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PREFACE

Because the food production is one of the most decentralized
activities of mankind, the focal point in the Food and
Agriculture research at IIASA is the modelling of various
national food and agricultural systems. The international and
East-West characteristics of IIASA offer a good opportunity
for the appropriate modelling of market oriented as well as
centrally planned agricultural systems.

As a first step in the realization of IIASA's objectives
in the modelling of centrally planned agricultural systems,
we have begun to work on the Hungarian Agricultural Model (HAM) -
as a pilot model for the modelling of CMEA countries. First,
the general structure of the model and its detailed mathematical
description were completed*. As a second stage of the HAM
project the first,relatively aggregated,version of the model
(HAM-1) based on real data has been elaborated and implemented
in both IIASA and Hungarian computers. The experiences gained
by this model version serve first of all towards making the
final refinements of the model and also led us to some useful
conclusions concerning the operation and development of the
Hungarian food and agriculture system.

* C. Csaki; A. Jonas, S. Meszaros - Modelling of Centrally
Planned Food and Agricultural Systems: A Framework for a
National Policy Model for the Hungarian Food and Agriculture
Sector. RM-78-11, March 1978
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SUMMARY

In this paper, the results of experiments with the first
version of the Hungarian Agricultural Model (HAM-1) are
summarized. The description of our objectives and the model
are followed by a discussion of the actual results and finally
our conclusions are presented.

HAM is going to be the first systems simulation model to
describe the Hungarian food and agriculture sector. The main
objective of HAM-1 is to gain methodological experiences to
the further refinement of our model structure and to demon-
strate that our approach is suitable for investigations
connected with the development of Hungarian food and agriculture.

HAM-1 describes the Hungarian food and agricultural sector
in a rather aggregated way (the food and agriculture is
represented by nine commodities and the tenth commodity 1is
related to the rest of the economy), but it has all of the
basic features of the HAM model structure, namely it is
dynamic and has a descriptive character, both the production
of agricultural raw materials and food processing are modelled,
the governmental economic management and policy-making
activities are partly endogenized, the food consumption sphere
is incorporated, financial equilibrium is maintained.

Numerous runs of HAM~1 have been executed representing
three types of investigations, namely testing the operation
of the whole system, studying the impacts of changes in
external conditions and how the system reacts on modifications
within the model. Some of the results of these runs and the
conclusions are discussed at the end of the paper.
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INTRODUCTION

As a first step in the realization of IIASA's objectives
in the modelling of centrally planned agricultural systems we
have begun to work on the Hungarian Agricultural Model (HAM)
as a pilot model for the modelling of CMEA countries. The
development of HAM is a joint undertaking of FAP at IIASA and
three institutes in Hungary (Research Institute for National
Planning at the Hungarian National Planning Bureau - OT TGI,
Hungarian Ministry of Food and Agriculture - MEM STAGEK,
Department of Agriculture Economics at K. Marx University of
Economic Sciences - MKKE). Contributors to HAM-1:

C. Csaki (IIASA): overall model structure and linkages,
policy revising and consumption-trade block,
coordination of the whole project.

G. Fisher (IIASA): computer program and computation.
C. Forgacs (MKKE): data collection.
A. Jonas (OT TGI): government planning and economic analysis

submodel, analysis of results.

K. Kelemen (OT TGI): mathematical structure of the whole model.

L. Kleininger (MEM STAGEK): data collection for production
block.

S. Meszaros (MEM STAGEK): production block, savings function,

output tables.

Gy. Modos (MKKE): <collection of data on consumption.

A. Por (IIASA): estimation of demand system parameters.

M. Sebestyen (MKKE): data base of the whole model, economic
analysis and consumption trade klock, parameter
updating.

J. Strehn (MEM STAGEK): production model's parameter updating.

K. Varga (IIASA): computer programming.

L. Zeold (OT TGI): development of the basic computer program

and computation.






The elaboration of a detailed national agricultural policy
model requires intensive economic analysis as well as complex
and relatively large scale data collection, modelling and
computer programming work. Therefore this kind of venture
is generally realized in several stages. In developing HAM,
it took several months to complete the general structure of
the model and finalize its detailed mathematical outline¥*.
Now, after more than one year of work the first version of
HAM (HAM-1) based on real data is operational on both IIASA
and Hungarian computers. The development of HAM-1 is a very
important step in the HAM project. The experiences gained
by this more aggregated model version serves first of all
towards making the final refinements of the model and also
led us to some useful conclusions concerning the operation
and development of the Hungarian food and agriculture system.

In this paper, the results of our experiments with HAM-1
are summarized. The description of our objectives and the
model are followed by discussion of the actual results and
finally our conclusions are presented.

The working group of HAM is grateful to Professor Ferenc
Rabar and Michiel Keyzer for their continuous support and
comments on the whole work. 1In the elaboration of the model
we would also like tc express our appreciation to the Bulgarian
and Czechoslovakian scientists for valuable discussions on
the whole modelling framework.

* (C. Csaki, A. Jonas, S. Meszaros: Modelling of Centrally
Planned Food and Agricultural Systems: A Framework for a
National Policy Model for the Hungarian Food and Agriculture
Sector. I1IIASA, RM-78~11, March 1978.



1. OBJECTIVES IN DEVELOPING HAM-1

HAM is going to be the first system simulation model to
describe the Hungarian food and agriculture sector. The former
modelling works offered many useful experiences but in several
cases HAM applies entirely new approaches and the development
of HAM requires the analysis of several possible alternative
methodological solutions. Therefore to avoid the difficulties
of immediately working with a large scale system we have decided
to develop first a more aggregated, relatively simplified model
version (HAM-1).

The main objective of HAM-1 is to gain methodological
experiences to the further refinement cf our model structure
and to the construction of the final model version through:

- testing the operation of the whole model system, investi=-
gating alternative methodological solutions for some
of the model modules (e.g. instead of linear programming,
using nonlinear optimization),

- performing the sensitivity analysis of the crucial model
parameters,

- studying the reaction of the system to changing external
conditions (e.g. changing the worla market prices),

- calculating the impacts of changes within the system
(e.g. modification of pricing mechanism or decision
making rules) on the performance of the whole system.

HAM-1 is also very important from the point of view of
computation of the final model version. Through the implementation
of HAM-1 in IIASA and the computer of the Hungarian Natiocnal
Planning Bureau we intendeu to develop and test a computer pro-
gram which can serve as a solid basis for the computation of
the final model.

Our further objective with HAM-1 was to demonstrate that our
model structure 1is suitable for investigations connected with
the development of Hungarian food and agriculture in the follow-
ing way:

- Based on the model, the realization of major policy
goals and plan targets and their main alternatives
can be investigated. For example, the key factors
and bottlenecks of realizaticn, the considerations
for a faster growth, the expected labor outflow from
agriculture, and the feasibility of the goals may
be analyzed.

- HAM is suitable for studying the adjustments and
rcactions of the Hungarian food and agriculturc
system to a changing international market. For
example, export and import structure, the desired
level of specialization or self-sufficiency, and
the reaction of the domestic to the world market
may be investigated.

- Finally, HAM is designed to be useful for the further
development of the Hungarian economic management
system, since the model can analyze the efficiency
of policy instruments, the impact of the new instruments,

and areas of additional control reduirements.



Finally the investigations of data availability and the
development of data collecting system for the further work
can also be mentioned as an important objective of HAM-1
experiment.

2. DESCRIPTION OF HAM-1

HAM-1 describes the Hungarian food and agricultural sector
in a rather aggregated way but it has all of the basic features
of the HAM model structure described in RM-78-11 namely:

- the model is dynamic and has a descriptive character,
- the food consumption sphere is incorporated,

- the nonfood production sectors of the economy are
represented by assuming that they produce only one

aggregated commcdity,

- the economic, technical and biological aspects of
food production are covered,

- both the production of agricultural raw materials
and food processing are modelled,

- the whole agricultural production and food processing
is represented and,

- financial equilibrium is maintained.

