,
M n
Q=P I 6.z x + I x.6. ' (65)
veg VOV v j=p 171
where
6v 6i are given discharge intensity coef-
14

ficients.

The dv’ Gi coefficients can be estimated from statistical
or technical data. For example, the regional statistical data
existing in Poland (Rocznik Statystyczny Wojewodztw 1978) include
the volume of industrial (xi) and municipal (szK ) water intakes
as well as the polluted water discharges (Qi' Qv); the data allow
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the Sv’ di coefficients to be estimated ex post. When Q must be
derived in the ex ante sense, all the information regarding water-
use intensities by new industries located in the region should be

utilized.

Now one can compute the value of waste discharge Q as a
function of population P.
Y

The output X, = i/pi (compare equation (29) for T = 1)
can be written as
wi ) Yo
X, T 55 X I (66)
oPi ©
¥oi T 20iPo T Z5iKcE i=1,...,n , (67)
while Qv’ according to equation (51), becomes
. o, 2 Y. = o w [xP)% al
= (Y 9,017, _ (v 2o o Yo.5 (68)
2y =@ % VY = o Y, 2,00V .
o v o ¥y [k P]Tv “o
When 2z, X, are given and Y, = 1, v=0,1,...,M, Q is a

linear function of population P. When

(69)

Q(P) is convex.

It is usually assumed that the environmental damage function
E(Q) (which represents in monetary units all possible damage to
society, i.e.,health, vegetation, goods, etc.) is convex in Q
(Kneese 1971). Then, under assumption (69), this function, say,
E(Q) = B(P), is convex in P.

In order to reduce the damage E(Q), a waste treatment system
can be used. According to technical data, the treatment cost
function T(Q,q), where Q is the input to the treatment plant and
q is the residual discharge of waste to the environment, exhibits
the following properties (Ferrar 1973 and Rinaldi et al. 1977):
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T(Q,q) is convex with respect to Q and g (taken separately);

T(Q,aq) is concave with respect to Q.

It is assumed that in the region studied a given scheme of
regulations for environment production is being used, such as a

fixed percentage (a) of waste removal.

In this case the marginal treatment cost decreases with Q, and
the scale benefits may follow from externalizing the environmental
damage (i.e., constructing collective waste treatment systems).
Since the location of new industrial plants depends to a large
extent on expected production costs, including waste treatment
costs, the regions may benefit considerably from collective action

in constructing and controlling the pollution protection system.

It should also be noted that, in general, regional pollution
processes are interrelated. For example, consider a system of
regions located along the same river, a discharge of waste at the
upstream region Ri affects the downstream region Rj' In other

words, the environmental damage function for R,

3 i > i, becomes

dependent on aka , Where ap, @y = 1, a > a

J

Il .

k=1

k=1-1,...,3, are positive coefficients.

This means that generally the regional environment func-
tion E. depends on the upstream urbanization patterns and popu-

J
lation (i.e., Ej(bi,P

i,...,bij), where bi are given coefficients).
It should be noted that special models dealing with water pollu-
tion control problems have been proposed recently {(compare

Kindler and Ijjas 1978). 1In these models, it is usually assumed
that alternative scenarios of future waste loads are given by the
regional authorities concerned with economic planning in the

area. Obviously, the methodology proposed in this paper enables
endogenization of future waste loads, in other words, linkage

of the type of models described in Kindler and Ijjas (1978) with

the present model is possible.
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Existing environmental protection systems usually restrict
the discharge limits (e.g., by decreasing the admissable percentage
of waste a) for the upstream dischargers. At the same time, the
discharge and marginal production costs increase when the industry,

or growing agglomeration, is located in an upstream region.

One of the main problems connected with regional planning,
is to achieve an allocation of populat;on, Pi’ i=1,...,N,
among the regions Ri’ i=1,...,N, such that an efficient national
economic system is obtained, subject to constraints and costs
imposed by the environment and demographic factors. This goal
can be realized by encouraging interregional migration s;P;
(where S; is the migration rate) at the expense of environmental

costs and migrants accommodation costs Ei(-) + Ci(si).

By extending the approach taken in Kulikowski (1978c), a
corresponding model for finding the optimum migration strategy
can be formulated as follows.

Assume that the projected (zero migration) population
Pi(O) = Pi’ i=1,...,N, 1s given. As a result of migrations
(si), the population in the first year of the planning period
attains the values Pi(1+si), i=1,...,N. The migration optim-

ization problem can then be formulated in the following way.

Find the strategy s = § = {éi,...,éN}, such that the
function
N
i=1
E;(s) = Ei[P1(1+s1),...,PN(1+sN)] / (70)
wi Yo
Y (s5) =(%;'wo [25P; (1+5;) K41

attains the maximum subject to the constraint seq,
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where
N
= {s; + I, s;P; <8 , ~-1¢ s; <1 (71)

i=1,...,N ; and

S is the maximum acceptable internationalmigration.

Since it is hard to identify the analytical form of Ei(-) in
simpler models, it can be assumed that under the existing environ-
mental regula;ions, which fix the waste removal percentages (ai)
in each region, environmental damage can be neglected. The
environmental costs are then reduced to Ei(Qi) = Ti[Qi’ aiQi]

and Ei(S) are known convex functions.

‘ The problem then becomes one of evaluating Ci(si) functions.
In Kulikowski (1978c), an econometric model was used for this
purpose. Since it is believed that the correlation between the
ratio Ui/U (Ui = regional, U = national utilities) and the rela-
tive increase of population Pi(1+si)/Pi =1+ S; exists, the

model was assumed in the form

U,
s, = d(T%) -1 , a, d = are constants . (72)

In the notation (see equation (54)), Ui = Vizi’ u =12,

where

Z. is per capita aggregate consumption
(from personal income and services)
in monetary units in region Ri;

Z is average (national) per capita

aggregate consumption; and

_ I
Vi ® oo

is the utility level at R;.

The unknown coefficients a, d may be estimated using statis-
tical data. For that purpose, it is convenient to write formula
(72) in the form
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-1 Vits
log (si+1) = logd + a log ( 7 )

(73)

and use linear regression.

The estimates of 4 and a as well as Vi for different
voivodships were derived in Kulikowski (1978c). The estimates

varied around a = 50, 4 = 1.0003.

The annual cost of accommodation of one migrant in region

Ri (coming from the national system characterized by 2Z)

= -7 = z[-L -
bey =2y - 2 = 2[5 - 1] . (74)
Then ,
C, = .s.P,
l(s ) AclslPl , for s.> 0 . (75)
Since equation (73) can be written in the form
s.+1 a
Z, _ i -1 (76)
l/z—(d ) Vi ,
one gets
si+1 a -1
Ci(si) = Z[( 3 ) v, - 1]siPi , s; >0 . (77)

In the case of negative migration (si < 0), savings to the
regional budget, and consequently a decrease of Ci(si)’ are pos-

sible.* Since the cost function for s; > 0 grows nuch faster than

*It is, however, argued that C;(s;) may decrease more slowly
than the linear function (77) (e.g., because of the cost of capital,
which is necessary to substitute for the outflow of labor and the
fixed expenses for existing services). For this reason, in
Kulikowski (1978c), C;(sj) was assumed to be zero for s; < 0.
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|Ci(—si)|, the savings do not generally compensate for the cost

of accommodating migrants.

Since F(s) is a concave function for Yo < 1, it attains
at the point § a unique maximum in the convex set Q. It is
possible to show that the maximum is also attained for Yo 1,
although F(s) is not concave for small s. It can be observed

that the cost Ci(si) is minimum in the region Rj’ which has the

largest utility level Vj (i.e., Vj = mizuvi)' If Rj has at the

same time the lowest environmental costs Ej(§), it receives the
. , _ max 8§,

largest share of migrants (i.e., éj = T {eN i). It can also be

shown that éj decreases when the urbanization of Rj increases
(e.g., if Yo is growing). In other words, the optimum solution
8§ allocates the population in such a way that the maximum econ-
omic efficiency characterized by Yi(si) is attained minus the

urbanization costs Ei(s) + Ci(si)'

When the urbanization costs increase, while Yi(si) is con-
stant, a decrease in migration should follow. It should also
be observed that the policy aimed at increasing the job access
index Iy which is a substitute for migration, may decrease éi.
However, as already mentioned, this policy creates additional
(kindergarten, etc.) costs, say éi, which should be added to the
right side of (70). A possible decrease in éi is then reduced by

the increased cost of Ei.

In order to derive the optimum values of §i, i=1,...,N,

in the general case a numerical (gradient) technique can be used.

It should be observed that when the optimum values

§;.,
1

the necessary expenses in per capita regional consumption.

i=1,...,N, are known, using equation (74), one can derive

The regional differences in consumption are necessary to
keep the migration level at an optimum level and thus secure
maximum economic efficiency. Therefore, in the model, the equity
versus efficiency problem is resolved by a compromise between
the economic gain and the urbanization costs (i.e., environmental

costs and population transfer costs.).
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When the %i, i=1,...,N, values are known, the regional
population Pi = Pi(1+§i) can easily be computed for the next
optimization step. The labor supplies at each region, as well
as the demands for the corresponding production factors and
services, can be also computed from equations (22) and (51).

By repeating the calculations step by step, all the data important
for planning can be explicitly derived (for details, see
Kulikowski 1978c).

Obviously, operation of the model depends to a large extent
on the demographic regional projection model used, which is not
discussed here. A model dealing with spatial population and
migration analysis, such as the model described in Willekens
and Rogers (1978), can be used for this purpose. The migration
rates, which are exogenous in this model, can be endogenized by

using the regional development model described in this paper.

The regional development model can also be used for a
situation in which several sectors are located in the same region.
In this case, the intersectoral migration cost is mostly associ-

ated with vocational reeducation or retraining.

4. REGIONAL POLICIES AND STABILITY

In sections 2 and 3 a simple model of the spatial allocation
of economic activities was studied. It was based on the assump-
tion that the central decision maker is able to locate all the

activities according to a single criterion.

In practice, however, the planning and decision-making
process is multiobjective, reflecting the interests of many
regional agents or partners (i.e., producers, consumers, and
representatives of local and higher-level authorities). 1In
Poland, for example, two versions of the national development
plan are usually constructed (Zawadzki 1973). The first--the
vertical plan--reflects macroeconomic aspects of national devel-
opment. The second--the spatial or horizontal plan--relects
regional development aspects. Several government commissions
or committees evaluate each plan before the final decision is
taken. The greater the number of committee members that support
the project, the greater are the chances that it will be approved.
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The approach can be illustrated by a simple example. Take
a committee concerned with the evaluation of the annual regional
budget, including subsidies Si, i=1,...,N, paid out of the
central budget to the N regional budgets. The committee con-
sists of N + 1 members, representing N regions (Ri, i=1,...,N)
and the central authority Ro' Assume that the regional benefits
Bi consist, besides Si' of aoiYi representing regional wages,
which are paid by the industries located in the region, minus the

cost of urbanization, i.e., the population transfer cost Ci and

environmental damage E; (compare section 3):

Bi(si) = aoiYi(si) + Si(si) - Ci(si) - Ei(si) '
‘ (78)
i=1,...,N .

It is also assumed that the policy of RO is principally
motivateg by the balance of payments (F) and productive invest-
ments (I a,.Y.).

i=1 1171

Providing that R, chooses a policy that includes regional
subsidies Si(si) and appropriate taxation levels Ti' i=1,...,N,

then the goal function of Ro becomes
N
B,(s) = E

{[Ti-abi—a1i]Yi(si) - S;(s{)} - F . (79)

The national utility is assumed to be

N N
B(s) = L By(s) = 21 {7 +aq;1Y;(sy)
S s 2
' (80)
- - . - F .
C;(s;) El(§)}
If taxes T; are chosen in such a way that B_(s) = 0, one gets
N
B(s) = L [aoiYi(si) + Si(si) - Ci(si) - Ei(si)](81)

i=1
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and the national goal function is reduced to maximization of
total consumption minus the costs of environmental damage and

population transfer.

When Si(si) is regarded as the aggregate regional budget,
consisting of aggregate consumption and investment funds, one
should set A = 0, i=1,...,N, in (79) and (80). In that case,
the problem of maximizing B(s), subject to the constraints imposed

on si(sieQ) and

[aoiYi(si) + si(si)] , (82)

is equivalent to equations (70) and (71). However, the corres-
ponding solution (§8) may be regarded as too detached from the
partner's policies. The reason is that the subsidy S5 consti-
tutes only a part of the regional budget, while the rest is
covered by the income from services, taxes, charges, etc. (e.g.,
in Poland in 1975 it constituted on average 48 percent, with

18 percent representing the given share of regions in the central

budget). On the other hand, the regional aggregate consumption

m :
P. I Z, (5}) , (83)

which is predetermined by optimum migration §i, represents a
part of the regional budget. The regional fiscal policy is
therefore motivated by more objectives than in the simplified
model (78). The same is true with respect to the central
authority (i.e., Bo in equation (80)). Moreover, a number of
random factors not specified explicitly in the model, such as
changes of prices, may influence the outcome of the game. For
these reasons the partners of the game may wish to bargain in

order to realize their goals and policies.

For example, they may agree to depart from Si(éi), giving
more or less support to the given ith region, on the understanding

that nobody's interests are hurt too much. In other words, the
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committee may choose to play a N+1 person game in order to find
(with given taxes Ti’ i=1,...,N) the best and most acceptable

regional subsidies scheme Si, i=1,...,N.

In general, the game may be played with all the subregions
constituting a region or the whole country. Another possible

game consists in fixing Si’ i=1,...,N, and finding the taxation

scheme T. = T.
i i

when the subsidy is related to a specific project (e.g., the

, 1 =1,...,N. The number of partners may change

expansion of the regional water supply system) and it has not

been decided how many regions or industries should participate.
In the last case, it is important to determine how the regional
and national goals can be coordinated, in order to have a stable
socioeconomic system. The stability of the system depends, in

particular, on the scale benefits, which the project may create
by the joint actions, and on the impact of externalities, which

produce centrifugal forces.

In order to investigate the existence of stable policies,
it is helpful to introduce some simple concepts from game theory.
In particular, one should define the characteristic function ¢ (n)

of the game.

The numeral n belongs to the set ﬁ, which is a union of
the set of regions R = {1,...,N} and Ro’ i.e., neR = RUR,. The
values of ¢ give the total potential profit available (B(8)) to

any subset of n of the parties:

0 ’ ifn=N orn-= 0,
$(n) = ‘max B(s) |, if ner # {0} . (84)
sefl

The assumption of zero net profit for all subsets of regions
Ri (neR) without Ro’ represents the fact that regions are not
obliged to participate in the system, but at the same time they
cannot play the game without Ro’ or enter the system without

making an agreement with R, -
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An important property of ¢(n) is that of convexity;

$(n) is convex if

¢ (nU{i}) - $) < d(mui}l) - ¢(m) (85)

for all nCmC R and all ieR-m.

A simple regional policy is specified by the following rules:

find éi, i=1,...,N, and compute ¢ (N); determine Si(-), ieR, such
that
= ~) = B (86)
max Bi(si) = Bi(si = Bi
and
B¥ = 122 §(N) 0 <ac< 1 ieR
1 N ! - - ’ . (87)

Condition (86) indicates that the regions maximizing their
own goals (Bi) also maximize the national goal (¢(N) = B). This
property is called efficiency.

Condition (87) means that regions divide equally part of the
total benefit. When a = 0 there is no profit for Ro; when

a = 1, there is no profit for the regions.

The regional policy (86) and (87) is rather unacceptable
for small regions, which may feel that the larger regions are
given too much support. They may argue that the benefits should
be shared according to the improvement the region generates when
it enters the system. 1In other words, they would prefer to replace

(87) by a "lexicographic scheme" (see Shapley 1971).

For that purpose, one can introduce an ordering that, to
each index number ieR, assigns the number w(i)eR. Then,one can
compute the values ¢(nk) for n, = {i: w(i) <k}, k=10,1,...,N.

The regional benefits in the lexicographic scheme become

* -

w (1)

¢$(n_4) =0 .
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N
As in the case of condition (87), Z B; = ¢(N). If
i=0
w(0) = 0, Ro has no benefit, whereas for w(0) = N, the benefits

of Ri are zero.

A typical regional policy of the last type can be obtained
following the Shapley scheme, where a convex combination of all

possible orderings is taken into account, i.e.,

* (N+1)! ( 1
B, = z A.{¢[n ] - ¢[n Y '
i j=i j mj(l) mj(l) 1 (89)
ieR ,
where
A = [(N+1) 1170 . (90)

Besides efficiency, important features of the regional policy
are acceptability: the vector of benefits B = {Bo,...,BN} are
0, ieR, and stability: the

nonnegative in the sense that Bi

>
policy is stable with respect to R if

r B,X >z BT ¥nc R (91)
n n

(i.e., all subsets n of R take advantage of the coalition with

the remaining parties).

~

The following definition is also used. The set of BR gener-

ated by all stable and efficient policies is called the core of R.

A theorem of Shapley (1971) states that if ¢(n) is convex,
the core exists and it is a convex polyhedron. In addition,
the policy (89) is stable and generates all the points of the

core.

In Figure 2, a typical core (a,b,c,d,e) for a 3-partner
(n=2) convex game is shown. Since ¢(n) is convex, the parties

*+ * * * : *+ *+ *.
BO BY, BO + B2 produce less gain than BO B1 B3 In

other words, ¢ ({0,1,2}) is greater than ¢ ({0,1}) or ¢({0,2}).
As a result, the efficient policy belongs to the core (a,b,

* *
+ B, = ¢({0,1,2}). On

*
c,d,e) lying on the plane BO + B1
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the other hand, for the points BI on the (a,b,c,d,e) poly-

* * ~ )

hedron Z Bi = ¢(N), I Bi > ¢(n), ncR. Since these are the
R n

conditions for efficiency and stability, the core is contained

in the polyhedron (a,b,c,d,e).

In order to find out whether a stable and efficient regional
policy exists, one has to check whether a core of the game exists.
As shown in Rinaldi et al. (1977), under the assumption that the
profit functions are concave (i.e., when in our model aoiYi(si)

- C;(s;) is concave and E;(s) is negligible), the core exists.

When Ei(§) is nonnegligible, and a treatment system with a
Ti(Qi'qi) cost function is used, the existence of the core depends
on the form of Ei and Ti'

Since Ei is generally convex, while Ti may be convex or
concave (e.g., due to scale benefits in waste treatment), we
can have cases in which stable policies exist or cases in which
all policies are unstable. It is possible to prove that when
environmental damage is dominant with respect to the economies
of scale, no stable policies exist unless the benefits of Ri are

sufficiently large or R is a profit-making institution.