Compared to our objectives as stated in the general des-
cription of HAM structure (see RM-78-11) the aggregated and
simplified features of HAM-1 mean the following:

- HAM-1 has a rather aggregated commodity coverage (see
Point 2.1),

- different sectors of agricultural production (state
farms, cooperative farms, household plots) are not
considered, only the so-called socialist agricultural
production (state and cocperative farms together) is
modelled,

- weather random effects on agricultural production are not
directly included,

- 1n some cases (e.g. savings function) less sophisticated
mathematical formulation is applied,

- the description of the government's policy instrument
revising activities (e.g. pricing) can be considered as
the first preliminary approach,

- no separate CMEA market is considered.

2.1 Commodity Coverage and Data Sources

The Hungarian food and agriculture is described in HAM-1 on
a relatively high level of aggregation. The Hungarian food and
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agriculture is represented by 5 agricultural and 4 processed
food commodities, the 10th commodity is related to the rest
of the economy.

As it is shown on Table 1, practically all of the model
commodities represent a relatively wide range of products. On
the whole, approximately the whole Hungarian food and agricul-
ture and the natianal economy as well are covered. Therefore
the computed results of HAM-1 can be compared with the actual
indicators of Hungarian food and agriculture and the national
economy. Out of the ten commodities, six - wheat, pork, beef,
sugar, processed meat and the n-th commodity - are consumed
by the population.

HAM-1 is based on official Hungarian statistics. The metho-
dological character of HAM-1 experiment allowed us to be less
exacting and sophisticated in data preparation. Most of the
model parameters have been calculated using the data of the
Hungarian National Statistical Bureau and the Ministry of
Food and Agriculture. The consumers' demand system has been
estimated at IIASA based on time series (see Appendix 1).

2.2 Structure of HAM-1

HAM-1 is actually a system of models structured as it was
planned in the general HAM outline. Figure 1 shows the structure
of HAM-1. On Figure 2, 3 and 4, some of the most important
linkages and the operation of the model are shown. Figure 2
shows how the overall government objectives on growth of the
economy are realized. The government production control mechanism
is outlined on Figure 3 and the government influence on con-
sumption on Figure 4.,%*

2.2.1 Government Economic Planning Submodel

The GM-P Submodel incorporates three modules. The calculation
of major economic goals (GM-~P-1) and government targets on
consumption (GM-P-2) are executed as stated in general model
outline. A linear programming model is applied to fix government
targets on food and agriculture (GM-P-3).

GM-P-3 module contains 34 variables and 45 rows, including
the objective function describing the maximization of balance
of payment of food and agriculture. The whole GM-P-3 model
for the first year can be seen in Appendix 2. The model co-
efficients are updated in each simulated year based on P-3 and
P-5 modules as described later on.

2.2.2 Production Block

The Production Block of HAM-1 consists of three major elements.
The rest of the economy is modelled (Module P-1) by a Cobb-
Douglas type production function as follows:

(t) (t))0.3
n

P 290.3 (LAN (RVN(t))O'75

%!

Figure 2, 3 and 4 have been designed by Prof. Ferenc Rabar.
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where:
Pét) is the production of the rest of the economy
in period (t);
LAN(t) is the labor force of the rest of the economy
in period (t);
RVN(t) is the available assets of the rest of the

economy in period (t).

Agricultural production and food processing are modelled
by two separate linear programming models (module P-3 and P-5)
determining first the agricultural production. As it was
mentioned weather random effects are not considered.

In P-3 module the production of the five agricultural com-
modities are represented by two or three production technologies
(see Figure 3) and a relatively wide rancge of input factors are
considered as 1is shown in Table 2. The module P-3 contains
22 columns and 31 rows including the objective function (in
Appendix 3 the whole model is presented). Obviously the P-3
model parameters are subject to annual updating according to
the trends of biclogical and technical development as well as
domestic price changes.

Model P-5 is used to describe the production decision of the
food processing industry. The relatively small case linear pro-
gramming model has 15 columns ancd 19 rows .as can be seen in
Appendix 4 and the results are, to a large extent, determined by
available raw materials and processing capacities.

As can be seen from the description of P-3 and P-5 modules the
investment decisions are included in production decision models
in both cases and most of the investments have no time lag.

2.2.3 Consumption and Trade Block

The Consumption and Trade Block of HAM-1 plays a very impor-
tant role in the operation of the whole system. Some reformation
of the original structure of this model block was recuired during
the work on it, but the basic content of this block has not been
changed compared to the general model outline. In HAM-1
the private and government consumption and the country's reaction
to world market changes are modelled by three modules.

First in module CT-1 those equations are handled which can
be solved based on former model elements. Practically simple
calculation takes place to determine:

- the income and income utilization of producing enterprises
socialist agriculture, food processing, rest of the
economy) including the total demands of producing
sectors;

- the earnings and committed expenditures, including savings,
of the population (private consumers) ;

- the government income from population and production
sector and the committed expenditures of the government.
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The savings of the population is calculated based on a
savings function determined empirically by S. Meszaros as
follows:

sap{®) = (0.0175 + 0.005t) mceo!t) + 0.007 sar(t~")
where:
SAP(t) are the new savings of population in period
SAT(t_1) are the total income of population in
period (t);
INCOP(t) ?re1fhe total savings at the end of period
t-1).

2.2.3.17 Modelling of Consumer's Demands

Module CT-2 is an important part of this model block and
the whole model as well, describing the private consumption.
The role of Module CT-2 is to determine the per capita
consumer demands assuming that the endowment of consumers after
deduction of savings is spent for buying various commodities.

The consumer demands toward a specific commodity are

influenced by the prices and the level of endowment. In HAM-1
the demand for commodity i is described as follows:
pi(t) cpg (t)
() _
CPy h c(t)
Pj
(t) () _
04 > 0 and z Py = 1
i

where:

CP.(t) = per capita demand for commodity i in period (t)

CPE(t) = per capita endowment of consumers in period (t)

c(t) _ . . o . .

Pl = consumer price of commodity i in period (t).

(t)

The 0 parameters are determined in the model for each

simulated year by using C.E.V. Leser's nonlinear demand model.

* C.E.V. Leser: "A method for estimating price and income
elasticities from the series and its application to consumers'
expenditures in the Netherlands 1949-1959." Statischtischen
Studien vom 13 October 1962, des Statischtisches Centralbtiros
Den Haag.

.
’

’



We assume that consumer expenditures on commodity i can
be described as:

c(t) oy
cy P cpg (t)
(t)
CPE
cp, (8 pol®)
1 c(t) a .
Pj J

where:

c;, 0y are parameters related to commodity i

and therefore

(a, = 1)
t - .
cip(i:() * cpe(t) (1 = o)
CPi(t) -
> c.pS (B %ycpe (B) = 0y
N R
J
Based on time series of CPi(t), pi(t) and CPE(t) (Appendix 1)

the oy and cy parameters have been estimated using the least
square method on the data showed in Appendix 1. The pi(t)
coefficients are calculated in HAM-1 as follows:

Table No 3

Parameters of demand system used in HAM-1

Commodity cy oy

1. Wheat 465,570 0,47800
2. Sugar 2,929 0,00535
3. Pork 240,550 0,57560
4. Processed meat 191,000 0,62140
5. Beef 19,463 0,13200
6. Nth Product 6,138 -0,24500
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c(t) \*1i
c; i
(t)
; (t)_ CPE
i c(t)\ a.
P4 ]
J
r c.\ ——r
5 3\ cpe®
and
pi(t) is expressing the share of commodity i

in total consumer expenditures in period (t).
Table No. 3 shows the estimated values of c; and o .

2.2.3.2 Exchange Module

Module CT-3 is a crucial part of the whole model, where
the final level of private and government consumption as well
as stocks satisfying balance of trade eaquilibrium conditions
are determined. It is very important to underline that the
reaction mechanism of domestic demands to new world market
conditions (prices) is described here.

After some unsuccessful attempts with linear programming,
based on Michiel Keyzer's suggestion, a relatively simple
method has been developed to solve module CT-3.

In this module the so-called non-committed demands are
determined which can be the subjects of further adjustment.
The non-committed demand for a specific commodity consists
of various elements; therefore let a,, express the h-th type

of demand for commodity i. To reach a solution first we
define a target level of the h-th demand of commodity i
(qiﬁ)) and introduce a vector A which indicates the extent
to which the target (qiﬁ)) is realized. Obviously the

realization levels are constrained between two bounds:

Ak < A < k%



Let us assume, that

y = vector of supply after the deduction of committed
expenditures;

pY = world market price of commodity i;
kX = preliminary fixed balance of foreign trade.

The solution of module CT-3 is equal to the determination
of such values of vector A which satisfy:

PP QA =p"y +k
and

A¥ < A < k%

and
Q is a matrix of non-committed demands.

During the solution procedure a strict preference ordering
of various types of demands is followed. 1In case of changes
in the world market prices a new )X vector has to be calculated.
If no solution can be obtained the \A* and A** vectors have to
be adjusted so that a solution can be reached. The calculation

of vector ) is easily programmed. It is worthwhile to consider
1 as initial value of X.. It is obvious that in case the
target is realised, A; = 1 and always Af <1, Ai** > 1.

The module CT-3 of HAM-1.is based on this method, but of
course the vector X is related to a relatively large system
of equations and constraints and the whole matter is more
complicated.

The supply after the deduction of demands related to
committed expenditures which cannot be subjects of any further
adjustment is given by former model modules. Using the symbols
of the general model outline, the y vector related to HAM-1
can be formulated as feollows:

X(t) = supply after deduction of demand related to
committed expenditures.
(t) _ (t-1) () _ p(t) o (t)
Yy = Si + SPAi Of PFfi
() _ o(t=-1) (t)
Ye = Sf + PFPf
() _ o(t=-1) (t) n (t) S(t) _ (t)
Yn Sn + Pn = On Pn I (MESI 4
(t) (t) (t) (t)

+ TINS + TINP + TINN )



where:
SPAFt) is the output of socialist agriculture
i . o .
from commodity i in period (t):;

PFEE) is the production of processed food
commodity f from commodity i in period (t);

PFPét) is the output of food processing from
commodity f in period (t):

Pét) is the production of the rest of the
economy in period (t):

a?ﬁt) is a coefficient expressing the use of the

1 . . . .
i-th commodity in food processing;

agét) is a coefficient expressing the use of the
products of the rest of the economy within
the rest of the economy;

MESI(t), MEPI(t) are the total use of the nth commodity

in agriculture and food processing in
period (t);

TINS(t), TINP(t), TINN(t) are the amounts of investments
assuming that only the n-th commodity is
used in the major producing areas in
period (t).

and:
1
T = —__
pr (t)
Ph

_ As we mentioned, the endowments of population is calculated
in medule CT-1. The demands related to non-committed
expenditures (qih) are formulated in matrix Q as follows:

i

Q = non-committed demand

e L E)
i (agricultural el Sit) 0 o 0 0 TCy
commodities) )
f (processed food 0 sét) 0 0 0 0 TCe
commodities)
n (rest of the Sét) (0] HGPE(t) HDGINA(t) TTGINN TCét) (0]

economy )



t . ,
Sé ); are stocks in period (t);:
Tcit), TCét), TCét) = total consumption of population
from the various commodities;
GPE(t) are government public expenditures in period
(t);
DGINA(t) are direct government investments in food
and agriculture in period (t);
GINN(t) are government investments in the rest of
the economy;
pr(t) : . ,
Py 1s the producer price of the nth commodity

in veriod (t).

The structure of matrix Q expresses the preference ordering
of adjustment as it is stated in the model outline, namely:

adjustment of stocks of nth commodity;

stock adjustment of agricultural and processed food
commodities;

modification of government public expenditures;

adjustment of direct government investments in food and
agriculture;

modification of government investments in the rest of
the economy;

adjustment of private consumption of nth product;

modification of private consumption of food and agricul-
tural commodities

are the order of demand adjustments.
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The target values of Q matrix elements are as follows:

- in case of stocks the government plan targets calculated
in GM-P-3 Module are used as targets in Module CT-3

Sét)‘(target) = PS(t)

(t)

t)! pS
1

s
i

(t)'
S¢

(target)

(t)
PS¢

- the target value of GPE

(target)

(t) is calculated in CT-1 Module

as:

(£) ' g(t) (t-1)

GPE = ep GPE
where:
epg(t) is the coefficient of the trend of desired
increase in public expenditures.
- as the target value of direct government investments in

food and agriculture the value of PDGINA(t) (planned direct
government investments in food and agriculture) as determined
in Module GM-P-3 is used. The target value of GINN (t) ig caleculated

based on the value of PAFN(t) (planned capital accumulation
of the rest of the economy) determined in Module GM-P-1 and

IFEAN(t) (firm's investment fund in the rest of the economy)
in module CT-1 as:

L}
cnn (8" = parn®) _ 1pEan (V)
- as targets on private consumption, the values of TCét),
TCit), Tcét) related to consumer prices fixed for the given

period are used.

A* and A*¥* express the extent of allowed deviation from
target levels. For the various elements of Q different A¥*
A*¥¥ are given, expressing the government objectives and policies
in demand adjustment. Table 4 contains A*¥ and A** vectors of
HAM-1. Actually three sets of A* and A** are used in HAM-1
when the extent of possible adjustment is increased continuously
going from the first set to the third one. Using the algorithm
mentioned above, vector A is determined and we get the final
values of variables included in matrix Q as:
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Table 4

A*¥ and A** used in HAM-1

A* and A%* A Ak
related to 3 2 1 1 2 3
s (t) 0 0.3 0.5 2 5 10
s(t)  glt) 0.4 0.5 0.6 2 3 1
i f
cpe (V) 0.6 0.7 0.8 1.2 1.3 1.5
peina (P 0 0.3 0.5 1.2 1.5 2
cInn (V) 0 0.3 0.5 3 I 5
Tcét) 0.85 0.9 0.95 1.05 1.15 1.25
et ¢ 0.95 1.0 1.0 1 1.05 1.05
i 7 f . . -
s (®) = st
n 1 n
s{t) = ,ps't)
i 2" "n
(t) _ (t)
S¢ = A,PS¢
cpe(t) = X3GPE(t)'
DGINA(t) = )\qPDGINA(t)
GINN(t) = )\SGINN(t)'
o (8 = ¢!t
n 6" n
rclt) = el
1 7 1
mem (E) _ {t)'
_ch = >\7ch




If X6 and X7 4+ 1 to satisfy our condition that consumption

is equal to the endowments of population, either consumer
prices are adjusted or keeping the original prices the excess
endowment is considered as forced savings of the population.

2.2.4 Economic Analysis of Government

The revision of the government policy instruments in HAM-1
is based fully on procedures outlined in the general model
outline. The actual values of government policy instruments
are determined in this module. These values have a great
impact upon the performance and operation of the whole system.

- First the desired share of investment accumulation in net
national product is updated for the naxt period. The procedure
is based on the comparison of the actual growth of gross
national product and those exogenous coefficients expressing
the bounds of desired growth as it is shown in Figure No. 6.

- The annual increase of unit wages is calculated based on
the growth of net national product and the desired share of
investment accumulation in net national product as one can
see on Figure No. 6.

- The desired share of food and agriculture in total invest-
ment accumulation is revised based on the actual growth of
gross production value of food and agriculture (see Figure No. 7).