The impact of increasing environmental damage is illustrated
in Figure 2. When environmental congestion increases, the core

"moves" up along the plane:

* * *
B + B, + B
o

L F By =9(0,1,2) (92)

but becomes smaller and smaller, as shown by (a,b',c',e') and
(a,b",c",e"). When Bo = 0, there is a segment (cd on Figure 2)

in which the central authority RO realizes the main objective
and it still has an infinity of options in the allocation of
resources among the partners Ri . In other words, RO (and in

a similar way Ri) can realize additional goals that are not speci-

fied explicitly in Bi' i=20,1,...,N.

In the case of a small core (e.g., a,b",c",e"), it is
possible to achieve a stable policy if the partners agree that
Ro is a profit-making institution. For that purpose, an increase

in taxes Ti is needed (see equation (79)).
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Figure 2. The core in the space of benefits.
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It can also be observed that an increase in the benefit of
R; (which may be a result of a decrease in local factor prices,
such as the water price) will increase the core. In other words,
the core will exist only if the benefits of R, are sufficiently

high with respect to the corresponding environmental damage.

The game approach can also be applied at the regional level
to investigate the existence of stable charges or taxation schemes.
In Rinaldi et al. (1977), a regional environmental management system
consisting of n firms (polluters) and a central authority, was

studied. The benefits of polluters were assumed in the form
Bl(xi) = Al(xi) - Cl(xi) ’ 1eR ' (93)
while the benefit accruing to the central authority was

B (x) = I Cixy) - Cx) (94)

where

Ai(xi is the profit of firms discharging X: i

Ci(xi) is the tax for discharging X3 and

C(x) is the cost of discharging Xx.

In the case when the central authority takes care of waste

treatment:

C(x) = T%n [T(x,q) + E(@)] . (95)
Depending on the form of T(x,q), the structure of the

treatment network etc., the existence of stable taxation schemes
was analyzed. It is possible to observe a similarity in the
models (78), (79) and (93),(94). In the more complex models, one
has to take into account all the regional taxes, charges, and
subsidies paid to regional budgets. Generally, many different
games played simultaneously by different regional and higher-level

partners should be studied.
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5. NOTEC REGIONAL DEVELOPMENT--A CASE STUDY

The methodology described in sections 2, 3, and 4 has al-
ready been applied for the construction of a system of models
for the regional development project in Poland--the Notec
case study. Detailed information on this project can be found
in Albegov and Kulikowski (1978a) and (1978b). The project is
concerned primarily with large-~scale irrigation of the Upper
Notec region in central-northern Poland, which is adjacent to
the Vistula river (although it belongs to the Odra watershed).
This mainly agricultural region has an area of 6,194 km2 and
a population of 476,900. The region belongs to three voivod-
ships (Bydgoskie, Koninskie and WlockXawskie). The increasing
annual regional water shortages are caused, not only by the
extension of agricultural production, but also by the increasing
use of water by industry and the urban population. It is there-
fore necessary to investigate the future water demands of the
main users: industry, municipal users, and agriculture. Since
the industrial and municipal water demands can be derived from
equations (35)-(64), one should concentrate on the derivation
of agricultural water demand. For this purpose, a water irrigation
model (described in detail in Albegov and Kulikowski 1978a and 1978b)

can be used.

A simplified version of the water irrigation model deals
with the water system shown in Figure 3. Irrigation water W
is distributed among the subregions Ri""’Rn by channel L,
connected to reservoir Ro' The problem is to find the optimum
irrigated areas (fi) in Ri’ i=1,...,n, which maximize the pro-

fit function

n T
F(f) = L A f. - I w(t)W(t) - K , (96)

where

= — — . 7
A, AP, K 0.; (97)
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AP. is the per hectare increase in crop-yield value

resulting from irrigation;

K. is the annual capital cost (or rent) per ha

for irrigation equipment;
0. is the annual operating cost per ha ;

w(t) 1is the average water price W(t) for the communities
adjacent to the reservoir in time period 1 = 1,...T;
and

K is the annual capital cost of channel L.

Function (96) should be maximized subject to the constraints

imposed on the available areas in R,

0 < fi < Fi ' i=1,...,n , (98)
and the water flow constraints of the form

£ (99)
'E_ q; (f;, >0 , j=2,...,n |,

1=]

n .

I qg.(t)f., = W(t) ' t=1,...,T |, (100)
i=1 * *

where

qi(T) is the irrigation water requirement per
at Ri; and
Fi is the maximum arable area at Ri'

For the given w,the solution of the problems (96), (98)-(100)
determines the optimum irrigated areas Ei in each subregion R; .

When w increases, the total irrigated area

3 (101)
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Municipal and
industrial users

Figure 3. Simple water system.
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and the amount of water consumed

Wlw(t)] =

N3

q; (D lwm)) (102)

o

decrease.

The values of qi(r) depend on the soil and meteorological
conditions and can be determined by tables or by Klatt's formulae
(see Klatt 1958).

Assuming that function W(w) for each te¢[0,T] is known (i.e.,
derived numerically for different w from the model), the corre-
sponding irrigation demand function Wd(a), where w is the marginal

water cost, can be evaluated.

Assuming that the cost function of expanding RO is of the

form (37), one gets w = yw and

WG = W . ' (103)

<€

When the agricultural, industrial, and municipal users (each
characterized by the corresponding water demand functions
Wg(a), W?(G), Wﬁ(ﬁ)) are connected to the same reservoir, it
is possible to derive the resulting water price w by solving

the equation
d - d, - d - -
Wl (w) + W () + W) = wS() (104)

where
W () is the given supply function of the water
reservoir (compare Willekens and Rogers
1978) .

In the Notec case study, the water system consists of several
interconnected reservoirs and channels. In order to use the
methodology briefly outlined in this section, a more complicated
computerized model is needed (as proposed in Albegov and Kulikowski
1978a and 1978b) .
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It should be observed that the solution of the optimization
problem (96)-(100) also enables the benefits per ha resulting
from irrigation to be computed. 1In the general case, the irriga-
tion benefits will depend on the local parameters (Ai,Ki). The
farmers' profit will, in addition, depend on the size of the
farm and the technology used. Irrigation is generally more
effective when labor-intensive technology and fertilizers are
used and when there is crop specialization. A special model
dealing with these problems for the Notec case study, is presently
being constructed (see Albegov and'Kulikowski 1978a and 1978b).
The farmers' utilities (for different farm sizes) are determined
and the rural-urban migration, which predetermines the labor
supply for the agricultural sector, is checked. When the labor
supply is below the level necessary to support the planned
technology, policies discouraging the outflow of labor from the
region are suggested. 1In particular, the required increase in
aggregate consumption (i.e., services) can be derived using the

methodology described in section 3.

The main problem dealt with in this paper is how to derive
the regional benefits for different water supply alternatives. For
example, consider the water supply cost functions of the two (cd, ef)
forms shown in Figure 1. The first "cheaper” alternative (cd)
consists 1in increasing the size of the reservoir in order to
store more of the natural inflow. With the increasing water
demand (x - b), the saturation of supply and an increase in the
marginal (and average) cost of water follows. Another alterna-
tive (ef) uses the central channel to transfer cheap water from a
distant river (Vistula) basin. The project with the cd cost
function may be regarded as cheaper for short-run development.

For the long run, when the water demand x > b, the ef alternative

might be the best.

In selecting the optimum alternative, it is necessary to
know future water demands. Since the agricultural water demand
is limited (due to the bounded arable area), future regional
water demands depend, primarily, on the rate of regional urbani-
zation and new industrial locations. These, in turn, depend on
demographic factors and regional comparative advantages in pro-

duction and consumption. The main idea behind the present
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system of models is to check all the alternative development
strategies using the production and consumption submodels
described in sections 2 and 3 and the regional stability concepts

of section 4.

In the Notec case study, the three voivodships should agree
to participate in financing the water system expansion and irri-
gation project. The "cheap" alternative may satisfy the demand
from existing users, including that for agricultural irrigation,
but may put a constraint on the future growth of regional industry

and regional urbanization.

The more expensive alternative, on the other hand, will
attract industry to the Notec region if production costs are
lower than elsewhere. Thus, more partners (industrial sectors)
should be included in the investment localization game. The
model should show which industries could participate and support
the project to reach a stable regional system. It is therefore
necessary to compute for each industry (in particular, food pro-
cessing and chemicals) the marginal production costs, water prices,
and regional and national benefits. It should be noted that the
computation of regional water charges (although in many regions
in Poland they have not yet been levied) is very important. It
provides the planners with information regarding the regicnal
comparative advantages of different industrial locations and
urban areas. Moreover, as argued in the literature (e.g., Hanke
1972), the levying of charges considerably limits the water
requirements, while the cost of water meters is negligible

(as compared with the cost of water system development).

The system of models constructed for the Notec case study
should also enable the planners to evaluate different industrial
locations in terms of the efficient utilization of local resources,
such as labor, agricultural land, etc., and of regional environ-

mental protection.

If the methodology developed proves to be useful for the
Notec case study, it may also be used for the more ambitious,
integrated, nationwide Government Program "Wisla" (Vistula),

which has recently been announced.
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In order to use the system of models briefly described in
the present paper for the "Wisla" program, it is necessary to
construct regional (voivodship) submodels, taking into account
the interregional linkages of water supply, migration, and the

environment, etc.

The integrated regional model based on the methodology
proposed in this paper is shown in Figure 4. It is linked with
other regional models and with the national model of the MRI type
(Bruckmann 1978).

The National Decision Center cooperates with the Regional
Decision Center regarding regional investments, subsidies,
environmental standards, prices, taxes, etc. The main linkages
among the regions (besides the flow of goods, which are not
specified explicitly in the model) are migrations and transfer of
natural resources (i.e., mainly water). The national model may
also be linked to a global model by international trade markets.
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A REGIONAL COMPUTERIZED (INTER-
ACTIVE) PLANNING SYSTEM

R. Kulikowski
L. Krus

1. INTRODUCTION

This paper shows how a computerized, interactive model for
studying rural-urban regional development policies can be con-
structed using the general methodology outlined in the paper by
Kulikowski included in these Proceedings. The budget planning
process, in particular, is modeled and optimized for different
benefit and cost functions. This process, in which three deci-
sion makers participate, deals with capital expenditures and per-
sonal and aggregate consumption in the rural-urban (R-U) para-
digm. Linkage of the R-U model and the model of the national eco-

nomy is also studied.

A simple interactive system that is based on this R-U
model was set up using the IIASA PDP 11/45 computer working
under a UNIX time-sharing system. This work has produced a set
of algorithms implemented as programs in FORTRAN IV. The system
is operaticnal and preliminary results have been obtained. Full
documentation of the system,which is referred to as the IRUD sys-
tem (interactive rural-urban development), can be found in Krus
(1979).

Three groups of input data are used in the interactive system:

~- model varameters, which are evaluated on the basis

of statistical data;

-102-
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-— exogenous variables, all of which are input
variables considered to be independent of the

decision maker; and

~- decision variables, which denote the decision

maker's strategies (see Figure 1).

The optimal solution is derived using an optimization procedure
and the values of the endogenous variables are obtained at the
output of the model. Thus, the model allows the results of diff-
erent strategies and their related solution to be compared.

Inputs: decision exogenous model
variables variables parameters
OPTIMIZATION COMPUTERIZED
PROCEDURE MODEL
Output: endogenous variables
Figure 1. Computerized model and input-output information.

2. BASIC R-U OPTIMIZATION MODEL

Consider a system in which the regional authority (RO) is
concerned with the optimum allocation of resources between rural
(R1) and urban (R2) subregions, shown in Figure 2. 1In particular,
for each planning period, the RO splits the subsidy (S) received
from the central budget into two parts (Si), which subsidize the
local budgets of R, i =1,2. The subsidies §; are in turn spent
on capital expenditures (Ski) and aggregate consumptions (Sci);

Given the regional demographies, i.e., the projected (within
the planning interval), total (§i), and productive (501) = KOiﬁi)
populations, the projected labor forces at Ry (with zero migra-
tions) can be estimated. Given the expected number of in-migrants

(M;) at R, and employment (access) ratios (z4; = Li/ﬁoi'
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PE

Figure 2. The model of the rural-urban system (PE is policy evalu-
ation; <=—represents an exchange of resources; +«---
represents and exchange of information).

where Li is the number of employees), it is possible to derive the

projected productions (¥Y,), under the optimum allocation of input

costs(Yvi, where v = 0 is labor, v = 1 is capital):
Y..
i S 0i
Y =W . =W —_— ’ (1)
i 171 iagg
where
doj “1i
“0i ®1i
W, =P;a 5. rodgp tagy =T (2)



e ~ a .
s _ _ 11 .
Yy = Yp3 Y Y91 0 Y93 = 5 Y91 7 (3)
01
_ Km _ Mi
Yoi ™ ®oili |1 ¥ SqeT) i T f0ifoiPir Sy T, ¢ W)

agir %q; are Cobb-Douglas production function elasticities with
respect to labor and capital, respectively;

Wwgir Wqi are labor and capital costs, respectively;
P, is the product price;

Koi is the share of the population of productive age

(Pbi/Pi)7
Km is the share of migrants of productive age;
S5 is the projected migration rate; and
a; are given coefficients, i = 1,2.

It is assumed that the projected utilities (Ui), generated

at Ri (under the optimum strategy) can be expressed as

Zoi
U. =V.Z. = V., — ’ (5)
i i%i ingy
where
N Noi . 14
0i 1i
V., = I.b, | =— — ¢/ MNp: ¥+ N, =1 ; (6)
i iT1i QOi 911 01 11i
7. = 7 + 7. 7,. = jli yA ; (7)
i 0i 11 ' 1i N~ 01 '
01
Noi’ M1i are utility function elasticities, with respect to

employment (personal income) and aggregate consump-

tion (services), respectively;
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0i’ are the input costs (Q,; = wyiKgi) 3
ZOi is consumption, which is equal to personal per

capita income;

213 is the per capita consumption of services (educa-
tion, health care, etc.) supplied by government,
under the optimum strategy;

is the total per capita consumption;

i~ ZOl 1i
Hi is the utility cost; and
bi are positive constants, 1 = 1,2.

It is assumed that the regional system is closed with re-
spect to migration outside the region. There is, however, con-
siderable migration from the rural to urban areas within the

given region; thus,s; = -s, s, =sl, 1 = 1_:'1/132' and 5151‘+ 5252 = 0.

The production and consumption submodels (equations (1) and

(5)) are linked by relations

Yoi(s) ZOi(S)P1(S) = nOiZi(S)Pi(S) ’ (8)

where

P,(s) = 51(1-s) , Pyls) = 52(1 + sl) . (9)

In this paper, we use a simpler version of the general model
described in the paper by Kulikowski included in these Proceedings.

The general model has two production and consumption factors.

The projected migration rate (s) is assumed to be dependent.
on the ratio of utilities U2/U1, according to the behavioral

(econometric) relation

a a
F20s) _ 14 61 = al2) - 4ll2 22%) (10)
B, U, v, 7 4(s) ! '

where d and a coefficients are determined (ex post) by the method
of least squares. The relation (10) is then used in the ex ante

sense within the planning interval.
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Given the basic relations (1), (5), (8),and (10), one can
allocate the subsidies Sis Ski’ and Sci in such a way that the
given goals of Ry, i=20,1,2, will be realized. For that purpose,

the following benefit functions will be introduced:
i = SkitSei v an
where

YOi is the personal income of populations at Ri; and

Si are the subsidies paid to Ri’ i=1,2, by RO.

2 W,
By =2 (-—-1)Y,. -8, - C(s) , (12)
0 i=1 %oi 01 i
where
C(s) = [zz(s) - z1(s) + zh]§1s is the urbanization cost#13)

Zy, is the per capita cost of
urban housing and infra-

structure.

The benefit of R, consists of total production value minus total
consumption and capital cost, as well as the urbanization cost

(C(s)).

,According to equation (10), one can control the number of
migrants by changing the ratio of consumption in urban and rural
areas. These quantities depend on rural-urban policies in income
distribution (wages) and employment (in), as well as on demographic
processes and migration. All these policies and processes should
be correlated to maximize the regional benefit.

In rural areas, for example, the joh access (YOi(s)) depends
on the agricultural policy and, primarily, on structural change,
which alters the number of jobs in the modern (state) and tradi-
tional (private) agricultural sectors (see section 3.3). One of
the objectives of this policy is to maintain per capita consump-
tion (Z,) at not less than the given level (21). For the
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implementation of such a policy, it is necessary to satisfy

A K
= 2 P - - 5 _ m
Yo1(8) = Mgq2qPq {1 = 8) = wgqkgq2gq(8)By 1 = s £
(14)
In turn, it requires that
(s) = - 1-s
20i'S) T 290 T/ v (15)
1-s-
K01
where
_ %1Mp1 (16)
01 Kgqwgq

It should be observed that, in the model studied, 21, Wy 1 (or 201)
are regarded as exogenous, because the value of leisure time is not
explicitly introduced in the utility function.

Urban per capita consumption should be an increasing function
of s:

v
_ - ,sl+1.@ 1

Since, on the other hand, see equation (8), the urban per

capita consumption is equal:

K
m
‘ 1+sl—
Yo (s) K02

Z2(8) = 5 opster T Y02(80%02%028) oty UT®)

for zoz(s) = 202 = constant, the following value of the urban wage

level is obtained:
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Ng2Z1V1 (s1+1)3%]
Wh(8) = (19)
02 E v da Km
K02%02V29 1+s1- ™
K02

When s is known, the corresponding capital cost (Ski) and

aggregate consumptions (Sci) can be derived using the formula

_ 5 _ i %14
1 01
Sci = n1iPi(S)Zi(S) , 1 =1,2 , Z1(S) = Z1 (21)

The main problem is therefore to find the optimum value of s.