- The income tax rates are changed if the actual income rates
are above or below certain given bounds as it is shown by
Figure No. 7.

- Finally, the producer and consumer prices are also revised.
In HAM-1 this procedure is based on the comparison of target
and actual figures of production as Figure No. 8 shows it.

2.2.5 Updating Parameters

The last block of HAM-1 is devoted to the updating of
parameters of other model blocks. The demographic changes are
given exogenously based on a prognosis elaborated by the
Hungarlan Central Statistical Bureau. In HAM-1 only plow-
land is considered and some annual decrease of total land
is projected as:

S(t) (t-1)

= 0.9995 - LS

(t)

LS is the total available plowland in period (t).
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Table 5

Initial Values and Updating of Physical Resources¥

Resource Unit Initial (0) Updating
value (RS.
0 1
RP)
1

Tractors 1000 4140 Rsft)= 0.86Rsft'1)+ RIS$t_1)

head
Additional 1 mill. 30000 RSét)= 0.87Rsét_1)+ RISét-1)
Equipment pieces

H.Ft
Pig barns 1000 9000 rs{t) = 0.95rs {t" 14 rrsit—1)

3 3 3

head

Cattle 1000 2000 rs (B = 0.97rs{t" 14 rrglt~1)
4 4 u

barns head
Other fixed 1 mill. 50000 rs{®)= 0.95rs{*" )+ R1s T
assets pieces )

H.Ft
Sugar pro- 1000 3600 RP1(t)= 0.95RP1(t_“ + rrp (&7
cessing m.t.
plants

- -1

Slaughter- 1000 2000 RPét)= 0.95Rp§t Dy RIPét )
ing capa- m.t.
city
Meat pro- 1000 300 RPét)= 0.95RP§t'1)+ RIPgt_1)
cessing m.t.
plants

In agracultural production the fixed assets are represented
by five tvpes. In food vrocessina three hasic nroduction
resources are considered. Table 5 shows the method of updating
and the initial stocks of these resources.

The coefficients of Module GM-P-3 are calculcated based on
P-3 and P-5 modules. If only one production technology is con-
sidered 1n food processing, simply the parameters of P-5 are
used 1n GM-P-3 module. In case of agricultural production the
GP-P- 3! l.inear programming mode! parameters are determined based
on the nrevious year P-3 module. Table 6 contains a section

& A
RISFt), RIPgt) are increase of physical resources by new

invEstments’in period (t).



of GM-P-3 model and in Table 7, the related part of the previous
year's P-3 module is shown. The GM-P-3 module's parameters are
calculated as:

(t-1) (t=-1)

o= Y20.2 51y * 90,3 SPyp 0t ooz, y SPy;
42 ~ (t-1) (t-1) (t-1)
Y11 SPqq * Y92 SPy * Y93 SPq3
(£=1) (t=1)
o = 220.5 SPo1 * 9%0.6 SP22
43 © (t-1) (t-1)
Y1 SPoy * Yy SPyy
(t-1) (£=1)
o o t20.7 SP 34 * 050,88 SP3)
4y (t-1) (t-1)
Y31 SP3q * Y3y SP3;
]
€527 €537 S5y
€657
e e e e76
82’ 83’ "84 are similarly calculated

€12.27 ©12,3" €12.4" ©®12.57" ©42.6

14,27 S14.37 G4




GM-P~-3 Module Coefficients Determined Based on P-3
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Table

6

Module
Sugar- Corn Wheat Pig Cattle
Columns |beet Production|Production|Product. |Production
prod.
PP1 PP2 PP3 PPu PP5
Rows 2 3 4 5 6
4 Tractor €y9 eu3 €4y
5 Othgr e52 e53 e54
Equipment
‘6 Pig barns €5
7 Cattle e
barns 76
{8 Other e e e
| fived 82 83 g4
assets
{12 Labour €12.2 €12.3 ©12.4 €12, ©12.6
14 Land €14.2 €14.3 €1u.a
30 Corn 1 -ELl —E5
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In the objective function of GM-P-3 module, the balance of
payment of food and agriculture is maximized using the previous
year's world market prices.

In modelling of agricultural producer's decisions of HAM-1
the following coefficients are updated during the simulated
time horizons:

- yields, expressing the trends of biological development;
- fertilizer usage, related to yields;
- feed input coefficients in pork production;

- upper limits of future technologies in production of
agricultural commodities;

- prices and unit wages.

Functions used to update yields and fertilizer inputs are
shown in Table 8. The unit pork feed input coefficients are
caiculated as:

- present technology:

gl = g1 _ 5.00333 (9= 0.32)
41 41 41
- future technolcgy:
(t) _ L(t-1) _ (0) _
Ey, = E' Yy 0.003 (Euz = 0.30)

The upper limit of future technology (zit)) is updated as follows:

Z(t)

1% (sugarbeet) = 281 40,0375 (2{0) = 0,25
(t) _ (t-1) (0) _
2,% (corn) =z +0,01875 (2,°) = 0,4
zét) (wheat ) - zét‘1) + 0,01875 (z{0) = 0,3
3
zjt) (pork) - zét'1) + 0,035 (zéO) = 0,3)
zét) (cattle) = zét'1) + 0,040 (zéo) = 0,2)

In Module P-5 of HAM-1 from model coefficients (food pro-
cessing) only prices and the wage rate are updated.

3. COMPUTATION OF HAM-1

The computer program of HAM-1 has been developed in Hungary
by the Computer Center of the Hungarian National Planning
Bureau under the leadership of Laszlo Zeold. At present two
program versions exist allowing us to execute runs both on
ITIASA's PDP 11/45 and the Hungarian Planning Bureau's ICL -
System 4/70 computers.
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The computer program of HAM-1 consists of four subprograms:

- LOAD: is used to change model parameters, to determine
the length of runs and to start with the program.

-~ MAIN: executes the solution of GM-P, GM-A, P, and UD
Blocks of model.

- CONSUM: 1is devoted to the solution of Consumption and
Trade Block.

- TAB: role is to store selected variables after each
- simulated year and to prepare the outputs in-
cluding time series for the whole simulated
pericd.

At the end of computation different types of output can be
nrinted out. The output system of HAM-1 consists of three major
elements:

1. Annual Results which serve the analysis of time periods
containing very detailed results on each simulated year and on
each module of the model including the updated model coefficients.

2. Summary of Results covers time series of the most impor-
tant indicators making the global analysis of the various runs
possible.

3. Plotter Output can be prepared on the most important
time series visualizing trends, tendencies projected by HAM-1,
and helping in the comparison of various runs.

The Summary of Results is the most useful type of output,
and in most cases the information needs on the individual runs
can be satisfied based cn it. Of course the more detailed
analysis or debugging can not be done without the Annual Results.
The Summary of Results is structured according to 8 tables,
namely:

1. Commodity Coverage: list of commodities

2. General Indicators: general indicators of production,
foreign trade, investment, income develcpment on current and
fixed prices for the whole simulated period and indexes of the
development.

3. Dynamics of Production and Trade: planned and actual
production, export or import of individual commodities in
physical units.

4. Dynamics of per Capita Consumption: private consumption
by commodities 1n value.

5. Dynamics of Investments: investments in physical units
by types of investments and share of the rest of the economy
in total investment fund for each year.




6. Dynamics of Prices: producer consumer and world market
prices of commodities, producer and consumer price indexes.

7. Resources and Production Structure: main physical resources,
production structure in physical units and structure of the gross
production value of food and agriculture for each or for the
desired - e.g. first and last - simnlated years.

One complete set of Summary of Results tables can be seen

in Appendix 5. Figure 9 shows the structure of HAM-1's output
system.
4. EXPERIMENTS WITH HAM~-1

To realize our objectives with HAM-1 as they are stated under
point 1, numerous runs of HAM-1 have been executed. These runs
rerresent three types of investigations, namely:

- testing the operation of the whole system, investigation
of the model's relation to reality:

- studying the impacts of changes in external conditions;

- investigating how the system reacts on modifications

within the model.

The larger number of runs belong to the first type of the

above mentioned three poirts. Some of them served simply
debugging purposes. In other cases the sensitivity of the
crucial parameters have been investigated. Finally several

runs have been required to test our assumptions on various
decision making procedures. These runs led us to the so-called
basic variant of HAM-1, which can be considered as the most
appropriate description cf the present Hungarian food and
agricultural system obviously on the aggregation level and
accepting the methodological framework of HAM-1. The Summary
of Results of the basic variant is shown in Appendix 5.

Now we present some of the results of the computation,

firrst of all to realize our third objectives - to prove that the
HAM model structure is suitable for providing useful information
for decision making and policy analysis. In our analysis the

results of twelve independent runs are used and compared.
These model variants are as follows:

Basic model variant, as explained above.

1. Variant: we assume & three year price cycle of corn
on the world market.

2. Variant: we assume a two year price cycle of corn
on the world market.

3. Variant: the world market prices of all food and agri-
cultural commodities of HAM-1 are changing year by year.
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L. Variant: changing world market prices of Variant 3
are used also as domestic producer prices using 1 US$ =
30 H. Ft. exchange rate.

5. Variant: as Variant 4 using 1 US$ = 60 H. Ft. exchange
rate.
9. Variant: U40% of amortization funds of enterprises in

food and agriculture and 50% of the same funds from the
rest of the economy are centralized by the government.

10. Variant: the initial value of z 5 (tpper limit of the

applicatior of the advanced technology) is increased.

11. Variant: as Variant 10 allowing also a faster full
substitution of traditional technologies.

12. Variant: as Basic Variant assuming that domestic prices
remain unchanged for the whole covered time horizon.

13. Variant: as Variant 3 assuming that domestic prices
remain unchanged for the whole covered time horizon.

14 . Variant: instead orf 100% only 70% is the required level
of self-sufficiency from food and agricultural commodities.

15. Variant: instead of 100% there is no required level of
self-sufficiency from food and agricultural commodities.

As one can notice in the case of variants 1,2,3, the
external conditions are modified, on the other hand in Variants
4-15, our assumptions on the system are changed (model structure
is modified).

4.1

In Figures 10,11 and 12, the impacts of various government
policies and ‘external conditions on the development of the
whole Hungarian food and agricultural production are shown as
computed by HAM-1. As we can see in Figure 10 where the results
of the Basic Variant are compared with the results of Variant
2, the cyclical change of corn world market prices does not
influence significantly *the basic trend of production growth.
However the changes in basic government policies -- modification
of producer price system, the desired level of self-sufficiency --
have a significant impact on projected nroduction growth. 1In
Figure 11, the Basic Variant is ccmpared with Variants 4 and 14.
The decrease of the desired level of self-sufficiency (Variant 14)
makes a faster production growth possible allowing a higher
level of specialization to the direction of commodities with
most favorable production indicators. The use of world market
prices as producer prices (Variant 4) slows down the production
development, but it wiil be shown later on this policy is the
most efficient from the point of view of the balance of payments.




In Figure 12 where the Basic Variant is compared with
Variant 12, we can see the impacts of the usage of fully fixed
domestic prices on the development of food and agriculture.

The impacts of various government policies on the projected
positive balance of payment of food and agriculture and other
general performance indicators of the system may also be analysed.
Figure 13 shows the balance of payment situation at three model
variants - Basic Variant, Variants 4 and 14. It is obvious
that Variant 4 is the first from this point of view. But the
results also indicates that a basic modification of producer

price system -- shift to world market prices -- may cause
serious difficulties within the system during the first few
years. The same fact is proved by Variant 5, when we were

not able to get a feasible solution indicating that a drastic
producer price change requires the modifications of other system's
elements too. Of course all other verformance indicators of the
system can be analyzed in a similar way.

4.3

Figure 14 presents the structure of food and agricultural
production at the end of modelled planning horizon as computed
by various model variants in a comparison with present structure.
Okbviously the application of different gcvernment policies leads
us to different production structures and the structure is
also influenced by changing external conditions especially by
the world market prices. The main conclusion of Figure 14 is
that a more specialized structure of food and agriculture is
desirable from an economic point of view. With various assumptions
a large number of possible structural development can be computed
and by using this information there is no doubt that a model like
HAM-1 can be a very useful tool in structural decision making.

The descriptive character of HAM's structure enables the
investigation of the efficiency of the whcle economic management
cystem as well as the individual instruments. In i"igure 15 the
example of corn shows how the actual production is related to
government plan targets. Figure 16 illustrates very clearly
how the world market prices influence the production in the modelled
system. There is a two year lag between world market prices and
producer's reactions.




4.5

Based on HAM the efficiency of the individual policy
instruments of the government may also be analyzed. Variant
4,5 and 12,13 represent such situations where the domestic
pricing mechanism is modified. On Figure 11,12 and 13 the
impacts of these changes on the overall growth and balance of
payment situaticns are clearly visible.

4.6

Based on the HAM model structure, a wide range of investi-
gations can be done in connection with the individual commodities.
Figure 16 shows the corn production in relation to world market
and producer prices computed by Variant 2. We can notice that
the adjustment mechanism built into HAM-1 is efficient in the
case of two-year price cycles (Variant 2). The domestic
production goes up when the international market conditions
are the most favorable, and down parallel with world market
prices. It is also possible to quantify the extent of price
reaction of the individual commodities.

4.7

The production module of HAM allcws us to carry on various
investigations in relation to the technological development of
food and agriculture. Variant 12 and 13 represent some examples
of these kind of investigations. 1In TFigure 17, the share of
advanced technology in total production is shown in the case
of sugar beet and corn at the Basic Variant. The investment
programs associated with various government pclicies obviously
can also be analyzed.

4.8.

HAM model structure is suitable for various investigations
on consumpticn of population. The aggregated commodity
coverage of HAM-1 does not allow us to go into detail in
relation to the structure of consumption. However, as Figure
18 shows, the impacts of various government policies on
consumption can be analyzed.

4.9.

The interrelation between indirect and drain effects
within the system can also be studied. For example in Figures
19 and 20 the wheat and sugarbeet production are shown at basic
variant. The sudden increase in year 6 of the wheat production
seems to be unexpected, especially because the producer price
remained unchanged from year 5 to 6.
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This event can be explained based on comparisons with the develop-
ments in sugarbeet production. The sugarbeet production decreased
very sharply from year 5 to 6 and this crop is partly replaced

by the more profitable wheat. This increase is not desired by

the national plan, therefore producer prices are modified and
wheat loses its competitiveness.

5. CONCLUSIONS

On the whole we feel that the development of HAM-1 has been
a very useful step in our work towards the final version of
HAM. We believe that the results of various runs of HAM-1 are
rather promising. They have supported the appropriateness of
our approach and prove that the HAM model structure really can
contribute to the further development of planning techniques
and actual decision making as well. HAM-~1 has also led us to
several methodological conclusions that are very important for
the further refinement of the model. The most important ones
are as follow:

- A relatively aggregated commodity coverage as in the case
of HAM-1, is also suitable for very valuable investigations, and above
a relatively moderate level, the disaggregetion does not improve
the quantity of information generated by macro-models. There-
fore contrary to our original plans, the commodity aggredgation
cf the final version of HAM will follow the commodity list of
FaP at IIASA having not more than 10 - 15 additional commodities.

- The GM-A model describing the policy instrument revising
activity of the government is the crucial part of the model from
the point ov view of further refinement., Further investigations
are required to analyse the present practice and especially the
pricing mechanism built in the model has to be revised.