The problem (11) - (13) can be regarded as a game, in which
the three players (Ri) try to maximize the corresponding benefits
(Bi) by allocation of subsidies (Si, Ski’ S .). The effective

ci
solution in terms of s can be derived by maximizing

Yy, . (s) - C(s) , (22)

= 1,51+1 _°n
C(S) = P1Z1[V—-( d ) + h] S ’ h = ~ 1 . (23)

The necessary and sufficient (due to the concavity of B (s))

condition of optimality: B(s) 0, yields

s1+1\2 sla 1 _ V2|5(s) A o(s)
(T) [1 + ﬂ"s—l] = v_[_ - h] = (24)
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where

YAq(s) Y.,(s)
-, . _ a 01 02
g(s) = Is [W1 501——— + W2(S) O‘O——Z_—] . (25)

For small s, in simpler models, one can assume that woz(s)
502 = constant, thus Wz(s) = W2= constant and Y01(s), Yoz(s) are

linear in s. 1In that case,

_ - W2 Km W1 K
o(s) =0 = —Y_ ,(0) 1 - — Y. . (0) — (26)
@5y 02 Koz g7 01 K01
Since
Yo, (0) = ng;Z (WB, , 2,000 =32, |, (27)
then
_ Vo[ Wa 23000 ngpkp Wy Nggkg
als) = 0  G-lg o < T K - h r (28)
1 02 Z1 02 01 01
where
- Vi -a
ZZ(O)/A1 = T d . (29)
2
Ww.
It is noticeable that — wgy = Y;/L; are the oroduction values
0i

per worker at R,. These wvalues can be derived (ex post) by sta-
tistical data. They can also be used in the ex ante sense to
determine expected (within the planning interval) values of W

assuming that Yi/Li do not change much.

By solving equation (24), one can find the optimum value of
s, say 8, and compute c(s). It may be observed that the greater
are the expected labor efficiencies wz/q02 = Y2/»02L2 and Km/K027 as
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compared to w1/a01 and Km/K01, the greater is ¢ and s. An in-
crease of Voo Kgar as compared to V1, Kgq+ also contributes to

an increase of 8. As illustrated by Figure 3, where

W, W, _
Y(Sro) = ~ Y02 (S) + Q_— Y01(S) = Y(O) + Os ’ (30)

%02 01

an increase of © (52 > 51) produces an additional gain AB =

B(éz,oz) - B(§1,o1) for the regional economy. When modern indus-
tries are located in an urban subreg;on, W, and AB should be in-
creased. The investment in a water system, which reduces the water
price, affects W;, W,, as well as the outouts Y,, ¥,, simultaneously.

-C(s)
Figure 3. The impact of migration on regional benefits (--- rep-
resents the form of the B(s) function for the present

case).

A

Under optimum s = s, the necessary subsidies become

o, Naqj
N 11 A oy 11 -~
§ . =Ly (& S .. ==—1Y .(s) , (31)
ki 0G4 01 ci Noi 01
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while

~ A ~ n a
B.(s) = B, = Y01(1 + i * -(1—11.' , 1= 1,2 ’ (32)
1 1 Moi 0i
A A 2 A w n a -~
i 11 11
B,(s) = B, = I . 11 -c (33)
0 0 i1 01(“01 Noi  “oi )
~ N 2 wi ~ ~
B(s) =B=1 —Y.. -C ., (34)
i=1%3 %
According to equation (8),
Yo, (s) = ¥, =P (s)z (sing; (B(s) = 2) (35)
P1(s) = P1(1—s) , Pz(s) = P2(1+sl) . (36)
In the more accurate models, it is necessary to take into
account that for ZOZ(S) = 502 = constant, woz(s) is an increasing
function of s. Assuming, for the sake of simplicity, Kn = Ko1= K,
_ _ Nasd 4V
Wy (s8) = w sl+1\¢ |, &, = 0211 ) (37)
02 OZ(T) 02 N
0272
Taking into account that
-a
02
W, (wgy) = A[woz(s)] ’ (38)

where A is a constant, which js independent of wgos One obtains

W.. (s)
d 2 )
- | —Y (S)] = B(Sl+1) ' (39)
ds[ %02 02
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where
B = (a,,) ' (B+1)AlkZ .. (& )1-%2 = a(l
= %52 KZ 025202 r B =all-ag) - (49
Then
-~ ", g _ M4
o(s) = l(B+1)36;Y02(0)(sl+1) - a——Y01(0) ’ (41)
01
where
Yo (0) = B3P W= A 02
02 = WooKZgoPy o Wy = Awg,) : (42)

It can be seen that equation (8) holds for s = s. The form

of the B(s) function for the present case is shown in Figure 3

by the broken line. 1In this case, however, W, in equations (33) -

(34) should be replaced by

A a0y, (43)

Wz(;) = W,[1+s1] )

For the decision maker, the main problem is to evaluate losses
(in terms gf Bi) when the strategies, say,Ski, Sci’ Si, differ

i = 1,2. The possible change in strategies

from Ski' Sci’ Si/
may be attributed to the poor estimation of migration rate s.
If, for example, the planner expects (with given Woir Koy Km)

the s to take the wvalue ;, he will propose capital expenditures

- o, . ~ A, . Y .. (s) ~
instead of
o PR
~ 11 ~
S = — Y. .. (s) . (45)
k1 aoi 0i
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-~ ~

By denoting a1iY0i(s)/aOiY0i(s) by a1i/a0i, one obtains

Sxi %91 0 %4 - 3
= == = » where aj. + a,. =1 , i=1,2 . (46)
S, . I 1i 1 * ’
ki 0i
Then
T ®135i v -
11 = = r Qpp T 1 - Gqy (47)

®0i5ki * *1:5ki

~

As a result of the Ski strategy, output production decreases?

i.e., the Wi coefficients become

~ a .. ,~ a, .

~ (s JPR Oifa. . 11

0

W, = wi(a——l) ) W, i=1,2 (48)
0i 1i - 1

~

where the equality sign follows ifEaOi = Qpy-
A similar situation appears when the planner spends on ag-

gregate consumption

-~

~ n,. ~ n,.Y . (s) ~ n,. ~
11 1170
ci = T .YOi(S) = —+ 91 YOi(s) = —~11Y0i(s) , (49)
%1 Noi¥oyi () "oi

instead of

A n : ~
S_; =~ (5) . (50)
The corresponding decrease of utilities follows, i.e.,
~ \N ~: £~ .
na.\ Gfn, V11
0i 1i (51)

A
<

. =V,
N \"oi "4

<
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where

~

~ ~

n1.S .
i = —= r Moy = 1 = ngy » i=1,2 (52)
1l ~ ~ i i .
nOiSci + n1iSci

The impact of nonoptimum strategies on production output and

utilities can also be seen when one uses the relations (1)-(5),;

i.e,
Y. =wW.[v. +s,. u. =v.[z.. + 2
i wl[Yol Skl]' Ul Vl[ZOi + ZLJ * (53)
When
~ A a * A ~ A n SA
_ - _1i - - 11
Ski T %ki Twg t0i v Fin T Fan TR %oi v (58)
then
~ Wi A~ A~ ~ Vi ~ N
V= e— . = , ., = —232 = . .
Yl OtOiYol Yl ' U1 o1 U1 (55)

In order to derive ii =z + i1i’ one should observe that

~ 0i
strategies Spir Sei generate (according to equation (44)) the wage

funds

[s W O
_Qigk, L, i=1,2 . (56)
@13 <

Yo; 7

Then, per capita income (from wages) becomes

~

~ Y.. On § .
Z s = 01 = 01 ki ’ (57)

0i ~ oy - ~
Pi(S) 11 pi(s)
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while

- . [P .
Z1l = Cl- = Ol kl~ , (57)
Pi(s) 1i Pi(s)
while
. S
2, = € _ ., i=1,2 . (58)
L op.(s)
i
Then,
~ - ~ ~ ~ -1
Zi(s) = (skiaoi + Scia1i)[a1iPi(s)] , 1 =1,2 .(59)

-~

The value of s, which results from this strategy (according

to equation (10)), can be derived as the solution of

¢
¢

(1+sl)‘a _ 2 2 (s) (60)
3 ——=
V1Z1(S)
After solving equation (60), it is possible to derive
~ ~ Ny .
B, =y |1+ 2+ ali , i=1,2 (61)
. * 0i 0i
~ 2 - Wi (s) n Oy . -~
1 11 1i
B =1Y - - -1 -Cc , (62)
0 =1 O\ ®oi Mo %oz
~ 2 Wi(s)~ ~ (63)
B = E a Yoi - C ’
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where

AaN: ~ ~ ~ - o~

o _ 01 - o .
YOl = (1_1_1 Skl ’ C = (Z2 Z1 + Zh)P1S ; (64)
~ o~ ~ ~ o~ ~ ~  ~=ag
W,(s) = W, = constant, and W,(s) = W, (1+sl) 02 .
(65)
When Zi = Z1, B £ B, whereas generally Bi # Bi' i=290,1,2.
The equality signs follow when Ski = Ski’ SCi = Sci’ Si = Si’
i=1,2,

In order to use the proposed model effectively (for deci-
sion making), it is advisable to implement it in the computerized
interactive form, shown in Figure 2. The policy evaluation box
(PE) rgceivgs the information regarding the proposed strategies

(Sir Scir
etc. and computes the resulting benefits Bi, utilities, employ-

Si), expected wi (prices), wages, demographic factors,

ment, migration, etc. The computed values are monitored for the
decision makers, who are represented in Figure 2 by Ri boxes.

By comparing the resulting B, with optimum values, the decision
makers may change their strategies. Using that system, it is
also possible to investigate the impact of industrial investments,
which (due to indivisibilities) cannot be made equal to the opti-

mum values.

3. EXTENSIONS OF THE R-U MODEL

3.1. The Impact of Commuters

In order to include in the basic R-U model the labor force
commuting from rural to urban centers, one can use an econometric

relation in the form of equation (10):

) ’ (66)

1+Slc=d(

C C U)O.]

where
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c is the transport cost (as paid by commuters); and
S is the ratio of commuters to rural employees.

The coefficients dc’ a_, are determined by standard econometric

c
methods, using ex post data. The relation (66) indicates that
commuters react mostly to the net urban (woz—c) to rural (w01)

wage ratio.

The transport cost is the product of average commuting dis-
tance r, N working trips, and fare plus traveling time cost b,
i.e.,c = Nrb.

The average commuting distance can be derived from the com-
muters density function n(r), which can be computed using exis-
ting statistical data. The average distance can be defined as
the ratio of the moments of n(r), i.e.,

r = rn(r)dr/s° n(r)dr . (67)
c 4]

One should observe that commutings change the income (from
wages? Y,; at both R, subregions. Then, equation (11) should be
replaced by

Ei =¥y, + S, , i=1,2 , (68)

where

K
- _ - - m .
o1 = u’01“017‘011’1[1 TS T SKm] * Yolsss) (69
- - = m
Y02 = LL\OZ(S)K02202P2 1 + Sclc + Sl% - YO(S'SC) ' (70)
Yo(s,sc) = woz(s)KozzozP s 1 — (715

2%¢c CK02
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%0101
' (72)

Q
'!:"'_A |

2 202%02

As a result, per capita rural income

' (73)

where

~

Z1 is the given minimum per capita income of farmers (ex-

cluding commuters).

It should also be noted that the migration rate s is determined,
according to equation (17), by Z1 rather than by Z1(s,sc). Con-
sequently, (compare equation (19)), the urban price level (woz(s))

depends on s, but does not depend on sc; thus,

_ o (1+s1y® - N02%1V4
w(8) =g, (Fg=) . Gy = R (74)
02202V2
Then, equation (12) should be replaced by
_ 2 (Wi(s) ] _
B, = L -1 Y -(S,S ) = s.1 - C(S,S ) ’ (75)
0 i=1 %gi 01 c i c
where
- - “m
Y01(s,sc) = w01’<01zo1P1 1 -~ so - SK01 ’ (76)

K
= P _m_
Y02(S’Sc) = woz(s)Kozzosz [1 + Sclc + SlK02] , (77)
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W,(s) = W, = constant. ; (78a)
- - %02 -

W,(s) = Wz[éoz(s)] ’ W, = constant ; (78B)
C(s,s ) = C(s) + C_(s,s ) (79)

C.(s,s ) = [aoz(s) - wgq * 2] BPys, ; and (80)

Zc is"the (per capita) cost of urban infrastructure re-

guired because of commuting.

The commuting cost function Cc(s,sc) consists of the term
502(5) - Wy which represents the wage difference between the
urban and rural employee, and the urban cost of infrastructure

(in transport and services mostly).

In order to find the optimum migration and relation commu-
ting rates it is convenient to derive first the sc(s) relation-

ship. Using equations (66) and (74),one obtains

a -
<1+sclc>c _wgpls)-e (1+sl _ ¢ (1)
- 4
dc “o1 Y01
or
L
_ 92 1+sl c |a -1 _ 2
s, (s) = ( ]c ag - 1417 . (82)
“o1
The optimum value of s = § can be derived by maximizing

the function

2
B(s,s_) = I Ei[s,sc(s)] = B(s) . (83)

Then, the wvalue §C sc(§)_can be derived. It is possible
to observe that when a, = a, ¢ << I sc(s) can be approximated

by the linear function
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- 1
d w =
1% (“o02)a -1
Sc = [—d— (W) (1+Sl) - 1] lC . (8“)

In that case B(s) is a concave function and a unique stra-

A

tegy s = § exists.

3.2. Capital Cost and Labor Substitution

In the basic R-U model, the different costs of capital per
worker (at R1 and R2) were not taken into account. As a result,
the total goal function equation (22)) was equal to the gross re-~
gional product minus the urbanization cost. 1If, instead, one de-
cides to maximize total consumption, the Bo(s) and B(s) should
be replaced by Bo(s) and B(s), in which W, should be replaced by

i
of ¢ as well as s (for @yq ¥ 0q,) decreases.

W. = Wi - Qg i = 1,2. In that case, the corresponding value

It should also be noted that the outflow of labor from agri-
culture might require capital substitution (to keep the agricul-
tural production value at a given level Y1 = Y:). Such a situa-
tion occurs when regional agricultural production is less than
demand while the price of imported food is much higher than the
local production cost. In this case, the policy aimed at re-

ducing the cost of capital for agriculture (w11) may be advisable.
The cost of capital increase (as a result of reducing w,,) becomes

* * l
~ - Y, ~ - Y, %19
C*(Y*) = Y..(s) | = — - 1| = Y..(s) ~ - 11 (85)
1 1 Y..(5) 1 2. (3)
11 1
ol !
Q [0 -
- ao Yo ® et |
01 1% 01
where

-— Km
S = s + s .

K 01 c (86)
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The total goal function (22) should, in the present case,

be supplied with the term

where

T is the export to import price ratio.

The optimum value of Y: = Y: can be derived by solving the

equation AB’(Y:) = 0, which yields

S % * -

Y, = a YO1<S) ' (88)
where

1
* o * a
a* = 7% W1 01 _1_ ’ o = Ell (89)
%01 01

*
Then, for Y1 = Y1,

"% % -
AB(Y1) = b Ym(s) ’ (90)

where

* -1

*
b' = (MW ~0a,q)ag, + (ﬂW1)a - ~-a* . (91)

3.3, Structural Changes in Agriculture

This far, agriculture has been regarded as a single, uniform
sector with production function (1). In some countries, such as
Poland, agriculture consists of modern (state owned) and tradi-
tional (privately owned) farms with different acreages (for sta-
tistical classification, private farms can be grouped in five
size categories with different production functions). In addi-

tion, a relatively small collective farm sector exists, which



-123-

for the sake of simplicity may be grouped with the state

sector.

Figure 4. Urbanization diagram (U is the urban part of the
region; G is the state sector of agriculture;
p', i =1,...,5, is the private sector of agri-
culture; ---represents transfers of land; and <«
represents the direction of migration).

The private (Pi, i=1,...,5 and state (G) sectors are
shown on the urbanization diagram (Figure 4), where U represents
the urban part of the region. The urbanization process is char-
acterized by land between the sectors and migration of labor. In
particular, there is considerable migration of labor from the
small size farms Pi to the urban areas in the form of permanent
or commuting migrants (§i = si L s;) accompanied by intersector
migrations. There @s also an outflow of labor (Lp) from the pri-
vate sector (P = {P'}) to the state sector (G) at rate Sgi i.e.,
Lp(sg) = ip(1-sg). The migrants' moves are accompanied by the
corresponding transfers of land. Generally, the ratio of state
to private farm acreage (Ag/Ap) characterizing the structural

changes in agriculture increases with migration.

In the present model, we are concerned with the optimum
policy of structural change. It is assumed that, for the state

sector, the ratio Vg A Ag/Lg(Sg), where Lg(sg) = ig (1 + sglg)
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and lg,= ip/ig’ does not change much (in Poland it is presently
around 8 ha per worker). This means that state sector employ-
ment is determined by the available acreage, which in turn (in
Poland) depends mainly on the area of land given up by ageing
private farmers (in accordance with the law, farmers of nonpro-

ductive age may exchange land for a retirement pension).

Denoting the Kp/ip ratio by Gp (presently it is around 3.5
ha per workers), the expected (within the planning interval) acre-
age given up by the retired private farmers becomes A, = LNGP,
where Lw is the expected increase of farmers in the post pro-

ductive age (derived from demographic projections).

It will be assumed that only a part Awg = EAw, where £ is
a decision variable (£€[0,1]), is used to create the new state
farms and the remaining land is rented or sold to the private

farmers.

Then, the total state sector acreage Ag(S) becomes

A_+EA =V ig(1+s

2
g " g lg) ' (92)

g

and
-1

-1
- la +35f o i, , (93)
s, (£) [(Ag + VL0 @) 1]1g

Within the private sector, one obtains

L_(1- , 94
Lp(sg) Lp(1 sg) (94)

(95)

n
1

|
<
o

AP(E)

Obvicusly, the wage (i.e., the income) of private farmers
D (for details, see Kulikowski 1978),
so both the values for the planning period should be given (al-
though they are not necessarily equal to the existing values of
501, Gp). Then, the expected number of jobs (J;) in the {P,G}

(w01) depends on farm size v

system is equal:
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A A v
J (g) = A4+ B_g, [R- R (96)
¢ Yp

while the access index 201(5) becomes

&) = —gl el
Z = —= (97)
01 K01p1(1 Ss) .

An important problem regarding the policy of structural
change is to find an optimum value for £. One of the main ob-
jectives is to keep the farmer's income (Z01), or 21 = 201/n01)

at a given predetermined level.

Such a policy requires that ¢ is the solution of equation (8),

for i =1, i.e.,

A

©91K01201(8) = ng12q (98)

which, after taking into account equation (97), becomes

~ §3 §B n01E1 = = = o] -,
£ = Vg ¥ Vo ) o} Pq(1=s) LwVP(VP " Vg ) © (99)

When £ is known, using the equations (92), (94), and (95),
one can find the values of Ag(g), Ap(g), and Lg(g), Lp(g).