- The use of linear programming in three modules has caused
less difficulties than we expected. In spite of this fact we
will try to substitute the linear prcgramming model of agricul-
tural producer decisions with a more sophisticated nonlinear
programming approach. The structure of the remaining L-P's will
also be further developed based on the HAM-1.

- More attention has to be given to the dynamic features of
agricultural investments. The approach of HAM-1, including
these decisions in production models is nct fully satisfactory
for some of the investments (e.g. development of animal husbandry).
The application of a separate multi-stage model for investment
decisions seems to be the desired solution.

- The enlargement of the model size requires a well designed
data collecting system, but we have to be aware of the fact that
because of insufficient information some of the parameters cannot
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be estimated by statistical methods. In these cases we intend
to use the estimations of experts of various Hungarian research
institutions.

- The elaboration of further methods of validization for HAM-1
has to be one of our most important tasks in the future.

Based on the above mentioned experiments with HAM-1, a
presentation of the results in Hungary in the second half of
April, 1978, a model presentation at IIASA and probably also in
the Soviet Union, further development of HAM will take place
later this year. The final mcdel version (HAM-2) with more
disaggregated commodity coverage (about 25 food and agricultural
commodities) is expected to be completed by the end of 1978,
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Appendix 1

Per Capita Consumption (x,) and Consumer Prices 3]
1 1
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of commodities used to estimate the utility function of HAM-1

Year Wheat Sugar Beef
c c c c c c
Py X * P Pypr % X P, Pyr X X3 B,
1960 1295.46 279.19 4.64 359.94 33.73 10.67 1126.45 42.97 21.€1
1961 1341.57 286.65 4.68 384,98 36.05 10.68 1134.68 52.29 21.70
1962 1405.17 299.61 4.69 397.73 37.21 10.69 1126.64 52.60 21.42
1963 1388.56 295.44 4.70 415.11 38.79 10.70 1167.32 54.50 21.42
1964 1399.06 302.17 4.63 " 427.65 39.93 10.71 1211.65 56.75 21.35
1965 1459.87 307.34 4.75 421.28 39.34 10.71 1193.54 55.92 21.34
1966 1515.45 319.04 4.75 441.77 41.25 10.71 1390.35 47.20 29.45
1967 1540.66 325.03 4.74 466.48 43.56 10.71 1496.59 48.92 30.59
1968 1629.24 342.28 4.76 468.13 47.32 9.79 1512.05 50.31 30.05
1969 1640.38 347.54 4.72 498.98 50.81 9.82 1589.21 52.31 29.81
1970 1691.92 357.70 4.73 53)..68 53.81 9.88 1672.29 56.27 29.72
1971 1786.48 378.49 4.72 566.48 57.22 9.90 1677.63 56.47 29.71
1972 1817.75 384.30 4.73 6G62.137 60.30 9.99 1683.87 56.45 29.83
1973 1947.03 407.32 4.78 654.96 65.37 10.02 1903.90 62.28 30.57
1974 1967.48 410.65 4.79 681.59 68.09 l0.01 1957.73 65.28 29.99
1975 1976.05 412.54 4.79 743.20 72.27 10.27 2049.93 67.19 3¢.51
Year Pork Processed Meat Rest of the economy
p:, *a *a p: pg, *g *s pg pc, x x P
6 6 6 6
1960 885.39 34.07 25.94 €28.32 13.6 46.2 7271.44 7271.44 1000.0
1961 909.32 34.29 26.52 543.90 13.7 47.0 7321.55 7304.75 1002.3
1962 907.22 32.39 28.01 702.26 14.6 48.1 7705.98 7372.07 1004.6
1963 938.29 33.08 28.36 €83.02 14.2 48.1 8140.90 8058.70 1010.2
1964 969.83 34.10 28.44 728.16 14.8 49,2 8733.65 8577.54 l018.2
1965 1012.68 35.40 28.61 775.71 15.3 50.7 8948.92 8729.80 J025.1
1966 1061.64 29,17 36.40 774.04 14.8 82.3 9668.75 9386.224 1030.1
1967 1096.46 29.28 37.44 824.40 15.2 54.5 10349.41 9975.33 1037.5
1968 1150.72 30.43 37.81 933.90 16.5 56.6 10925.96 10505.73 1040.0
1969 1177.19 30.94 38.05 941,22 16.2 58.1 11793,02 11244.30 1046.3
1970 1198.48 31.35 38.23 1031.%0 17.0 60.7 12994.75 12351.25 1052.1
1971 1241.39 32,52 38.17 1124.01 18.1 62.1 14157.01 12961.92 1092.2
1972 1297.66 33.93 38.36 1242.01 20.0 62.1 15176.35 13604.98 1115.5
1973 1320.43 33.8e3 39.03 1326.64 20.6 64.4 16418.04 13953.80 1176.€
1974 1378.52 35.50 38.83 1449.70 21.8 66.5 17974.95 14834.50 1211.7
1975 1465.39 37.45 39.13 1603.20 24.0 66.8 19558.13 15522.32 1260.0
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Appendix 2

Linear Programming Model for Fixing Government Targets for Food

and Agriculture (GM-P-3) Module.

Unit

d ottt et

558333335333

t & o

pieces
Hung. Ft.

pleces

(A) List of Columns
1. Right hand side
Production of sugarbeet
3. Production of corn
o, Production of wheat
5. Pig production
6. Cattle production
7. Sugar production
8. Pork production
9. Processed meat production
10. Beef production
11. Export of corn
12. Export of wheat
13. Export of cattle
14. Export of sugar
15. Export of pcrk
i6. Export of processed meat
17. Export of beef
18. Import of sugar
19. Import of pork
20. Import of be=zf
21. Closing stock of corn
22. Closing stock of wheat
23. Closing stock of sugar
2 Closing stock of pork
25, Closing stock of processed meat
26. Closing stock of beef
27. New investment in tractors
28. New investment in additional equipment
25. New investment in pig barns
30 New investment in cattle barns

pieces



(Appendix 2 cont.)

31. New investment in other fixed assets 1000 Hung. Ft
32. New investment in sugar plants 1000 Hung. Ft.
33. DNew investment in slaughter-houses 1000 Hung. Ft.
34. New investment in meat processing plants 1000 Hung. Ft.
(B) List of Rows Relation  Unit
1. Objective function: Max of balance of
payment $ 1000.--
2. Investment funds of enterprises < 1000 Hung. Ft.
3. Total government investment subsidy < 1000 Hung. Ft.
4. Available tractors < 1000 pieces
5. Available additional agricultural equipment < 1000 Hung. Ft.
6. Available pig barns < 1000 pieces
7. Available cattle barns < 1000 pieces
8. Available other fixed assets < 1000 Hung. Ft.
9. Available sugar plant capacity < 1000 m.t.
10. Available slaughter-house capacity < 1000 m.t.
11. Available meat processing plant capacity < 1000 m.t.
12. Upper limit of labor use in agriculture < 1000 heads
13. Upper limit in labor use of food processing E 1000 heads
14, Available land < 1000 hectares
15. Upper limit of corn export < 1000 m.t.
16. Upper limit of wheat export < 1000 m.t.
17. Upper limit of cattle export < 1000 m.t.
18. Upper limit of sugar export < 1000 m.t.
19. Upper limit of pork export < 1000 m.t.
20. Upper limit of processed meat export < 1000 m.t.
21 Upper limit of beef export < 1000 m-t.
22 Upper limit of corn stocks < 1000 m.t.
23 Upper limit of wheat stocks < 1090 m.t.
24, Upper limit of sugar stocks < 1000 m.t.
25 Upper limit of pork stocks < 1000 m.t.
26. Upper limit of processed meat stccks < 1000 m.t.
7. Upper limit of beef stocks < 1000 m.t.
28 Lower bound of corn stocks > 1000 m.t
29. Lower bound of wheat stocks > 1000 m.t
30 Lower bound of sugar stocks : 1000 m.t
31 Lower bound cf pork stocks E 1000 m.t

-4 8~
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(Appendix 2 cont.)

32. Lower bound of processed meat stocks > 1000 m.t.
33. Lower bound of beef stocks > 1000 m.t.
34. Agricultural labor requirements > 1000 head
35. Labor regquirement of food processing > 1000 head
36. Lower bound of gross national product of

food and agriculture > 1000 m.t.
37. Production utilization balance of sugarbeet = 1000 m.t.
38. Production utilization balance of corn = 1000 m.t
39. Production utilization balance of wheat = 1000 m.t.
40. Production utilization balance of pig = 1000 m.t.
41. Production utilizaticn balance of cattle = 1000 m.t.
42. Production utilization balance of sugar = 1000 m.t.
43. Production utilization balance of pork = 1000 m.t.
44. Production utilization balance of processed = 1000 m.t.

meat
45. Production utilization balance of beef = 1000 m.t.

(C) GM-P-3 Mcdel Tables
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Appendix 3

Linear Programming Model for Determining Agricultural Production
(P-3) Module.

(A) List of Columns Units

1. Right hand side

2. Sugarbeet production, traditional technology 1000 hectares
3. Sugarbeet production, advanced technology 1000 hectares
4. Sugarbeet production, irrigated technology 1000 hectares
5. Corn production, traditional technology' 1000 hectares
6. Corn production, advanced technology 1000 hectares
7. Wheat production, traditional technology 1000 hectares
8. Wheat production, advanced technology 1000 hectares
9. Pig production, traditional technology 1000 heads
10. Pig production, advanced technology 1000 heads
11. Cattle production, traditional technology 1000 heads
12. Cattle production, advanced technology 1000 heads

13. New investment in tractors using government

subsidies 1000 pieces
14. New investment in other equipment using govern-

ment subsidies 1000 Hung. Ft.
15. New investment in pig barns using government

subsidies 1000 heads
16. New investment in cattle barns using govern-

' ment subsidies 1000 heads

17. WNew investment in other fixed assets using

government subsidies 1000 Hung. Ft.
18. New investment in tractors only by enterprise's

own resources 1000 pieces
19. New investment 1in other equipment by enter-

prise's own resources 1000 Hung. Ft.
20. New investment in pig barns by enterprise's

own resources 1000 head
21. New investment 1in cattle barns by enterprise's

Own resources 1000 head

22. New investment in other fixed assets by
enterprise's own resources 1000 Hung. Ft.
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(Appendix 3 cont.)

(B) List of Rows Relation Unit
1. Obijective function: enterprise’'s

%et chome P max 1000 Hung. Ft.
2 Irrigated land < 1000 hectares
3. Plowland < 1000 hectares
4. Upper limit of sugarbeet production < 1000 hectares
5. Upper limit of corn production < 1000 hectares
6 Upper limit of wheat production < 1000 hectares
7 Upper limit for sugarbeet, traditional

technology : < 1000 hectares
8. Upper limit for corn, traditional

technology < 1000 hectares
9. Upper limit for wheat, traditional

technology < 1000 hectares
10. Upper limit for pigs, traditional

technology < 1000 heads
11. Upper limit for cattle, traditional

technology < 1000 heads
12. Upper limit for sugarbeet, advanced

technology < 1000 hectares
13. Upper limit for corn,advanced technology < 1000 hectares
4. Upper limit for wheat, advanced tech-

nology < 1000 hectares
15. Upper limit for pigs,advanced technology < 1000 heads
l6. Upper limit for cattle, advanced

technology < 1000 heads
17. Use of enterprise's investment funds < 1000 Hung. Ft.
18. Use of government subsidies for investment

in farm machinery < 1000 Hung. Ft.
19. Use of government subsidies for investment

in animal husbandry < 1000 Hung. Ft.
20. Tractor utilization < 1000 pieces
21. Other equipment utilization < 1000 pieces
22. Pig barn utilization < 1000 head
23. Cattle barn utilization < 1000 head
24, Other fixed asset utilization < 1000 Hung. Ft.
25. Upper limit of labor use < 1000 heads
26. Total labor requirements T ZTTTC 1000 heads
27. Sugarbeet utilization balance = 1000 m.t
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(Appendix 3 cont.)

28.
29.
30.
31.

(€)

Corn utilization balance
Wheat utilization balance
Pig utilization balance

Cattle utilization balance

P-3 Model Tables

1000 m.t.
1000 m.t.
1000 m.t.
1000 m.t.
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Appendix 4

Linear Programming Model for Determining Food Processing

(P-5) Module.

(A) List of Columns

1. Right hand side

2. Sugar production

3. Processed meat production

4, Beef production

5. New investment in sugar plant using govern-
ment subsidies

6. New investment in slaughter-houses using
government subsidies

7. Pork production

New investment in meat processing plants

using government subsidies

9. Pork output

10. Production value of food processing

11. General production expenses of food processing

12. Labor use in food processing

13. New investment in sugar plant by enterprise's

own resources

14. New investment in slaughter-houses by
enterprise's own resources

15. New investment 1in meat processing plants
by enterprise's own resources

(B) List of Rows Relation

1. Objective function: maximum of net income
of enterprises

2. Sugarbeet utilization <

3. Cattle utilization <

4. Labor utilization <

5. Sugar plant capacity <

6. Slaughter-house capacity <

7. Enterprise's investment funds
utilization <

8. Available government subsidy for investment

in sugar plants <

1000
1000
1000

1000

1000
1000

1000
1000
1000
1000
1000

1000

1000

1000

2 2 B

7
rr

3
rr

Hung.
Hung.
heads

m.t.

m.t.

m.t.

Unit

1000
1000
1000
1000
1000
1000

1000

1000

Hung.
m.t.
m.t.
head
m.t.

m.t.

Hung.

Ft.
Ft.

Ft.

Ft.
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(Appendix 4 cont.)

9.

Available government subsidy for
investment in meat industry

Meat processing capacity

Lower bound of sugar production
Lower bound of pork production
Lower bound of processed meat production

Lower bound of beef production

Pig utilization balance
Pork utilization balance
Determination of gross production

Determination of general management and
overhead expenses

Total labor use for food processing

P-5 Model Tables

m.t.
Hung. Ft.

heads
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Appendix 5

HUNGARIAN AGRICULTURAL MODEL

SUMMARY OF RESULTS
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RUN} @
PRICE INDEX

PRODUCER CONSUMER
YEAR

1 tea,00 100,080
2 99,14 10@,48
3 99,72 192,90
4 99,70 185,19

3 160,00 108,21

6 100,57 111,05
v 100,41 114,39
) 99,96 117,56

9 100,082 119,98

1@ 100,29 123,35t

11 99,95 126,02
12 99,53 128,81
13 99,57 130,07
18 99,67 132,88
15 99,44 135,67

16 101,16 138,13



-78-

£9°96401
15'00£96
ne*asasn
60°29.850
£6°1994€
en'Livet
99 evahE
82°CGERh
L5°Sv09¢
elgevan
92'a1g02
82°90662
95 LT1ne2
20'p0122
g2'ig2¢t

S6'6610

*14°711Iu

Iviod
SINIWLIEIANT
IVENLINITHgY

eB'6g0!
61°re92
L9°ngRs
6B°92¢1
CARNALY
20°tE09
£2'snsy
P9°8i8s
96'92Lt
19°46809
£9°G261
02'919¢€
B85 056E
t1tigge
6E°L06

A

‘1411w

Sl3s8y U3xld
43H10Q

s 1 & SINIWISIANI 40 SIIWYNAQ

ee‘s
pE'etg2
go‘e
ee'e
we'?
9°* 11§
T
9L°89Y
e2'gan
£f'est
ge'olg
2v*9e2
J0’es2
ve‘ogd
eB* Lt
etae
SQviH
peel