It is then possible to replace the aggregated agricultural
sector in the basic R-U model. 1In particular, assuming the

same rural income (m01), one can write

Y. =Y + Y , 100)
1 P g (

where
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>

b= wpm01Lp(€) ' (101)

>

Yg = wgw01Lg(€) ’ (102)

and

Wp, Wg are given numbers.

When the capital cost assigned to the rural regional budget

is spent on the state farm sector only, one should replace Sy

in equation (44) by

(103)

In the last case, the capital investments in the private
sector are financed out of farmer's revenue, which depends

~

on the output &Yp) and input prices, regulated by the government
agencies. In order to substitute the outflow of private labor

by capital the government may, however, give the farmers low-
percentage'credits or decrease the cost of agricultural services.
In that case, the corresponding cost of capital can be derived by
the method described in section 3.2.

3.4, Linkage of the R-U Model with National Economic Model

So far we have discussed a regional model in which it is
assumed that the region is closed, with respect to in-migration
to other regions. A possible extension of this model consists
in introducing rural (Mr) and urban (Mu) out-migrants, which
change the projected (P1, P2) populations as follows:

P, =P, - M , P, =P

1 1 r + M . (104)

2 u
The R-U projected (without migrants) population is equal:
Pr =P

1t Py (105)
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while the expected R-U population with migrants becomes

Pr(sr) = Pr (1+sr) ' s_ = . (106)

In a similar way, the population in the rest of the country
becomes

-~

Pc(sr) = Pc(1—sc) . (107)

It will be assumed that the new (r-c) system (consisting
of R-U and the rest of the country) is closed with respect to
. . = l - .
migration, so s, sclc, - Pc/Pr' Assume also that the ratio
m = Mu/Mr is known, so one can derive

_ ~ Prsr

Pplsy) =Py = o3 (108)
~ mP sr

P2(sr) = P, + — (109)

Then using the method described in section 2, where P, Py
should be replaced by 51(sr), 52(sr), one can find the optimum

strategies.

Generally, S, is unknown in the ex ante sense. One can,
however, regard the r-c system in the same way as the basic R-U

system. Such an approach allows the form of the basic equations

(1) - (60) to be preserved, but with a change in the indices
fromi= 1,2 to j = c,r, respectively (in other words, the sector
with index i = 1 is regarded as the rest of the country, while

i = 2 corresponds to the whole R-U regional system studied so far).

Using that approach, 2, is regarded as given, therefore

2 _(8) = c c r, (110)
r
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is predetermined.

On the other hand, Z. is determined by R-U migration s,

. 111
- %1 P 2 7P (1)

When Z; and z, are fixed, the sole parameter that can be
altered is ZZ' The value of 22 can be changed by altering g,
i.e., by locating such industries in the urban economy, which

produces the labor efficiency Y,/L, = (Wy/045)wgg-

Indeed, the value of Y2/L2 can be regarded (in microeco-

nomic terms) as the averaged sum of individual labor efficien-

cies Yj/Lj =F, 3 =1,...,N, where N is the number of factories.
Obviously,
2.7 04
L= 3 F. . (112)
L2 521 L2 3

Usually, a part N' < N represents existing or given factories,
while {N-N'} represents new factories, with given Fj indices,
planned within the optimization interval. By selecting the loca-
tion of new factories (i.e., Fj and employment, LjL oge can de-
terTine the proper value of Y2/L2 and, consequently, Z, as well
as Z1.

4., DESCRIPTION OF THE IRUD SYSTEM
4.1, Input Data for the IRUD Model

Input data for the IRUD model are presented in Table 1.
They include parameters as well as exogenous and decision vari-
ables, for the production, consumption and migration submodels.
The decision variables represent the players' strategies. The

player R0 on the regional level divides the total amount of
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subsidies between the rural and urban subregions. The players

R, on the rural level and Ry on the urban level divide the subsidies
obtained between capital rent and aggregate consumption. Policy
variables form the fourth group of input data. They are selected
from the model parameters and exogenous variables and include
quantities that can be assumed by the central planner. The nota-
tion presented in Table 1 refers to the model description in

the lefthand column and to the computer printout in the right-

hand column.

Two versions of the model have been considered in the IRUD
system. In the first version, the following simplifications
have been made: the labor costs Y5i (i =1,2) are linear with
respect to migration rate s; the wyqe Woop are constant; and
housing costs are neglected (parameter h = 0, Zy = 0). In the
second version Who is considered as a function of s and is cal-
culated on the basis of equation (19). Housing costs are taken
into account in the total migration cost function (C(s)). Then,
the relation (13) is replaced by

C(s) = [2Z,(s) = 2;(s) + 2,1 . ?1 . 8 =
sl+1.2 -
= Zi(s) < I 3 ) + h] . P1(S) ’ (113)
where
Z

h=1+2—7§)— . (114)
1



-130-

Table 1. Input information for the IRUD model.
M itude Notation in Notation in
agnitu model de- computer
scription printout
MODEL PARAMETERS
Production function:
Parameters W1, W2 W1, W2
Elasticities with respect to:
~- labor agqr%ga alfa01,alfa02
~= capital SRR alfal1,alfa12
Utility function:
Parameters V1, V2 v1l, V2
Elasticities with respect to:
-- personal income No1:M02 etal1,etal?
-- services
N11:M95 etall,etal2
Migration submodel:
Share of population of
productive age K01’ Xg2 kappa01,
kappa02
Share of migrants of pro-
ductive age K kappam
Parameters of the behavioral
relation describing the migra-
tion rate as a function of
.utilities' ratio a,d a,1l
Parameter of housing costs h h
EXOGENOUS VARIABLES
Rural population P1 P1
Urban population P2 P2
Minimum rural consumption
per capita 24 21
Average wage: rural and urban Whq1r Woo omegal1l,

omegal2
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Table 1. (continued)

Magnitude Notation in Notation in
model de- computer
scription printout

3. DECISION VARIABLES
(players' strategies)

R0 level:

Division of the value of
total subsidies S S
-- rural subregion 54 Soi

-- urban subregion S,

R1 level (rural):

Division of the S1 value

between
-- capital rent Sk1 Ski
-- aggregated con- Sc1 Sci
sumption

R2 level (urban):

Division of the 52 value

between
-- capital expen- Sk2 Ski
ditures
-- aggregated con- SC2 Sci
sumption

4. POLICY VARIABLES
(selected from the model para-
meters and exogenous variables)

Minimum rural consumption per Z1 z1

capita

Average wages Wyqr W02 omegall,
omegal2

Housing costs (in migration Zy, h Zh, h

cost function)
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4,2, Information Obtained from the Model

The quantities obtained as a result of the model runs are
presented in Table 2. They include the values of the goal func-
tions and main endogenous quantities describing production, con-

sumption, and migration.

Table 2. Output information (quantities calculated in the model).
Notation in Notation in
Magnitude model de- computer
scription printout
1. Goal functions:
1. Total B B
2. Player Rj By Bo
3. Players' Ry, R, By, B, Bi
2. Migration submodel:
1. Migration rate S S
2. Migration M M
3. Cost of migration C(s) C
4. Population dependent on 51(5),52(5) Psi
migration
3. Production submodel:
1. Production value Y1(s),Y2(s) Yi
2. Wages fund Y01(s),Y02(s) Yoi
3. Employment dependent on
migration L1(s),L2(s) Lsi
4. Index of labor access Zg1r %92 ZO
4. Consumption submodel:
1. Total per capita con- 7 7 7
sumption 17 72
2. Consumption out of personal
income 201, 202 201
3. Aggregated consumption Ziqr 245 Z11
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4.3, Structure of the Interactive System

The general structure of the system is presented in Figure 5.
The blocks on the left side of the scheme refer to the user of
the system. On the right side, the subroutines used in particu-
lar blocks of the system are given. The system starts opera-
tion with the initialization of the input data. The standard
values are assigned to the exogenous variables and model para-
meters by DATA statement. The following INIT block enables the
user to interactively update the initial values. The values
assigned to the particular quantities are visualized on the
screen or obtained in printouts. If the user requests that any
of the values be changed, the system lists the notation of the
variables in sequence. The user can decide which variable
should be changed and can assign a new value for the particular
variable. After this, the updated data are visualized and at
the user's request, the procedure can be repeated.( for example
to correct mistakes). This program block utilizes the unit sub-
routine to obtain the updated initial values, which are input
in the OPTIM block, to calculate the optimal solution. First,
the optimal migration rate § is calculated under the assumption

that the model maximizes the total benefit function B.

The optimization problem consists in finding the zero point
of the function F(s), which is derivative of B with respect to
s. For this the Newton iterative method is used. The Newton
subroutine uses two additional subroutines: fmig, which calcu-
lates the values of the F(s) function and dmig, which calculates
the values of the derivative F'(s). Having the optimal migra-
tion rate §, the optimal values of decision strategies are derived
and all endogenous variables are calculated by the model rela-
tions. Optimal results obtained in this way are stored in the
memory. The value of total subsidies are used in the subsequent
DIAL block. This block enables the players to introduce the
strategies interactively. DIAL starts with the presentation of
the total subsidies. The RO player can divide the subsidies
between the rural and urban subregions. The information is then
presented for players R1 and R, and the rural and urban subsi-

2
dies are visualized. The players R, and R, can divide the
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USER SUBROUTINES
of the system
standard data initialization |,
/ ~ e e —_ -
| updating of | ) INIT
[the initial ¢ interactive change of exogenous init
values | variables and model parameters <¢—
-
initial values .
| OPTIMIZATION *
optimal solution
-
MODEL w
calculations’
Jtotal subsidies[ %optimal results]
A MEMORY'
; DIAL | , .
interactive introduction ¢———— dial |
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i:ge_new stra i MODEL |
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visualization of the
- current results

I |

5 | MEMORY
| o —
_ _ _ _ _ _lvisualization of the |

optimal results

|

Figure 5. The structure of the IRUD system.
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subsidies into capital rent and aggregated consumption in a simi-
lar way. All the introduced values of subsidies are shown on

the screen and can be improved on request. The players' strate-
gies and the initial values are used in the next block,which cal-
culates the resulting migration rate s. The § value is found as
the solution of equation (60). For this reason, the Newton method

is used to find the zero point of the function

0]
?

o Qyn 2,(8)
1451 V2o %12 % (115)

The Newton method utilizes the subgoutines fmig 2 and dmig 2.
fmig 2 calculates the values of the Fz(s) function, while dmig 2
derives the values of the derivative . F2'(s). Using the migra-
tion rate s, the endogenous quantities are calculated by model
relations. The values of the quantities, called current results,
reflect the decision strategies and in general are not equal to
the optimal results. The current results are visualized on the
screen. The user can analyze these results and new strategies
can be introduced. The system runs in this loop as long as the
user does not decide to finish play. Then the optimal results

are shown.

4.4, Operation of the System

The IRUD system has been implemented as a set of FORTRAN IV
subprograms. Under the UNIX system, the subprograms have been
compiled and already linked using the ftn compiler and the execu-
table program has been obtained. The user, to operate the IRUD
system, should type on the terminal the name of the file that
contains the executable program (it is assumed that the user has
already logged in the UNIX system and can use the terminal).

An example of operation of the IRUD system is presented in Table 3.
The example shows the information exchange between the system and
the user. The information introduced by the user is underlined.

At first, the IRUD system gives the initial values of exogenous
variables and model parameters on the screen. It asks the user

whether he wishes to change the values. The user answers by
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Table 3.
the IRUD system and the user.

start

initial values:

population Pl= 12223729. P2= 332302

wl= 3.529 ~2= 1.51¢@

alfa3l= 3.52 alfad2= 9,63

alfall= 3.48 alfalls J.32

kappam= 2,631

kappalls 3.525 kappa?2s l.561

wagjes: omegals 2457.2 omegaz=z 2873.7 zl/month

eta2l=2.85) etad2=2.352
etall=@%.15) etal2=3,159
total rural consumption per capita Il=
do you change the initial values ?,
(write please t(true) if yes or f(false)
t .
“you can change the values interactively,
1f you change particular value, follow please its description
ty t, elsewhere Dy £
=rural population 21

1559a.

elsewhere)

-

urtan population P2
&
o

wl
t
write please the value(values) with decimal polnt (separating by commas)
3.7I
YR
£
alfa?l, alfall (rural)
£
alfa?22, alfal2 (urban)

lm

wages omegal, omega?l

|l'h

rural consumption Z1

,m

arameter a

I
O

initial values:

population Pl=s 4230349. p2= S5323°2.

Wls 0.7C3 N2= 1.513

alfa2l= 73.52 alfad2= 72.63

alfall= 4.43 alfal?2= 3,32

kappam= 27.631

kasgpadl= 3,525 ka?paOZ- 9.561

wages: omegals= 2457.9 Jmegal= 2873.2 zl/month

etadl=3.8§5)2 tetad2=3.357

atallag . 152 tetal2s=9.152

total rural consumption per cagita Il= 15375,
do you change the initial values 2,
(write please t(true) 1if yes or f(false) elsewher=s)

PLAYER Ro
you have S= 12536.6 aln z1 subsidies to ZJivide on rural and urtan part
write the value of rural subsidies, please
5532.39,
PLAYER RI
you have Sol= 5592.¢ mln 2zl
agjregate consuaption,
write the value of capital rent,
1623.¢2,

subsidies to divide on capital rent and

please

An example of information exchange between
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Table 3. (continued)

PLAYER R2
you nave So2= 7236.6 mln 2zl subsidies to divida oa capitzal rent ani
agjreyate consuemption,
write the value of cagital rent, please

£93n, 7,
Z2c1s10n variables (mln zl) :
total suctsidies: rural Slc= 55%49.90 artan S2p= 7733.8
sutsidies 3Skpl= 4601.3 Skoi= 5977.2
subsidies Scpl= 923.2 S¢cp2= 1135.5

do ycu change your strategies?
(answer bty t if yes or f elsewhere)
f .

results of the players strateqles
total subsidies 3= 12335.6 aln zl

subsidies Soi mln zl

rural 553¢.292 dgrtan 7116.572
subsidies 3kl mln zl

rural 1€232.7292 arzan 3822.2272
subsidies 3ci nln zl

rural 332.273 urtan 1136.372
migration rate s= 2.3932

migration 4= 41247.

cost of migration c= 297.3 aln zl

goal function 3 38333.4 mln 21

goal function Zo 2034.7 mln z1

goal functions 31

rural 10498.195 urban 17831.189
w~wages fund Yoi mln z1

rural 4998.196 artan 12794.0617
groduction value Y1 mla z1

rural 5727.793 urban 23932.3857
gooulation Zependent on migration Psi

rural 378752.312 urkan 591247.187
employment Jdependent on .nigration Lsi

rural 169522.323 urtan 313195.232
index of labor access zo

rural 2,453 Jurban 7,524
total consumption per cacita 2 in zl

rural 15572.639 uroan 23179.637
consumption out of personal income Zoi

rural 13196.4569 urbtan 18257.387

aggregate consumption 211
rural 2376.222 yrdan 1922.332
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Table 3. (continued)

do you continue the play
(answer please dy t if ves or f elsewhere)
£

optimal solution:

total subsidies S= 12536.6 mln zl

sutsidies Soi min z1

rural 552¢.543 urban 59156.228
subsidies Ski min zl

rural 4718.48¢ urban 5829.333
sutsidies 3ci aln zl

rural 982.262 uroan 1386.13°7
migration rate s= 9.0825

aigration "= 24651.

cost of migration c= 284.5 mln zl

goal function B 30411.2 min z1

goal function Bo 2374.5 mlin zl

goal functions 3i

rural 12732.232 urban 17634.437
wages fund Yoi mln zl

rural 5111.687 urtan 12633.,4¢€38
production value Yi aln zl

rural 6881.117 urban 23734.553

population dependent on micration Psi
rural 385348.531 urtan 524651.529

employment dependent on migration Lsi
rural 173371.562 urban 310324.594

index of lapor access zo
rural 2.459 urban 7.33¢

total consumption per capgita 2 in zl
rural 15626.229 arban 21597.852

consumption out of cersonal income Zoi
rural 13265.191 urtan 13221.574

aggregate consuaption Z1li
tural 2343.929 urban 3228.178
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typing "t" if yes or "f" elsewhere. 1If the user types "t",6 the
system starts to list the initial values using the notation given
in Table 1. Each variable listed has to be followed by "t" typed
by the user if he wants to change it or "f" elsewhere. The new
value should be typed using decimal points and should be separa-
ted by commas. At the end of the above procedure, the updated ini-

tial values are shown on the screen.

Next time the system asks the user whether he wishes to change
the initial values. The procedure can be repeated to correct mis-
takes. If the user assumes as correct the change of the initial
values, he types "f" and the game starts. During the game, the
system calculates the optimal results. The total subsidies S are
shown for the R0 player. Then, the user types the value S1 of
rural subsidies. The value S - 54 belongs to the urban subregions.
The information for the player R, consists in the rural subsidies.
The user introduces the R, strategy by typing the value of capital
rent. The R, strategy is introduced in a similar way. All the
values should be typed with decimal points in million zlotys.

The strategies introduced then appear on the screen. If the user
notices any mistake in the values introduced, he can repeat the
DIAL procedure by typing "t". 1If the strategies are correct, the
user types "f" and the results of the players' strategies are pre-
sented on the screen. At the first, the subsidies are shown.

After this, all output quantities are visualized using the nota-
tion given in Table 2. Because of the limited size of the screen,
the results are divided into two parts. To obtain the second part,
the "cr" key should be used. The results are followed by the ques-
tion to the user as to whether he wants to continue the game. If so,
the user types "t" and the system goes back to the DIAL procedure.
New strategies can be typed and new results can be derived. If the
user decides to finish the game, he types "f". The system shows
the optimal results. The results are divided into two parts and
the "cr" key should be used to obtain the second part. This com-

pletes the system run.
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4.5. Examples of Computation Runs and Data Used

The values of exogenous variables and parameters assumed to
test the model calculations and the IRUD system are presented in
Table 4. The values are based on statistical data for 1973 on the
Bydgoskie voivodship, which forms the greatest part of the Upper
Notec region. Examples of the results for first version of the

model are presented in Figures 6a, 6b, 7a, and 7b.

o
Table 4. Data for experimental calculations.

1. EXOGENOUS VARIABLES

Rural population P1 = 420,000.

Urban population P, = 550,000.

Rural per capita minimum Z1 15,600 zl/month
consumption

Average wage: rural wyq = 2,457 zl/month

urban Wgy = 2,873 zl/month

2. MODEL PARAMETERS

Production Function:

Parameters W, = 0.52 W2 1.51

1

Elasticities with re- a = 0.52 (0.7) « = 1.51
spect to: labor 01 02
capital Aqq = 0.48 (0.3) Oyy = 0.32
Utility Function:
Elasticities with re-
spect to: personal income L= =
' g1 0.85 Ng2 0.85
services Nyq = 0.15 Nip = 0.15
V1 = V2 = 1

3. EMPLOYMENT -. MIGRATION SUBMODEL

Share of population of
productive age

rural -- K01 = 0.525, wurban--« 0.561

02
Share of migrants of productive age «

m 0.685

Parameters of the behavioral relation describing the migra-
tion rate as a function of the utilities ratio U2/Ué:

a = 5.25, d =1

“ All the values are based on data for the Bydgoskie voivodship, 1973.
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s R-U migration rate
0.043
T 0.020
- 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
' W
31.7 \\\\\\ L
B goal function
28.3 -0.060
x27.2
26.3
25
23.7
QZ urban production
120
19.8
17.8
15 2
~ 15.8
S total subsidies X 14.8
13.5 12°.5 11.6 1.3
D 1.1 11%
110 2 10.5 10.7 e
9.2 9.9
Y1 rural production
6.9
5.2
4.1
4.9 3.1 3.6 BO goal function
2.0
jiiﬂ____—_,_————ﬂr"’—_—’_
0.6 0.7 0.8 0.9 1.0 1.1 1.2 "1

Figure 6a. Optimal solution as a function of the W, parameter.
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107 z1

A~

B2 urban goal function

7.9 802 urban subsidies 8.8
6.0 6.2 <
6.9 >-8 - » 6.5
5.4 - il -
(5 " 3.6 5.7
S01 rural subsidies 5.1
4.6
3.4
0.6 0.8 1.0 1.2 W
Al + v L) T L " 1

Figure 6b. Optimal solution as a function of the W, parameter.
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Figure 7b. Model results as a function of S strategy.
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In the proposed linkage of models within the Notec project,
the parameters W, and w2 are of great importance. The parameters
are interpreted as the production efficiency of the rural and
urban economies, respectively. Subsidies on water system develop-
ment can be considered as stimulating an increase in production
efficiency. The optimal solution, which is dependent on Weo is
presented in Figures 6a and é6b. The model equations are analyzed
under conditions of an increase in W, from 0.52 (current state)
to 1.3. The efficiency of W, for urban production is equal to
1.5. The values of other parameters and exogenous variables are
presented in Table 3. Figure 3 shows changes in the optimal mi-
gration rate %, the goal functions % and %0, fhe fotal subsidies
3, and the rural anrd urban production values Y1, Y2, respectively.
The optimal migration rate § is equal to 0.113 in the current state
and decreases as W, increases. It is equal to 0 for w, = 1.1,

The total goal function B, defined as the sum of prqguction values
minus migration costs, decreases but goal function By, which takes
into account the value of subsidies, increases. If the W1 para-
meter increases, a less optimal value of subsidies is needed.

In Figure 6b, the %1 fnd %2 goal functions are presented as

well as the subsidies Sg1r Sgp- If in the current state, the
optimal division of subsidies for W, = 0.52 is 7.9 and 5.4 for

the urban and rural subregions, respectively, for Wy = 0.9 the

subsidies should be divided in equal parts.

Figures 7a and 7b show how the model results depend on the
R, player's strategy, namely, on the value of Skp- Sy, denotes
the urban subsidies on capital rent. The other strategies (SOT’
802, and Sk1)have been assumed constant and equal to the optimal
values. In Figure 7a, the B and B, goal functions, the urban
production value Yo the total urban per capita consumption 25,
and the migration rate s are presented. An increase of capital
rent S, , causes an increase of migration to the urban economy so

that an increasing rate of migration can be observed.

The optimal derived value of subsidies Skz is equal to ng =
5,760 million zloty. For S,, < S, 5 the constraint defined by
the linear relation of the urban production with respect to capi-
tal rent is active. For Sko 2 Sk2’ the production value is con-

strained by the linear relation with respect to the migration
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rate s, In Figure 7b, the rural goal function B4y, rural produc-
tion Y,, and total rural per capita consumption are presented

as well as gcal function B0 and migration cost C(s).

The results obtained lead us to propose a more complicated
second version of the model mentioned in the section 4.1. The
preliminary optimal solution obtained from the second version !
of the model is presented in Table 5.

5. CONCLUDING REMARKS

The first, simplified version of the IRUD system has been
set up and partially tested. The system is running on the PDP
11/45 computer under the UNIX time-sharing system and preliminary
results based on approximate data have been obtained. The sys-
tem enables the interactive change of model parameters and exo-
genous variables as well as the interactive introduction of de-

cision variables. It can be considered as a tool for game

playing among the regional, urban, and rural authorities. The
results obtained can be used on a basis for establishing a com-
puterized system for more advanced policy evaluation. It will
link the models being developed for the Notec project.
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Table 5. Preliminary results of the second version of the model.

initial values:

population Pl= 42¢3272. pP2= 553293,
Wl= 3,523 w2= 1.519

alfa?l= 9.352 alfad2= 3.68

alfall= 2.48 alfal2a 32.32

kappa= 3.542

wages omegal= 2457.0 zl/month

etadl1=3.852 etad2=3.350

etall=2,159 etal2=2,152

total rural consumption per capita Il= 15625.

coefficient a= 5.25%8
do you change the initial values ?,
(write please t(true) if yes or f(false) elsewhere)

optimal solution:

total subsidies S=12268.3 aln zl

subsidies 3Soi aln zl

rural 5638.229 urban 5581.140
subsidies 35ki mln 21

rural 4775.279 urban 4785.561
subsidies 3c¢i Tln 2l

rural 912.921 urkan 1794.58%
migration rate s= J3.2715

migration 4= 397213,

cost of migration c= 2324.2 mln zl

goal function 3 21829.2 mln 2zl

goal function 3o -5781.6 mln 2zl

goal functions 31

rural 12861.419 urktan 16749.463
~wages fund Yoi mln zl

rural 5173.218 urban 13169.317
production value Yi mln zl

rural 5173.218 arban 1858¢2.232
population 3degendent on migration Psi

rural 389937.125 urban 582012.875
employment dependent on migration Lsi

rural 175458.589 Jgcpan 260952.793
total consumption per capita Z in zl

rural 15686.022 urban 20626.999
consumption out of personal i1ncome Zoi

rural 13265.141 urktan 17532.916

aggregate consumgtion 211
rural 2349.902 urban 3294.044
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PART II

Models of Agriculture






SYSTEM OF MODELS FOR DEVELOPING
AGRICULTURAL PRODUCTION IN A
REGION (THE SILISTRA CASE STUDY)

G. Gavrilov
C. Milenkov

S. Stoykov
A, Kehayov
INTRODUCTION

This paper describes a system of models that can be applied
to the problem of developing agricultural production in a given
region, in this case Silistra. It summarizes our research on
the application of quantitative methods in the analysis of de-
velopment strategies for the Drastar agroindustrial complex.

We develop the ideas put forward in Carter et al. (1977) and
Gavrilov et al. (1979a) and lay the foundations for a broader
analysis of the problems resulting from the development of agri-
cultural production. At the same time, this study forms part of
the general research carried out within the framework of the de-

velopment program for the Silistra region.

Although the proposed system of models reflects the charac-
teristics of the Silistra region, it can be used to study other
regions in the country. Thus, it is a useful tool for develop-
ing an interactive procedure for researching and planning the
development of agriculture. For a general idea of the scope and

organization of the system of models, see Figure 1.

Individually, most of the models are optimizational in char-
acter, but the system as a whole runs as a simulation model. To

arrive at a practical solution, it combines two approaches--the
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Figure 1. Scope and organization of the proposed system of models.
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formal and the informal. Informal procedures allow experience

and intuition to be used in the evaluation of the results. The
overall solution is chosen after the results from all of the
models have been analyzed and compared. Only by using such an
approach is it possible to achieve a development plan that is

both feasible and socially acceptable. However, this approach

can create serious difficulties for the researcher, as we have
exverienced with the development of Drastar. These difficulties
are principally related to procedures for the exchange of informa-

tion between models and specialists.

A brief description of the models of the system follows.
This includes attempts to clarify the interrelations between the

models and the assumptions on which they are based.

THE LINEAR DYNAMIC MODEL OF AGRICULTURAL PRODUCTION

The linear dynamic optimization model of agricultural pro-
duction development occupies the central place in the proposed
system of models. This is not only because it was the first
model to be constructed but also because of its function--to
outline the possible strategies for the agricultural develop-
ment of the Silistra region. It has been developed for the con-
ditions of the agroindustrial complex Drastar, which manages the
arable land and most of the processing industry of Silistra. A
detailed account of the experience gained during the develop-
ment period is given in Gavrilov et al. (1979b) and Gavrilov et al.
(1980). The purvose of the model is to find both a production
structure for the complex and the means to achieve it, making
the most efficient use of the available land, and thus obtain-

ing the maximum net income from production.

The model simulates the development of regional agriculture
for a time horizon of 15 years. This is described by five 1-year
and five 2-year periods. Two conditions have been considered in
choosing the time horizon. It must be sufficiently long to allow
the results from investment to become evident and yet it must
not lead to a large increase in the model's size. Simulations
using this model in the Drastar complex show that it is possible
to carry out the analysis over a 20-year period maintaining the

same degree of detail.



-154~-

It is a lumped parameter model; i.e., it examines the develop-
ment of the region as one point in space. Such an aporoach allows
the size of the problem to be reduced; this is necessary because
the model, at its final stage of modification, includes approxi-
mately 910 constraints and 1,200 variables. Therefore, if we
examine 10 regions, the model will include more than 10,000 con-
straints and 15,000 variables. In the operation of such a large-
scale model, serious computational difficulties can occur as a
result of its clumsiness. The approach allows us to work with
parameters aggregated for the whole region and therefore to con-
struct an aggregated model. Thus, one of the disadvantages of
using a detailed, long-term model is avoided; i.e., the accumula-
tion of serious mistakes at the stage where the plan is finally
determined. It has been shown that aggregated models usually
provide more accurate predictions than nonaggregated models. The
most likely explanation for this is that the underestimates of
production for each subregion often cancel the overestimates
(and vice versa) to produce a more accurate prediction for the
whole region. The most essential assumption of the model is that
the region functions under given economic conditions. In the
most recent version of the model, a parameter representing irri-

gation is included.

Because of the need to develop a fodder production base, so
that only the minimum of animal-feed would have to be purchased,
the first block of the model represents crop growing. If x(t)

is a vector representing crops, crop growing in general is de-

scribed by
n
_21 Xi(t) = X(t) (1)
1=

and
3o (6) =X (1), (2)
1611

where
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X(t), X1(t) are respectively the total area of arable
land and the areas of this land that can be irri-

gated; and

I is the variety of crops cultivated in irrigated
areas (there are also a number of assumptions
about crop rotation, the dynamics of crop develop-
ment, and so on, but for the sake of brevity they

are not discussed here).

The annual development of the different breeds of livestock

is described in general terms by
U(t+1) = B(t)y(t) +# u(t), t=20,1,2,...,T-1 , (3)

where

y(t) is the vector representing various groups and

breeds of animals;

B(t) is the matrix of the passage of the animals from

one group to another every year; and
u(t) is the vector of animals purchased.

Constraint (3) is accompanied by different initial boundary con-

ditions.

The distribution of land between crop production for human

consumption, for forage, and for exports is

C(t)x(t) - Dy(t) + v(t) - v(t+1) + w' (£) - w2(t) - p(t) = 0,

(4)
where

C(t)x(t) is the vector of fodder production;

D is the matrix with elements reflecting the con-

sumption of different types of fodder;
v(t) 1is the vector of food stocks;

w (t),w (t) are, respectively, the vectors representing the
purchases and sales related to crop oroduction; and
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p(t) is the vector of the food consumption of the popu-

lation.

If F is a matrix of the various technologies used in live-
stock production and the vector z(t) represents the final pro-

ducts from stockbreeding, then
z(t) = Fy(t) . (5)

Certain constraints are used to reflect the necessary pro-
duction capacities (in terms of agricultural machinery, buildings,
and equipment for stockbreeding, processing plants for fodder,

meat and dairy products, storage).

The economic activities of the complex are represented by
constraints relating to the funds available for capital invest-
ment, their exhaustion, the means of financing the maintenance
of production, and the formation of the final economic results.

If we denote the net income of the complex during the year

t by J(t), the basic criterion used for evaluating each solution

to find the optimum is

1

=T J(t) » max - (6)

J =
t

e~3

1 (1-e)

To preserve the unity of the proposed models, the details of
the various versions of the linear dynamic model will not be

discussed.

LAND ALLOCATION MODEL FOR THE AGRICULTURAL PRODUCTION AND PRO-
CESSING INDUSTRIES

The second model of the system--the land allocation model
for regional agricultural production and processing industries--
is directly linked to and an extension of the linear dynamic model
of agricultural production development. In this paper, we dis-
cuss some of its basic characteristics and its function within
the framework of the model system. It is described in more de-
tail in these Proceedings in Gavrilov et al. "Modeling
Land Allocation for the Agricultural Production and Processing

Industries of the Silistra Region”.
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In contrast to the linear dynamic model, the model of land

allocation accounts for the spatial characteristics of the Silistra

region. The region is divided into several subregions (in the
Silistra project we plan to have 10), which are based on the
boundaries of existing settlement systems (Carter et al. 1977).
Thus, the purpose of the model is to determine which of the de-
velopment options prepared by the linear dynamic model should be

implemented in a subregion.

Every unit is characterized by its area of arable land, by
the number of suitable sites it has available for the construc-
tion of farms and processing plants, by its available labor re-
sources (number, level of education, possibilities for training
them to obtain new qualifications), by the level of development
of its technical infrastructure, and so on. All these features
are considered when the unit is being evaluated for development.

1

If x“(t) is a vector representing the varicus agricultural

crops in subregion j during year t, then

n . .
.21 x? (£) = X (0) , (7)
i=
I %3 (1) <xPey (8)
ier

,
m
I %1 (8) = x;(t) , i=2,...,n (9)
j:] .

where

xj(t) is the arable land available in subregion j;
X1j(t) is the land available for irrigation; and

xi(t) as in equation (1) is the area of land used for
cultivating crop i in the whole region.

If yl(t) is the vector representing the type of animals bred

in subregion j during year t, then
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y(t) . (10)

™~
=
.
rt
I

The land distributed between crop production and stockbreeding
for every region is given by constraints similar to equation (4).

The number and capacities of fodder processing plants and
the expenses related to the processing of fodder and its trans-
portation to and from the plants are determined in the model.

To calculate the total expenses incurred by regional fodder pro-
duction, the above costs should be added to the costs of the
other agricultural production activities. L(t) represents total
expenses in a given period, and the criterion used for evalua-

ting the effectiveness of the solutions is

L(t) - min - (11)

As previously mentioned in the model, the region is divided
into several subregions. As a result, there is a danger of a
corresponding increase in the size of the model. However, this
is avoided by using a recursive rather than a dynamic approach
to problem solution. To avoid the reqular distribution of a
small volume of production among regions during the first years
of the period under analysis and the unremunerative distribution

of the rapidly increasing production during the later years, the

solution is made taking a negative step (one step) in time begin-
ning from the last year of the time horizon {i.e., the fifteenth

year). An algorithm that formulates the constraints for the next
step on the basis of the results from the preceding one has been

constructed. '

DATA PREPARATION MODELS

The linear dynamic model of agricultural production and the
land allocation model assume that highly developed technologies
are used for crop growing, stockbreeding, and forage and food pro-
cessing. It is necessary to include parameters for many techno-
logies since the choice between alternative development strate-
gies is made within these models. The former model requires
averaged indicators for the region as a whole and the latter re-

gquires indicators for each subregion.
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Data preparation models are therefore included in the model
system to provide the technological and economic data for the two
models. These data preparation models consist of a combination of
specialized models of the various technologies, which are divided
into two main classes--crop growing and stockbreeding. They are
essentially simulation models that have an optimizational capa-
bility, and they function interactively. The results from these
models must have a certain order and format for input into the

linear dynamic¢ and land allocation models.

Models of crop-growing technologies should be developed for
the basic crops of a region, such as maize, barley, wheat, soy-
beans, sunflowers; it would also be useful to have such models
for some secondary crops, such as tobacco, hemp, beans. The

models will consist of two parts:

- - submodels of separate crops; and
- - submodels of various technologies (for a given series of
operations and activities over time, require certain

types of machinery, equipment, and resources).
The submodels may function together or independently.

The main function of these optimization submodels is to pro-
vide results on which the choice of the most suitable hybrid
or variety of a certain crop may be based. The submodels of crop

growing require the data on

- - natural and climatic conditions, such as soil type, aver-
age weekly temperatures for day and night, humidity, rain-
fall, winds, sunshine, possibilities for installing irri-

gation systems; and

- - the hybrids or varieties available, the soil and climatic
conditions and technology they require, and the producti-

vity that can be expected from them.

The hybrid is chosen according to the modeling objective, for
example, maximal output, minimal loading over a given period, or
high resilience. The constraints on the choice must also be speci-

fied, for example, scarcity of resources, labor use, irrigation

requirements, harvesting time.
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The submodels of technologies should be interactive simula-
tion models, whose results will be used for the construction of
various types of technologies. These submodels will require data

on

-- a given hybrid or variety, including its yield possibili-
ties;

-- machinery systems and the possibilities for combining

them;

-- normatives for resource use (i.e., certain regulations
set by the authorities), including the possi-

bilities for substituting one resource for another; and
-- resource scarcities at certain times.

With a given value for the n-1th parameter (if a technology is
characterized by n parameters), this submodel should allow
parameter n to be calculated under all téchnological conditions.

In contrast to the data preparation models of crop-growing
technologies, all of which have a similar structure, the stock-
breeding models describe each subbranch in detail. The differ-
ences between the subbranches occur mainly in relation to the
dynamics of herd development and the level of their aggregation.

It has been necessary to construct the models of stockbreeding
technology in this way because the commodity dynamics of agricul-
tural land allocation and development greatly increases the dimen-
Sions of the models, making them difficult to solve. Neverthe-
less, it is necessary to include some detail in order to be able
to determine the possibilities for exchanging components of animal-
feed rations. This may require some nonlinear relationships to be
included in linear models, thus creating additional difficulties.
The principal parameters in this type of model are

-- productivity (meat, milk, wool);
-- possible systems of machines, equipment; and

-- available resources (labor, natural, financial).
The model should determine

~— the various combinations of animal-feed components;
-— economic characteristics and indicators;
— necessary additional expenses; and

-— natural indicators, such as volumes of production.
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The main part of the model consists of a description of
animal-feed rations for the various livestock types. The use of
alternative combinations of feed components is simulated under
conditions of different productivity levels. The nutritional re-
quirements may be specified exogenously or the structure of the
ration may be fixed within given limits. If optimization of the

feed ration is required, the following criteria can be used:

== minimum of fodder; or

-~- minimal use of other resources for given levels of output.

It would be useful to examine the possibilities for interaction

between two or more models describing different types of animals.

MODEL FOR OPTIMIZING THE STRUCTURE OF THE PROCESSING INDUSTRY

The results of the linear dynamic models of agricultural pro-
duction development determine the production structure of the
agriculture of the complex, but not of the processing industry.
The complex's final products are sold on both the internal and the
international market. Since there are considerable fluctuations
in the prices of meat and dairy products on the international mar-
ket, it is necessary to optimize the production structures of

meat and milk processing enterprises several times annually.

Optimization of the production structure of the milk, meat,
and vegetable and fruit processing industries is required to de-
termine the economic indicators of these enterprises more exactly.
In the model for optimizing the production structure of the complex,
the indicators are highly aggregated and are based on data taken

from a given enterprise with a fixed production structure.
This mathematical model includes the following elements,

-- The production capacities of the enterprises are known
(annual optimization allows the capacities of some sub-
divisions to be increased at expense of others; this will

be dealt with more thoroughly in the following section).

-- The number of animals of various breeds in each group,

and hence the volume of meat production in the

enterprises during the period under analysis, is known.
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-=- The volume of goods produced is related to the varieties

specified in trade agreements both at home and abroad.

-- The composition of every type of product is determined
according to national and international standards.

- - Labor and other resources required for meat processing
are not considered as constraints but are calculated within
the model.

-~ For every type of meat, several cuts, to be processed in

two or three ways, are specified.

The results of the model should indicate the type and volume of
products that have to be produced in order to obtain the maximum
net income from sales in accordance with international prices.
Because of certain differences in the conditions of sale on various
markets (e.g., EEC, Middle East), the products for these markets
differ both in type and composition as well as in price. The
objective function that accounts for this is

J = a(bz+cy) + a, dz1 -M-~-T , 12)

where
a 1is a coefficient for changing the currency from one market
into a currency accepted in another market;

a is a coefficient for changing leva into the required for-

eign currency:;

b 1is a vector representing the price of 1 ton of meat of a

given cut and processed in a given way;

¢ 1is a vector representing tne Pprice of one animal;

d 1is a vector representing the prices on the internal market
(in which auxiliary costs relating to the sale are in-

cluded, e.g., for transportation, storage, handling);

z 1is the volume of meat of a given cut processed in a given

way that is sold on various markets;
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z4 is the volume of meat sold on the internal market;

y 1s the number of animals of a given type sold on a given
market;

M are the expenses of materials for the processing industry;

and

T are the expenses of labor required for the processing in-

dustry.

There are four major groups of constraints in this model.

They are given below. The volume of meat processed depends on

the capacity of the enterprise. So if we denote the vector repre-
senting the annual operational time of the various production lines
by S, the matrix representing the processing and production of
certain types of meat for the international market by A, and the
matrix representing the production of certain types of meat for

the internal market by A,, then

Az + Ay 2, =S . (13)

It is assumed that the number of groups of specialized workers

corresponds to the number of sections in the production process.

On this basis, a group of labor resource constraints is constructed
to calculate the labor required for the production process. The
volume of raw materials is calculated from a group of constraints
that is disaggregated according to the type of raw materials and
the purpose for which it is used. A third group of constraints

represents the number of animals to be sold or slaughtered (the

numbers are taken from the linear dynamic model). These con-
straints account for the relation between the number of animals
that are bred and the volume of final production that can be ex-
pected (see Figure 2). The fourth group of constraints is rela-

ted to the material and labor costs for processing. The models

for optimizing the production structure in the other processing
industries contain similar constraints, assumptions, and objective

functions.
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. additional
livestock slaughter batching processing

MARKETS

Figure 2. The links between livestock raising
and output of livestock products.

OPTIMIZATION MODEL FOR ANNUAL PLANNING IN THE COMPLEX

The model for optimizing the production structure of the com-
plex in a given year is directly linked to all the models described
above, with the exception of the data preparation models (see
Figure 1). 1Its purpose is to tailor the results of the linear
dynamic model for optimizing the production structure over a
number of years to meet the requirements of the annual plan for

the given year.

As a result of changes in some conditions during the running
of the linear dynamic model, there are changes in the production
structure and volume of this model. The prices of the raw mater-
ials purchased by the complex and the agricultural goods produced
are affected accordingly.

This alters the initial position from which the complex un-
dertakes production activities during a given year. Taking into
account the level of the previous year's production and the princi-
pal changes in the production structure as determined by the linear
dynamic model, the model for optimizing the production structure
for the next l-year period is formulated. This model is similar
to the linear dynamic model in form (every block corresponds
to one vear) and in its internal structure (it contains submodels

for crop growing, stockbreeding, and so on).
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MANAGEMENT MODEL SYSTEM >

The most detailed results from all the models are input into
the group of models for short-term management (planning). These
are postoptimizational models, which are more helpful for agricul-
tural planning than more aggregated models. This system includes
models for optimizing tractor stocks, animal-feed, and the trans-

portation network.

LINKAGE OF THE MODELS

Additional software has been developed to link the models and

to transform this model system into a tool for the decision maker.
The software will

~- reorganize the output of one model for input into the other
models of the system; and

== process the results of these models to give the results

a more convenient format.

In addition, the software will be used to integrate the models
with the data base. 1Its development has been necessary for three

reasons, which are explained below.

The need to reduce the size of each model should lead to eli-
mination of all links of secondary importance. However, the speci-
alists, in analyzing the solutions, require detailed information
about the characteristics of certain cases. A compromise on the
degree of detail to be included in the model may, therefore, have

to be worked out.

The standard form in which results are obtained from the com-
puter could be inconvenient or of no value to the decision maker.
Therefore, these results have to be transformed into a suitable
form--—tabular, textual, graphic. The information may be processed
so that it can be presented in different ways to coincide with the

professional interests of the user.

If a variety of time periods are used, each indicator must
be aggregated and disaggregated. Here we have the problem of

choosing the method of approximate aggregation and disaggregation.
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CONCLUSIONS

Although in its final form, the system of models will be a
useful tool for the planning and management of agricultural pro-
duction in the Silistra region, it cannot solve all the problems.
In defining the development strategy for agricultural production,
it is assumed that the general direction of the development of re-
gional production is predetermined, since the management hierarchy
predetermines specialization within each region. However, beyond
the scope of the proposed system of models to solve the problems
of specialization within the region, although some advice about

this problem can be offered.

In modeling the development of agricultural production at a
national level, the potential of the system may be revealed. This
would allow for an optimal structure to be found for the agricul-
tural production and processing industries over a long period.
Without such a modeling activity, it may be possible to determine
agricultural specialization in different regions using informal
procedures. A future task will be to search for a way to link
modeling of agricultural production development on a national and

a regional level.
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MODELING LAND ALLOCATION FOR THE AGRI-
CULTURAL PRODUCTION AND PROCESSING
INDUSTRIES OF THE SILISTRA REGION

G. Gavrilov
S. Stoykov
C. Milenkov

The model presented in this paper forms part of a system
of models designed to help solve problems of regional agricultural
development, especially in relation to the Silistra region in
Bulgaria. Its purpose is to determine the most effective land
allocation for the agricultural production and processing in-
dustries of a region. These activities comprise crop production,
stockbreeding, the forage and meat and milk processing industries,

and the fruit and vegetable canning industries.

The volume of production from these industries is assumed
to be prescribed by the long-term regional agricultural production
plan (Gavrilov et al. 1979). The current costs of production,
transportation, and related capital investment should be kept to
a minimum by the most efficient use of the resources of each sub-
region (the region is divided into 10 subregions for the purpose
of the analysis). Land allocation is not planned for one year
only but for the period of the development program.

The model, as a tool for analysis and planning, can provide
insight into evaluating procedures for model development. It
is solved recursively with a negative step in time starting from
the final year of the analysis discussed in Gavrilov et al.
“"Systems of Models for Developing Agricultural Production in a

Region”, included in these Proceedings. There are several
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reasons for taking this approach? the most important being

that, for a dynamic model, there could be serious computational
difficulties if the number of subregions considered is too large
and the time horizon (say 15-20 years) is too long. This recur-
sive procedure avoids the occurrence of inconsistencies in the
solution. For example, it can be used to find the best location
for production at the most developed stage of operation of the
agrarian complex and to determine the ways of achieving this

location.

As has been mentioned previously, the land allocation model
has been developed within the framework of the development pro-
gram for the Silistra region. Therefore, the first quantitative
results of this model will be implemented in the agroindustrial
complex "Drastar", which manages the arable land of the region.
Most of the general conditions relating to the linear dynamic
model maintain their validity for this model (Gavrilov et al.
1979). The linear dynamic model and its relations to the other

regional development models in the system are briefly discussed

in these Proceedings in Gavrilov et al., "System of Models for
Developing the Agricultural Production of a Region”. Some of
the most important general conditions specified in the model

are mentioned below.

1. The region is divided into K subregions and each is in-
dicated by k. The subregions are differentiated ac-
cording to two criteria: the spatial characteristics
of the land (i.e., soil, climate, geography) and the
administrative and economic unit. Differentiation
based on the first criterion leads to narrow speciali-
zation within each subregion. The second allows the
model to be used to aid the planning and management

process.

Since the model will be implemented for the Silistra
region, where the spatial conditions are relatively uni-
form, the first approach does not play a significant
role. However, the second is most important. The human
settlement is the basic subregional unit and, for the

purpose of the case study, we take 10 subregions, each
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corresponding to existing settlements. The land alloca-
tion model can be used to clarify problems related to

the formation of human settlements.

Within each subregion, it is possible to grow a variety

of crops; for Silistra these are described in Gavrilov

et al. (1979). Although variations in the soil quality
are not specified in the model, the general soil, clima-
tic, and geographical conditions must be given. The

crops most appropriate to the conditions of each subregion
can then be chosen; for example, hemp must be placed in
areas near the Danube -- its cultivation would be impos-
sible in the interior of the region. Other crops are
subject to similar types of constraints.

It is assumed that technologies will be developed for
growing various types of crops under specific conditions.
The yields and their related costs will differ according
to the technology used and also according to the soil,

climatic, and geographical conditions.

Fruit and vegetable growing is specified exogenously by
subregions and years. The resources required for this

production (capital investment, machinery, labor, etc.)
are also specified exogenously without being optimized.

The constraints on the development of stockbreeding in
the regions relate to geographical features (e.g., rug-
ged terrain is more suitable for sheep than cattle), to
the availability of certain resources not specified in
the model, to the gqualifications and customs of the
population, and to ecological considerations. Thus, the
most suitable type of stockbreeding is determined for

every subregion.

The production capacities for the stockbreeding industry
are specified exogenously by years and subregions. The

lifespan of the machinery is also specified exogenously.

A location has to fulfill many criteria in order to be
considered suitable for stockbreeding facilities. For
our case, it is assumed that there are several suitable

locations available for a variety of agricultural
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activities. Every location is characterized in the model
by factors such as the capital required for its develop-

ment and size.

8. The volume of water required for irrigation is not de-
rived from the model. It is prescribéd exogenously by
subregions and years. The model determines the size and
location of the area to be irrigated and the net cost of

the water required.

9. The location of factories for processing concentrated
fodder is determined exogenously. It should be noted

that sunflower and soybean processing is not carried
out within the Silistra region.

10. The volume of vrocessed fodder production is determined
by the model. Each subregion processes the fddder
it requires. Deliveries between subregions areé only

carried out for unprocessed fodder.

11. It is assumed that there are sufficient labor resources
for agriculture at every point in all subregions, but
the structure of the labor force must be solved in the

model.

12, Given certain constraints, it is assumed that labor can

be temporarily transferred from one subregion to another.

13. At peak periods (mainly during harvesting) part-time
workers from other sectors can be hired to supplement
the agricultural labor force. Unskilled workers
are chosen for this seasonal work so that the increased

labor costs can be kept to a ainimum.

14. The costs represented in the model include not only the
production costs of fodder but also transporation costs
and related capital investment. Capital investment de-
pends on the date of redemption, the volume of output,
and additional capital investment. This last factor is
dependent on the features of the location with respect
to auxiliary facilities such as water supply and elec-

tricity installation.

The constraints included in the land allocation model are

given below.
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For the land by subregions:

t4 1 2
i£1 i + X)) = X, k=1,2,.k (1)
° 1 1
.z Xip < Xpo k=1,2,...,kK (2)
i=1
where
x;k is the area of irrigated land occupied by crop i
in subregion k;
xik is the area of nonirrigated land occupied by crop i

in subregion k;

Xy is the total area of arable land in subregion k;

and

Xy is the total area of irrigated land in subregion k.

For crop rotation by subregions:

n
1 LI -
E z xlk - z xik—o' k— 1121 'IKI (3)
1€I1 1612
I %, -B ] x; <0, k=1,2,..,K, (4)
ie1, i1, -

where

I1, 12 are crops cultivated by hoeing and crops not

cultivated by hoeing, respectively; and

o
ot

are the lower and upper limits of ratios of

mixed crops cultivated by hoeing to achieve
effective crop rotation (many of the previous
studies assume that b = 0.2 and b = 0.8, although
the values of the parameters are still subject

to discussion).

The following constraints are introduced for rotating sunflowers

with other crops:



2

5(x  +x° ) <X, k=1,2,...,K, (5)
i*k  i*k

5x7 < X kK = 1,2 k (6
. k'’ réreso Kk, )

where

i* is the area used for sunflower growing.

For regional crop specialization:

1 By 1 .
0.8 A; < Y Xip < 1.2 A4, i=1,2,...,n, (7)
k=1
K
2 2 2 .
0.8 Ay <] xj, <1.2a}, i=12...,n, (8)

where

Al, Ai are the volumes of irrigated and ronirrigated crops,

respectively, planned for crop i for a given region
(these quantities are obtained from the solution

of the linear dynamic model).

For subregional stockbreeding specialization:

K . . . .
L yIPN = v, g =20, 50 = 12,0008
p(j) = 112!'°°1le (9)
Y357k S Bs(3ykr for 3. p(3), s(3), Ky (10)
ys(])k —‘—'S(])k’ or 3. p(J)r S(J)r k, (11)
where
yjp(j) is the number of livestock of t j y
s(j)k ype Jj, group s(3j),

breed p(j), raised in subregion k (livestock type re-
fers to sheep, pigs, poultry, etc.; group refers to
specialization within type j, for example, for cattle:
cows, heifers;
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Yé?é?i is the number of livestock of type j, group s(j),
breed p(j) to be raised on a given area in subregion
k (the numbers are taken from the linear dynamic model
solution for all years of the period under analysis;
B%?é?i are the constraints related to the different types,
groups, and breeds of livestock by regions; and
Eg?é?i is the number of stockbreedihg facilities available :

For the nutritional requirements of the livestock and the

for a given group of animals.

J j .
1r 2r 2 _ ip(3) ip(3) -r
i Xjp *ajy Xix 7L ) ) Ps(3)ik Ys(3)k ~ Fik
=1 s(3)=1 p(j)=1
K K
-1 YY) F - z% =0, i=1,2 n k=1,2
X . Feses = .o ,K (12)
k=1 TKKp o gaq Tikgk Tk e
k1#k k1#k
r=1,2,...,Ri,
where
ali is the volume of fodder of type r obtained from crop
i in subregion k on 1 decare of irrigated land;
2r . .
aiy is the volume of fodder of type r obtained from
crop 1 in subregion k on 1 decare of nonirrigated
land;
bi?é?ii is the volume of fodder of type r obtained from
crop i, consumed by animal type j, group s(j),
breed p(j) in subregion k;
e
ik is the volume of fodder of type r sold outside the
region under analysis;
iik Kk is the volume of fodder of type r obtained from crop
1

i, sold by subregion k1 to subregion k; and
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Zik is the stock of fodder of tvve r.

In addition to constraint (11), other constraints are also

valid for some of the variébles in the model:

K
-r o :

k; X{), 2X{, 1=1,2,...,n r=1,2,...,R, (13)

K -r r

k£1 Z{, = Zi» i=1,2,...,n r= 1,2,.5.,Ri, (14)

Xt Zi are determined by the linear dyvnamic model and repre-
sent the volumes of fodder of type r for sale and for

stock, respectively.

The volume of concentrated fodder transported (d) to fac-.

tory 1 for processing including transportation costs can be ex-

pressed as

afy = air Xix * A1k Xix - Xik © Zig T € 101, (15)
diy = E afyr (16)
1=1
where
[Q] 1is the set of concentrated fodder.
If
SIS (R~ 1 I Y

Jj=1 s(3)=1 p(j)=1
(17)

is the volume of concentrated fodder of type r, consumed by the

livestock in subregion k, then cii represents the corresponding

volume that should be produced in factory 1.
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; r
If we introduce the variable e, '
1kk1

K K
r r =r
e’ = z X . - z X. (18)
1kk1 k1=1 1k1k k1=1 1k1k,
k1#k k1#k

that is nonnegative when the corresponding quantity of fodder is
transported to the subregion and negative when the same quantity

of fodder is taken out, then taking into account (15), (16), (17), and
(18), equation (12) can be expressed as '

r r r

dix = Cix * ®ikk. ~ 2- (19)

1

For the processing capacities for concentrated fodder:

K n Ri L rl L
Il 1T Y djg - 1w =0, (20)
k=1 i=1 r=1 1=1 1=1
where
w1 is the capacity of factory 1l; and

L is the number of factories.

For the labor resources required:

J P.

n S. . . . R
14! 2 2 j j ip(3) _jp(3)
Y (h,, X;, + hi, x:, ) + 7} ) ) h-bl:) yob.
i=1 ik ik ik ik 521 s(3)=1 p(3)=1 s(j)k Ts(jrk
L K
1_2_:1 hlwl + Kk _E_: hkk1 - hk _<_ Hkl k = 1[21- K, (21)
= .=
k  #k
Py, < Hyg o (22)

where
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hlk, hik are the labor resources required for the cultiva-
tion of 1 decare of crops;

hg?é?i are the labor resources required for stockbreeding;

h1 are the labor resources required for processed
fodder production; ‘

hkk are the labor resources that can be transferred tempo-

1 . . . .

rarily to subregion k from subregion k,; and vice
versa;

hk is the labor that can be transferred from industry
to agriculture within the subregion; and

Hk are the total labor resources of the subregion re-

quired to carry out farming dctivities.

Constraint (21) refers to peak periods of activity during the year.

The objective function is expressed as

IS S SN NS N S S S T I
0 = (£;, %5 + £33 Xx5.) +
k . 23
=1 k=1 HROK Lk k=1 3=1 s(3)=1 p(J)=1 (23)
p(3) , SIp(3)y 3p(3) _ SIp(3) zimp(3)
CESG)x * 9590k Y53k ™ 95(3)k Bs(i)ik) *
K n R, L K K n R, '
i rl 1 - =
D S S P i TR H = S NS N
k=1 i=1 r=1 1=1 k=1 k,=1 i=1 r=1 1
re [K]
(x} i L} )
X + X ) + s + (f, + g;) w
ik k ik k kS k=1 KK, hkk1 12, L 1’ "
k,#k
K
+ LSy by,



where

1 .2
fikrfik
gIP(3)

s(3)k
£

ip (3)
Is(§)k
rl -rl
Sik’Sik

r
Sikk1
S

kk ,

Sk
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are the reduced production costs per decare for

crop i;

are the production costs for livestock;

are the production costs for the fodder industry;

is the reduced additional capital investment for con-
structing cattle-breeding and processing facilities
for the fodder industry;

are the costs for transporting concentrated fodder
from subregion k to factory 1 for processing and
from factory 1 to subregion k to subregion k1 for

consumption, respectively;

are the costs for transporting a given amount of

fodder from subregion k to subregion k1;

are the costs for transporting labor from subregion
k to subregion k1; and

are the costs related to the hiring of temporary

labor from other subregions.

The problem is to find out:

0 - min,

taking into account constraints (1) -

contains approximately 550 constraints and 600 variables.

remain.

(22) . At present, the model

Some

information problems relating to the technological indicators still

As has already been mentioned, the model will be implemented

in the Silistra region.
gram of the implementation process.
represents an important stage in the development of the model sys-

Figure 1 presents a general block dia-
The development of this model

By linking the linear dynamic model (the first model to be
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developed ) to the land allocation model, it will be possible to
fulfill some of the requirements of regional management and plan-
ning.
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Volumes of
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Figure 1. Implementation of the land allocation model.
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IMPLEMENTATION OF THE GENERALIZED
REGIONAL AGRICULTURE MODEL (GRAM)
FOR THE UPPER NOTEC REGION

M. Albegov

J. Kacprzyk
J. Owsinski
A. Straszak

INTRODUCTION

The implementation of the Generalized Regional Agriculture
Model (GRAM) 1s discussed in this paper. The first version of GRAM
was developed in 1978 and, at that stage, the possibility of imple-
menting the solutions for the Upper Notec region case study was
considered. A thorough analysis of GRAM indicated that the model
is an excellent tool with which to obtain much valuable informa-
tion about issues of importance to regional and subregional authori-
ties. Modifications were proposed in order to adapt the model to
the economic and agricultural conditions specific to the Upper
Notec region,while maintaining its generality; these were in-
corporated into the basic version of GRAM (Albegov 1979),
which has finally been implemented.

The paper consists of four main sections. First some gen-
eral considerations about the role of GRAM and its links with
the other models of the Upper Notec region are discussed. The
implemented version of GRAM is then briefly described and basic
data and results are presented. The final section contains some

concluding remarks about the future development of the model.
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THE ROLE OF THE MODEL

The model is primarily intended to determine regional agri-
cultural specialization, i.e., the structure of crop and live-
stock production in disaggregated form (distributed among sub-
regions, sectors, land qualities, technologies, etc.). In addi-
tion, basic financial and resource flows are assessed. The model
operates under specified natural conditions and a given agricul-
tural policy. This policy, which may be considered at the sub-
regional and regional level, determines some prices (mainly on
the internal state market) and the distribution of resources such
as capital investment, fertilizers, and water. It is important
to note that the policy-making structure is explicitly represented

in the model, mainly in the subregional structure.

An in-depth analysis of the impact of a given agricultural
policy may principally be made for a short (say,one-year) planning
horizon. For analysis over the long-term (say, 5 years) the fluc-
tuations of important coefficients, such as prices on domestic

and world markets, make use of this model less preferable.

The model can also reveal the points in which there are cri-
tical resource needs; e.g., it may indicate a water supply system

to which additional water flows should be directed.

Application of the model can extend beyond the regional
level to the national level, with a division of the country into
regions. Thus, both regional and national agricultural speciali-

zation may be determined.

LINKAGE OF GRAM TO THE OTHER MODELS OF THE UPPER NOTEC REGION

The place of GRAM in a system of general models for regional
development is described in detail by Albegov (1979); hence, it
is not mentioned here. However, since the models developed for
particular regions may differ to some extent from the general
scheme, we briefly show how GRAM is linked to the other models
developed for the Upper Notec case study.

The main links between GRAM and the other models of the system
are shown in Figure 1 (the other models are described in these
Proceedings). However, the functions of GRAM and the models de-

veloped by Podkaminer et al. and Makowski to some extent overlap.



-184=

. (sbuTpo900l1d ©S8y3 UT POpPNTOUT oI PISSNOSTP SI° STIPOU ISY30 353Y3
yotym ut saaded) COﬁmwuﬂomuoz,uwmmD oy3 JO STopOW ISUIO OUI PUB WVYD USIM3IIQ SHUTT uTew suL "l 2anbtd

—

(T)smoany pue oxzsnyey) TddOW M NVY d ¥Yv&LvYd

T

IN3onils }003s
-oATT pue doxd
sat31okded
Temeapyztm

(‘Ie 239 wnequajnon)
TIAOW NOILNAIYL

-SId doYN0osdy
YALYM "NOILVvIEJO

wIoj pajebsab
( TSMOXBR) -bestp ur uorjebriar pue

TIAOW NOISNVJ oan3oniys doad yTewt3do

FXd WALSAS YALVM
PP I93em JO S3S0O \
(‘Te 30 pue sjunowy L . .
IauTWepod) (suxe3 o3e3s) (" 1e 39 aobaqry)
TIAOW NOILONAOH WY dDd
4OV HOLOAS-ALVLS sanjonijsoadew TeanlTnotabe Teuotbay
I

v

(Snay pue TYSMOYTTNN)
TIAOW WALSAS LNAWAOTINAQ |
NVEIN-TVENY FATLOVIALNI K—




DESCRIPTION OF GRAM
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The model description presented in this section includes

definitions of:

constraints,

Indices

and objective functions.

the indices, coefficients, decision variables,

The values and meanings of the indices used in the model

for the Upper Notec case study are given below.

o is type of land differentiated according to soil quality (ferti-

lity):

R R R KR
]

1 -- weak (W),

2 -- medium minus (M),
3 ~- medium plus (P),
4 -- good (G):

f is type of fertilizer used:

i is crop type:

S
I

w is the
I =11,

- H H
[ | B

1 -- nitrate (N), f = 3 -- potassium (K),
2 -- phosphate (PL f = 4 -- calcium (Ca);
1 -- wheat, i =7 -- potatoes,
2 -- rye, i =8 -- maize,
3 -- barley, i =9 -- carrots & forage beets,
4 -- oats, i = 10-- beans, etc.,
5 ~-- other grains, i=11-- <clover, etc.,
6 —-- sugar beet, i= 12-- flax, etc.,
i = 13 -- meadows and pastures;

index of crop-rotation group I“ for the above set of crops,

2,...,19}:

{1,2,5},
{3,4,12},
(7,8},

il

{6,11},
{9,101},
{13};
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i is the second crop, the best (or only) successor of the

first crop 1i.

is livestock type:

j =1 == cattle (milk), j = 4 -- pigs,
j = 2 -~ cattle (beef), j = 5 -- horses,
j =3 -— sows, j = 6 == sheep,

j = 7 == poultry;

is livestock-breeding specialization for meat, wool, leather,

eggs, etc.): it is assumed initially that k = 1;

is type of market on which a particular commodity is sold (pur-
chased) :

1l = 1 -- internal state market,
l = 2 -- internal private market,
1l = 3 -- external (export) market;

is livestock product type:
m = 1 -- meat, m= 3 -- milk,
m= 2 -- leather, m= 4 -— eggs,
m =5 -- wool;

are feed components:

n =1 -- nutrition units, n = 6 -- preserved forage,
n = 2 -- proteins, n = 7 -- grains stalks,
n =3 -- dry mass, n = 8 -- starchy roots,
n = 4 -- green mass, n =9 -- potatoes,
n =5-- hay, n = 10-- other crops,
n =11 -- milk;

is type of property ownership

p=1-- state farm,
p = 2 -— collective farm,
p = 3 -- private farm;

is type of crop-production technology:

s = 1 -- relatively efficient current technology (P),

s = 2.-- modern, highly efficient technology with high ferti-
lizer use without irrigation (F),

s = 3 — modern, highly efficient technology with high ferti-

lizer use with irrigation (R):
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s' is type of livestock-and poultry-breeding technology: in the

study, sa = 1;

r is the subregion corresponding to an administrative (voivodship)

or soil quality division:

r = 1 -- Bydgoszcz (B)
= 2 -- Wkoctawek (W)
= 3 -- Konin (K):

Coefficients

The following coefficients are included:

“fiprsa

[+14

fik
b.
iprsa

bjkprs'

C.
iprsa

ciprsa

cjkprs'

diprsa

[oP3

iprsa

is fertilizer required to produce one unit of crop
i on land a on property p in subregion r, using technology

S

is manure obtained from one unit of livestock j of spe-

cialization k, expressed in units of fertilizer f£;

is labor required to produce one unit of crop i on land
a on property p in subregion r, using technology s;

is labor required to produce one unit of livestock j of
specialization k on property p in subregion r, using

technology s';

is capital investment required to produce one unit of
crop i on land a on property p in subregion r, using

technology s;

is additional capital investment required to produce
one unit of crop i on land a on property p in subregion

r, when technology s is used for land improvement;

is capital investment required to produce one unit of
livestock j of specialization k on property p in sub-

region r, using technology s';

is annual water supply required to produce one unit of
crop i1 on land a on property p in subregion r using

technology s;
is water demand at peak periods to produce one unit of
crop i on land a on property p in subregion r, using

technology s;



djkprs'
jkprs'

iprso

max
fnjk
fmin

njk
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iprsa
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is annual water supply required to produce one unit of
livestock j on property p in subregion r, using techno-

logy s';

is water demand at peak periods to produce one unit of
livestock j of specialization k on property p in sub-
region r, using technology s';

is machinery required to produce one unit of crop i on

land o on property p in subregion r, using technology s;
are maximum and minimum demands for feed component n
to produce one unit of livestock j of specialization k;

is content of feed component n required to produce one

unit of crop i;

is content of feed component n required to produce one

unit of livestock product m;

is output of livestock product m per unit of livestock
j of specialization k bred on property p, using technology

s';
is number of nutrition units in one unit of crop i;

is number of nutrition units in one unit of livestock
product m obtained from livestock j of specialization
k;

is average yield of crop i on property p in subregion r
from one unit of land a, using technology s;

is average yield of second crop i on property p in sub-

region r from one unit of land o,using technology s;
is maximum amount of labor available in the whole region;

is maximum amount of labor available on property p in

subregion r;

is total amount of external and internal capital invest-

ment available in the whole region;

is total amount of external and internal capital invest-

ment available on property p in subregion r;
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is maximum annual water supply available for the whole

region;

is maximum water supply available at peak periods for

the whole region;

is maximum annual water supply available on property

p in subregion r;

is maximum water supply available at peak periods on

property p in subregion r;
is maximum machinery available in the whole region;

are minimum and maximum consumption levels of crop i in

the whole region;

are minimum and maximum consumption levels of livestock

product m in the whole region;

are minimum and maximum production of crop i on property

p in subregion r;

is maximum volume of fertilizer f available in the

whole region;

is maximum volume of fertilizer f available on property

P in subregion r;

is maximum volume of purchase of crop i on market 1 for

livestock consumption;

is maximum volume of purchase of crop i on market 1 for

human consumption;

is maximum volume of external purchases of livestock pro-

duct m on market 1 for human consumption;

is sale limitation of crop i on market 1;
is sale limitation of livestock product m on market 1;

are maximum and minimum areas of land that, in accordance
with crop rotation, could be used for growing crops of

group w on property p in subregion r;
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are minimum and maximum areas of useable land o on prop-

erty p in subregion r;

are minimum and maximum areas of land a on property p -

in subregion r that can be improved with the use of
technology s (irrigated, drained, etc.);

is area of meadows and pastures on property p in sub-

region r;

is maximum possible arable land use on property p in

subregion r;
is minimum and maximum possible production of livestock

j on property p in subregion r;
is unit price of home-produced crop i on market 1;

is unit price of home-produced livestock product m on
market 1;

is unit price on crop i purchased for forage on market
1;

is unit price of crop i purchased for human consumption

on market 1;

is unit price of livestock product m purchased for human
consumption on market 1;

i3z prcduction cost of one unit of crop i on land o on
property p in subregion r,using technology s;

is maintenance cost for one unit of livestock j of
specialization k on property p in subregion r, using

technology s' (excluding feeding costs);

is minimum wage on property p.
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Decision Variables

The model contains the following decision variables.

Piprl is purchase of crop i for forage on market 1 by property
p in subregion r;

Qiprl is purchase of crop i for human consumption on market 1
by property p in subregion r;

Qmprl is purchase of livestock product m for human consumption
on market 1 by property p in subregion r;

Riprl is sale of crop i on market 1 by property p in subregion
r;

Rmprl is sale of livestock product m on market 1 by property
P in subregion r;

Wipr is consumption of crop i on property p in subregion r;

mer is human consumption of livestock product m on property
P in subregion r;

xiprsa is volume of first harvest of crop i on land a on property
p in subregion r, using technology s:;

Xjkprs' is number of livestock j of specialization k on property
P in subregion r, using technology s';

Yiprsa is volume of second harvest of crop i on land o on prop-
erty p in subregion r,using technology s;

Zipr is consumption of crop i on property p in subregion r;

Zmpr is livestock consumption of livestock product m on prop-
erty p in subregion r.

Constraints

The constraints are grouped according to land use, production

and feed balances, resources, etc.

Land-Use Constraints

The following constraints related to the different aspects

of land use are introduced.

A.

The availability of arable land is expressed as
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X.
) iprso . , (1)
- ou - 7pr
s,a iprsa

ier-16
for all p, r. Full utilization of land is assumed; in

general, '=' may also be replaced by "<".

The availability of land of a particular quality is ex~
pressed as

. X,
Lm;g <z ulgrsa < Lmiz ) (2)
P i,s iprsa P

for all p,r,a.

The minimum and maximum areas of land occupied by crops
from groups I1,...,15 in accordance with the limitations

imposed by crop rotation are expressed as

. X.
T e, el e g
s,a iprsa p

for all p, r, w=1,...,5.

The minimum and maximum areas of land that can be im-

proved (e.g., by irrigation) are expressed as

. X.
o, o R e e
PrsSd — ¢ Yiprsa — P

for all o, p, r, s = 2, 3.

The availability of pastures and meadows is expressed as

X,
j _iprsa . gm (5)
s,q uiprsa pr
ie1b

for all p, r.
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Livestock Product and Crop Balances

a. The livestock product balance is expressed as

: z ' hmjkPS' XjkprS' - mer B Zmpr - z Rmprl =0 , (6)
J,k,s 1
for all m, p, r.
b. The crop balance is expressed as
Sza Xiprsa * Yiprsa' = Wipr = Zipr ~ % Ripr1 =0 » (7)
’

c. The balance of first and second harvests is expressed

as

X Y.
iprsa _ iprsa
] 2=~ ] FF7=>0 , (8)
S,a 1prsa sS,q ui rsa
ieg, P

for all i, p, r.

Feed Balances

Feed components n are balanced at a regional level for state

farms and at a subregional level for collective and private farms.

a. The feed balance for state farms is expressed as

min

f L. X
: , “njk “jkprs' < ) gqg. 2, + ) g, P,
j,k,r,s itr in “ipr i,8,1 in " iprl
max
+ 3 9. Lo < X . ,
m,r mn “mpr i, k,r,s' njk “jkprs ’ (9)

for all n, p = 1.

b. The feed balance for collective and private farms is

expressed as
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min
) £ X. y < ) 9. Z, + ) g._ P,
3K, s njk “jkprs § “in “ipr i1 in "iprl
+ 7 < max
; mn “mpr ~ ) fnjk Xikprs' (10)

j,k,x,s’
for all n, r, p = 2,3.

Minimum Requirementsg for the Production of Crops and Livestock
Products

a. The minimum requirement for crop production is expressed

as

PRt < 7 oW, o+ ) Q < FRax (11)
’ r

for all i.

b. The minimum requirement for livestock products is ex-

pressed as

F < W + ) Q < F (12)
m - npr mprl — "m '
P, P p,r,l P
for all m.

Production Limits for Crop and Livestock Products

a. The production limit for crops is expressed as

max

min
F < I ipr '

fpr £ L ) < F (13)

. + Y.
iprsa iprsa
for all i, p, r.

b. The production limit for livestock products is expressed

as
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min z max

Xjkprs' < Mspr - (14

for all j, p, r.

Resource Constraints

a. Labor at a subregional level is expressed as

(xiprsa + Yiprsa) + Z bjkprs' xjkprs'

b.
iprso 5,K,s

< B ’ (15)
for all p, r.

b. Labor at a regional level is expressed as

Z biprsa (X

. + Y, ) + ) b. :
i,p,r,s,a iprso iprsa 3 , jkprs

xjkprs' . (16)
c. Total water consumption at a subregional level is ex-
pressed as

g diprsa (xiprsa * Yiprsa) o g ' djkprs' Xjkprs'

' J/5,.S

<D ’ (17)
for all p, r.

d. Peak-period water consumption at a subregional level

is expressed as

~ A

(X )

~-
A1
-

d. : + Y, d. . X .
iprsa iprsa iprsa jkprs jkprs

<D v (18)

for all p, r.
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e. Total water consumption at a regional level is expressed

as
) a, (X, + Y, ) + } d. .
i,p,r,s,0 iprsa iprsa iprsa i,k,p,r,s" jkprs
<
Xigprs' < D (19)

f. Peak-period water consumption at a regional level is

expressed as

~

o>

(Xiprsa + Yiprsa) * Z v Jjkprs'

) 4,
lprsa Jlklplrls

i,p,r,s,a

Xjxprst <D - (20)

g. Machinery supplies (and horses) at a regional level

are expressed as

(X ) <E . (21)

) e. . + Y,
iprsa iprsa iprsa

i,p,r,s,a

h. Fertilizer supplies at a subregional level for collec-

tive and private farms are expressed as

~

(Xiprsa+ Yiprsa) T z afjks' xjkprs'

afi rsa
P i, k,s’

(22)
for all r, £, p = 2, 3.

i. Fertilizer supplies at a regional level are expressed as

~

) a_. (X, + Y, ) - Aoy 4

. . fiks

i,p,T,s,0 fiprsa iprsa iprsa j,k,p,r,s" 3
Xjkprs' 2 Gg (23)

for all £.
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Purchase and Sale Limits

a. The purchase of crops for livestock consumption is ex-

pressed as

! P, < H., (24)
p.r iprl il
5
for all 1, i eu 1“ .
w=1

b. The purchase of crops for human consumption is expressed

as

< I

) Qiprl - (23)

i1 !

W
1 I .

[[=]§)]

for all 1, i €
w

c. The purchase of livestock products is expressed as

) Qmprl A (26)

for all m,1 .

d. The sale of crops is expressed as

I Ripr1 S I3 o (27)

for all 1, i e 8 1% .

w=1

e. The sale of livestock products is expressed as

z Rmprl < Iml ! (28)

for all m,1l.
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FinaneZal Constraints

a. Capital investment availability at a subregional level is

expressed as

Z Ciprso Xi rso + Z Ei rso Xi rso + Z
s,q p p i,s,qa p p j,k

cjkprs' Xjkprs' = pr
for all r, p.

b. Capital investment availability at a regional level is

expressed as

Z C. X. + z E_ %
i,p,xr,s,o iprsa “iprsa i,p,r,8,a iprsa “iprsa
+ Z C. . X , < C . (30)
j,k,p,r,s' JKpPrs’ “jkprs' —

c. The minimum income of collective and private farms at

a subregional level is expressed as

igl Pi Riprl * m?l Pi Rmprl - i,g,a Siprsa xiprscx

- j,%,s' Sjkprs'xjkprs' - i?l PiTp Pipr1

- igl ﬁiTp Qiprl - mgl P;Tp Qmprl z Wp Bpr ’

for all r, p = 2, 3. (31)

Objective Functions

The objective functions applied are related to regional out-

put, which may be expressed in monetary and nonmonetary terms.
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In implementing the model, six objective functions, all to

be maximized, were proposed.

Regional profit is expressed as

Ri rl Pi
i,p,r,1 P
- ) Siprsa Xiprsa

i,p,xr,s,a

' m:g,r Rmprl P; (32)
) j:k,g,r,s' Sjkprs' Xjkprs'

- i'pgr’l “iprl PiTp i 1,b§£,1 Qipr1 51?9

) m,pgr,l Qmprl P;?p .

Regional agricultural production in monetary terms is expressed

as
z X; rsao Pl + Z hm'k s'! Xjkprs' P;
i,p,r,s,c P m,j,k,p,x,s' JXP
imp
- Z P, P, (33)
i,p,r.1 iprl " il
i -imp
- /A Q. P;
i,p,r,1 iprl *il
- imp
z Qmprl Pml :

m,p,r,1l
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Regional agricultural production in nutrition units is expressed

as
} nj [xiprsa - z(Piprl * Qiprl)]'
i,p,r,s,a 1 (34)
- ) n_.,. (h_. . X ) ) .
m,3,Kk,prr,s" mik mikps jkprs I mprl
Production of livestock products in'monetary terms is expressed
as
1 imp
) R P - ) Q P
m,p,r,l mprl m m,p,r,1 mprl "ml
imp (35)
il ! Pipr1 Pi1 -
ilplrll p
Production of livestock products in nutrition units is expressed
as
nose (s oo X -0 Q ) (36)
m,3,K,psE,s" mjk mijkps jkprs i mprl
Export production in monetary terms is expressed
as 3 ' ]
=imp imp
? (R, P - Q. P.." - P, . (37)
i,p,r ipr3 i ipr3 i3 ipr3 " i3
+ ! (Rror3 P; = Qpr3 P;gp)
m,p,r P mp

The choice of the objective function is very important be-
cause of its effect on the results obtained. 1It, therefore,
requires a detailed analysis of the intentions of policy-making
authorities and of the relevance of a specific goal for the

region under analysis.
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BRIEF PRESENTATION OF NUMERICAL RESULTS

For implementation, the sets of indices, i.e., the types
of crop, livestock, etc., were as given above. This resulted
in a linear programming problem of 3,438 columns (variables) and
968 rows (constraints and objective function). The first objec-

tive function, i.e., regional profit (32), was applied.

Since a large amount of data was used, it is not all listed.
Only land and labor resources are presented to give some indica-

tion of the region's size (see Table 1).

Table 1. Land and labor resources.

Land/Labor Ha/Persons (approx.)
Total area of region -- 235,000
in subregions:
Bydgoskie voivodshipa 200,000
WZoczawskie voivodship? 45,000
Koninskie voivodship @ 50,000

in property types:

state-owned 75,000
collective 15,000
private 205,000
Labor resources 420,000

dNote that Bydgoskie, WXocXawskie, and Koni i j i
BySgosIcE. W oclawek/ Jloctawskie, oninskie are the adjectival forms of

The main results for production of crops, livestock, and

livestock products are given below.

a. Crops, in tons (approx):
wheat 95,000
rye 115,000
barley 72,000
oats 35,000
other grains 37,500
sugar beets 710,000
potatoes 715,000
maize 35,000

forage beets 140,000
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a. (continued)

beans . 42,000
clover 150,000
flax 63,000
products from meadows

and pastures 230,000

b, Livestock, in units (approx):

cattle (milk) 140,000
cattle (beef) 360,000
pigs 630,000
horses 38,000
sheep 22,000
poultry 4,300,000

C. Livestock products (approx):

meat (in tons) 95,000
leather (in tons) 6,630
milk (in 103 liters) 392,000
eggs (10°) 170,000
wool (in tons) 90

The pattern of regional agricultural specialization obtained
from the model is given briefly in Tables 2 and 3; the dominant
subregions, technology types, etc. for a particular crop/live-

stock type are underlined.

One of the important features of the soluticon to the live-
stock specialization problem is the region's self-sufficiency

with respect to the agricultural products considered.

The most limiting constraints are those concerning the

minimum income requirements for collective and private farms.
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Table 2. Crop specialization.

Crop Subregion Property type Technology Soil quality
Wheat B, W, K S P W, M, P
Rye B, W, K P, C P W, M
Barley B, W, K S, P 4 W, M, P, G
Oats B, K P, S P W, P
Other B, K P, S P W, P
grains = - -

ar
g:gt W, B, K P, C, S R, P G
Potatoes _B_r W, K Br C B' F ﬂr
Maize W, K s, p, C P M, P, G
Forage
beets, etc. v, B, K B, € P G, M
Beans, etc. B, W, K c, P P P, W, M
Clover, etc. B, K S P W
Flax, etc. B, W, K P, C P P, M, G
ziz‘?ws' B, W, K P, C, S R, F G

Table 3. Livestock specialization.

Livestock type Property type Subregion
Cattle (milk) P, C, s B, K, W
Cattle (beef) P, C, S B, K, W
Pigs P, C B, K, W
Horses P B, W

Sheep P K, B

Poultry p, §, C B, W, K

CONCLUDING REMARKS

The first results obtained from GRAM confirm the authors'
belief that the model is a useful tool for determining not only
regional agricultural specialization but also the most important
regional resource flows (capital, fertilizers, labor, machinery,
water, etc.). The results seem compatible with agricultural
theory and practice; in the future, it is only necessary to

reconsider some minor issues.
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The large size of GRAM implies that difficulties could occur
in analyzing the results and the interrelations of agriculture
and the other sectors of the regional economy. However, this
task was greatly facilitated by the model's interactive mode and
clearly defined (reflecting the existing administrative, economic,
and other divisions) structure. Use of the SESAME/DATAMAT
LP system made it possible to compute the model efficiently and to

present the results in an elegant and compact form.

In the future, some mechanisms accounting for the stochastic
nature of regional agriculture will be included in GRAM. It is
also expected that a multicriteria approach to the solution of
the model will be formulated and that a dynamic model based on

GRAM will be developed.
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NORMATIVE MODELING OF STATE-SECTOR
REGIONAL AGRICULTURAL PRODUCTION

UNDER VARIOUS WATER SUPPLY ALTERNATIVES--
APPLICATION TO THE UPPER NOTEC REGION

L. Podkaminer
A, Jozwiak

T. Wollodko=-Szymczak

T. Ksiezopolka

J. Gomulka
INTRODUCTION

The problem of determining optimal agricultural production
patterns allowing for a limited water supply has been formulated
mathematically in several ways (see De Ridder 1974, Dudley
et al. 1971, Gisser and Pohoryles 1977, Pomerada 1978, etc.). The
approach differs according to whether the emphasis is placed on
the agricultural, economic, or hydrological aspects ©of the
problem. The mathematical formulation adopted in this paper is
based mainly on the methodology of deterministic linear program-
ming developed by Heady and his associates (see Heady and
Dvodskin 1977, Heady and Eyvidson 1973, Heady et al. 1973, Nicol
and Heady 1975, etc.).

However, the model presented takes into account the
random nature of water demand in specific months of the vegeta-
tion period. Thus, the production pattern determined in the

model will be feasible in weather conditions deviating from the

average.
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BASIC ASSUMPTIONS

Linear programming is generally used to determine the set
of all feasible agricultural patterns of a region. Moreover,
linear programming models tend to treat the whole region as
virtually one economic unit and do not consider the possibility
of a lack of spatial homogeneity in climate, so0il, and production

equipment.

Such models are usually static in character. However, the
pattern sought is the annual agricultural production structure
and the model solution is expected to have long-term significance.
The year to which the model applies is assumed to be typical for
a longer time period, in which technological and economic condi-
tions are constant. Since the yearly program to be determined is
expected to be feasible for both the preceding and following
years of the time period, making short-term solutions impossible,

this model must differ from a purely static model.

VARIABLES AND CONSTRAINTS
Four groups of variables are included in the model:

- =~ total quantities of particular animal feed
produced;

- - livestock-breeding activities;

- - land-use activities (with specified rotations);
and

- - total directly productive water use in certain
months of the vegetation period (under the
most likely weather conditions).

Land-use activities are divided into three subgroups:

- - rotations including at least one crop
requiring irrigation;

- = rotations excluding crops requiring irrigation,
but grown on soils suitable for irrigation; and

- - rotations recommended for land unsuitable for
irrigation.

The basic so0il categories for land-use activities are defined.
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Five groups of constraints are introduced:

~ the availability of the basic means of production;

- the availability of water for direct use in agri-
cultural production in specific months of the vege-
tation period, under various weather conditions;

- the production and economic targets set for the
region's state-owned farms;

- the interrelations between activities that guarantee
the long-term feasibility of the region's annual
program (i.e., reproduction equations for the
herd structure and environmental preservation con-
straints); and

- the balances of feeds of particular types.

DESCRIPTION OF WATER AVAILABILITY CONSTRAINTS

For the sake of brevity, only the water availability con-

straints included in the model are given. These constraints

reveal some important assumptions that have been adopted. The

following notation is used:

X is the area of land of soil category 1

1K under rotation j involving at least one
crop requiring irrigation and using
technology k;
W_ is the level of livestock production
activity r;
ijkttd is the water required directly for pro-
ductive purposes in activity xijk in
month t under average monthly temperature
T and effective precipitation a;
9t is the water required directly for productive
purposes in activity W in month t; and
trd is the upper limit of the water supply
for directly productive agricultural use
in month t under average monthly tempera-

ture 1 and effective precipitation d.
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The model constraints include a subset of the following

inequalities:
L %i5xTigkera Y LW dpe S Qeeg - t=1,2,3,4,5,6,
ijk r
(1)
T= 1’2’--0’It' d=1’2’.oo’It .

The coefficients q,., are estimated according to livestock-

breeding knowledge. To assess the coefficients q. the

ijkttd’
Klatt-Press theory on the relationships between optimum rainfall
for various crops, average monthly temperatures, and soil texture

should be applied.

OBJECTIVE FUNCTION

The problem of determining an objective function for the
water-use programs has not been completely solved. There are
many aspects of the problem that make simple proposals question-
able. Therefore, the objective function adopted in this study--
to maximize the volume of net agricultural production expressed

in corn equivalent units—--is considered to be provisional,

MODEL FOR THE UPPER NOTEC REGION

The simplified model for the Upper Notec regidn presented
above consists of 171 variables and 87 constraints. Among the
latter, there are 27 constraints of type (1) reflecting the
climatic properties of the Upper Notec region. The specification
of the model required that over 5,000 coefficients be assessed.

A number of versions of the model were solved, from which infor-
mation about the influence of the changes in the available

means of production upon the optimum production pattern has been
obtained. Selected results are presented in the Appendix.

LINKAGE OF THE MODEL TO THE WATER SYSTEM DEVELOPMENT MODEL

The model and its specific solutions may be utilized while
constructing models dealing with many aspects of the region's

water system development (see, e.g., Makowski 1979 ).
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The pattern of agricultural production that is taken to be
endogenous in Makowski (1979) may be identified with an optimum
solution to a variant of the model presented. Both models indi-
cate that the quantities of water needed for agricultural produc-
tion must be related to each other. Obviously, some problems
occur because of the differences in the levels of spatial aggre-
gation adopted. However, a relatively simple way of disaggregating
the solutions of the presented model so as to fit the requirements
of the water system development model has been worked out using an
auxiliary linear programming model (Makowski 1979), in  which
agricultural pfoduction patterns are determined for particular
subregions. The spatial distribution of production factors is
therefore fully acknowledged. The objective function of the
auxiliary model is defined so as to secure the minimum possible
differences between the optimum (aggregated) regional production
pattern and the pattern resulting from the disaggregation of the

acceptable subregional patterns,
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APPENDIX: OPTIMUM PRODUCTIOM RESPONSE TO WATER
SUPPLY IN THE UPPER NOTEC REGION--
SELECTED RESULTS

Several versions of the basic model were solved using an
IBM 370 computer. One of these was concerned with studying the
response of the region's state-sector farming to water supply

under some additional assumptions, from which the most important

are

-- labor force availability: 25,000 men;
-- land under state ownership: 187,400 ha; and
-- supplies of water Q are identical for all t, T,

and 4d.

trd

Thus, any version, say the nth, corresponds to the basic
model, with inequalities (1) taking the following form:

i§k xijkqijktTd * E Wrqrt < Q(n) ’ t=12,....,6,
(2)
T = 1,2,...,It, d = 1,2,...,It .
The characterisiics of the optimum solutions of nine model
variants to state-sector farming in the Upper Notec Region are
given in Table 1. They are in the form of ratios: C(n)/C(z),
where c(n) refers to variant n and C(Z) to the basic model.
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With respect to the water supply per unit of cultivated

land, the basic model reflects the present situation of state-

sector farming in the Upper Notec region.

Table 1. Characteristics of the optimum solutions of the nine

models.

oM Pc(n)b o m? ) gy
i oD P2 52 MO L (s) v (2
1 0.50 0.98 0.72 0.96 0.22 1.04
2 1.00 1.00 1.00 1.00 1.00 1.00
3 1.50 1.01 1.03 1.00 1.69 1.68
4 2,00 1.03 1.13 1.04 2.23 3.06
5 2.50 1.04 1.38 1.07 2.83 3.90
6 3.00 1.05 1.45 1.10 3.43 4.74
7 4,00 1.08 1.69 1.15 4.60 6.55
8 8.00 1.18 1.34 1.28 9.28 17.37
9 12,00 1.23 1.27 1.39 14,55 23.21

Q is total monthly water supply;

P _is net agricultural production in
corn equivalent units; _

P is net agricultural production (in
current prices);

M is net meat production;

L is irrigated land; and

V is net vegetable production.
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PART III

Models of Water Systems
and the Environment






COORDINATION OF TASKS WITHIN THE
GENERAL STUDY OF THE UPPER NOTE
PILOT PROGRAM :

C. Somorowski
E. Wichfacz

INTRODUCTION

The Governmental Program PR-7.06 was established to develop
and implement a water resource management system in the Upper
Notec agricultural region in Poland. This program considers the
development of water resources in conjunction with the socio-

economic development of the whole region.

The program was planned in two stages. In the first stage
(1976-1979) the design of the system was accomplished. The
second stage (after 1979) is concerned with the practical imple-
mentation of the system. This paper describes the coordination

of activities during the design stage.

CHARACTERISTICS OF THE PROGRAM

The design work, which began in 1977, makes possible the up-
dating of data on the territorial features, the structure, func-

tions, and organization of the water resource management program.

The Upper Notec region is situated in the Notec river basin
above the point where the Bydgoskie canal joins the river. The
borders of the communities located in the river basin define
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the boundary of the region, within which 31 communities are in-
cluded in an area of 4,900 sg km. The structure of land use is

given in Table 1.

Table 1. The structure of land use in the Upper Notec region.
Type of land use Area (in ha) )
Agricultural use: 353,845 72.2

- =—arable land 303,006 61.8

~— orchards 5,798 1.2

— - grassland 4u,861 9.2
Forests 80,477 16.4
Other 55,036 11.4
Total 490,258 100.0

The water and land reclamation system and the agricultural-
economic’ system have certain interrelated elements that define
the structure of the water resource management system. For the
water and land reclamation system, these elements include water
bodies, reservoirs, water intakes, sewage treatmentplants, inter-
nal water system for industrial plants, navigation and municipal
sectors, and also irrigation and drainage systems serving one or
several agricultural units. The corresponding elements of the
agricultural-economic system include all agricultural production
units (state, cooperative, and private farms), services and the
food-processing industry. The region is divided into subregions
in which there are water and land reclamation subsystems covering

partial basins and 