NYve
3Lv3

S LI NIRWLS I ANI

we'e

9£°59¢2
se’eote
gLt90Ll
Li'2enl
pe‘ig2t
69°ge0l
BL°SS6
vE'bow
6V ESL
91449
2r'u2y
22‘gte

SAv3In
oeet

NHY8
9ld

89'9628
ey °2268
2L 1008
$6°0061L
89°L69S
s1'g142
£4'v681
le'slot
2s'éeson
SL'sloL
69t
e2°'ne2s
26°6925
81°9950
nLSebs

Go'661N

f14°1IK

IN3IWGINLI
AYNUGILIOUY

s2°sk
68°6¢
95° 81
90°¢9
vE"ag
90°91
AT
vé en
£9°8¢
r°9y
15°51
29°1s
99° 15
19°@9
ve"s

0R°0

SLIND
voot

d0L3Jvyl

Ty an L INJIT ¥y

]

91
sl
LA}
£l
2t
i

et

n &

dv3aA

INNY



-79-

L 990ty
£'LL019s
LoEne9ny
ples2LLn
1°ctedtp
3%65868¢
M 111419
2°8L9nb¢
9'000e1g
M THYY
2'giei92
s'epiged
'eBobL2
£'2rpe52
£P259n0Q

S TTITY]

Y AR

SINIWLISIAANI
viod

Launaen
2906891
Listelt
g'529048%
plELNe9g
1°686662
LA IS H
g°grage?
LACTY AL
9'esL202
prlaasga?
L'6990252
£lensog?
£'e06n22
ptigogta

p'osenal

*14°11w
AWONO3J3 3HL 40

1834 3HL N1
SININLIEIAANT

sgi2ze
L3929

t1'si0d
£9°€591
shtsint
LYRETY R
p9°se2t
sitegal
esteEntl
getasel
tetestt
2E°0s01
16°296

gLtinsLe
s6'9ng

ne'Lsal

*14°771In

IHNLANITHTY

UNY Q004 NI

SINIWLGAAN]
INIWNHIA09 L3J3HIC

¥ 2 v SINIWLISIANI 40 SITWYNAQ

CT. A
£9'100
£9°09261
£2°€91¢1
gLeggee
1226991
L1'ggost
sltigell
£9'2qf61
re'gsent
L2t2zgal
tetegetd
g£2'6Lntl
L1916l
99°2n691

pe°*edus

*L4°1IKW

qviol

ee’e
Y
Tty
L2*29
66°5nl
S1°111
eg'oll
gLti0l
1Lt
29°4L9
69'8l
9E°LL
66°89
99°9n
ge'got

tn'ce

‘ln PYwEt

INYd
ONISS320H
1V3NH

O9N1SS§ 3J04Hd

e0*e 0¥
§6°528 ee‘e
Le'nte pe'e
pe‘e o0
se‘e W'Y
vh° 99§ 08" 9
ge‘e pR’e
29°9p2 v e
29'ele ve'y
gs efg ev°e
T/ 'Y
pe‘e ] )
ov’u s ee2
ee‘e | R AT
go°d 95° 652
pe’e LLtogs
‘LW ool W OITY
d ISNUH ANYd
¥3LHYNUTS uvang
0004 NI LNIWLISIANTI

91
St
vi
1y}
21
11

et

dvah

INNN



NR

10

PRODUCT

SUGAR BEET
CORN

WHEAT

PIG

CATTLE
SUGAR

PORK

PROC, MEAT
BEEF

NeTH PRODUCT

-80-

YEARs RUNI @
RESOURCES AND PRODUCTION STRUCTURE

KIND OF RESOURCE SYMBOLS AVAILABLE RESOURCES
POPULATION, THOUSANDS TP 10524,0
LABOR FORCE, THOUSANDS LA 814,6
LAF 1039,2
LAN 4335,8
ARABLE (AND,{o0@HA LS 54°%7,.3%
TRACTOR, THOUSANDS RS2 44p,0
ADD MACHINERY,MIL FY RS3 30000, n
PIG BARN,THOUSANDS R84 nan,n
CATTLE BARN, THOUSANDS  RS$S 3800,90
OTH,AGR,ASSETS,HIL,FT  RS6 50000,0
SUGAR PLANT,10A@ TONS  RP{ 3600,0
SLAUGHTER PLANT,1000 T, RP2 epan, e
MEAT PROC,PLANT, 1000 T, RP3 300,0
PRODUCTION STRUCTURE PRODUCTION STRUCTURE
AREA,LIVESTOCK PRODUCTION $TOCKS VALUE IN x of
THOUSANDS 1080 TONS 1009 TONS  FINED PRICES  TOTAL VALUE
sP GaSP,8P,PN 8 IN FOOD AND AGR,
824,6 33046,1 2,0 330946, 8,9
2681 ,4 13787,7 10,0 37226,8 10,1
1991,3 7128,8 10,0 20673,4 5,6
12428,6 1740,0 2,0 44544,0 14,0
lone,e 1603,2 0,0 48384,6 13,1
2.0 4130,8 50,0 S7838,7 15,6
a,0 966,7 20,0 53166,7 14,4
8,0 305,2 5,0 31130,0 8,4
2,0 736,7 20,0 44200,8 11,9

8,0 863048,1 60743,4 863048,1
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YEAR®Y B RUNY O

RESOURCES AND PRODUCTION STRUCTURE

NR

KIND OF RESOURCE SYMBOLS AVAILABLE RESOURCES

POPULATIQON, THOUSANDS TP 10749,0

LARQR FORCE, THOUSANDS LA 742,9

LAF 1061,1

LAN 4291,4

ARABLE {AND,1@00HA L8 8456,2

TRACTOR, THOUSANDS RS2 367,8

ADD  MACHINERY ,MIL FT RS3 38812,3

PIG BARN,THOIISANDS RS4 20064,7

CATTLE BARN,THOUSANDS R3S 7452,3

OTH,AGR,ASSETS,MIL,FT  RS6 65182,13

SUGAR PLANT,1pn@ TONS RP1 2745,4

SLAUGHTER PLANT, 1809 T, RP2 2523,3

MEAT PROCFLANT,10P® T, RPS 1198,9
PRODUCTION STRUCTURE PRODUCTION 8TRUCTURE
PRODUCT AREA,LIVESTOCK PRONUCTION STOCKS VALUE 1IN X OF

THOUSANDS leaa TONS 1@ee TONS FIXED PRICES  TOTAL VALUE
sP GaSP¢SP,PN 8 IN FOOD AND AGR,
SUGAR BEET 818,4 43867,5 0,0 43867,% 7,4
CORN 3583, 1 27386.4 10,0 73943,9 12,5
WHEAT 1054,6 $374,5 13,0 15586,1 2,6
P16 29410,0 8117,4 2.0 185405,3 17,8
CATTLE 2756,3 15011 2,0 45303,1 7,7
SUGAR A.0 1700,0 50,0 23799,6 4,0
PORK 2,0 2287,.4 20,0 125809,3 21,2
PROC, MEATY 2.0 1112,9 5.0 113215,9 19,14
BEEF 2,0 752,4 20,9 4%149,8 T.6
N=TH PRODUCT 0,0 1525610,9 192764,1 1525610,0




2500, 0
2400,0
2300,0
2200,0
21006,9
2000,0
1900,0
1800,0
1708,0
1600,0
1500,0
1400,0
1300,0
1200, 0
1100,0
1000,0
900,00
B00.AD
100,00
600,00
580,00
400,00
300,00
200,00
190,00
9,00000

150,00
720,00
690,00
660,00
630,00
600,00
570,00
540,00
516,00
480,00
450,00
420,00
390,00
360,00
330,00
390,00
270,00
249,00
210,00
180,00
150,00
120,00
99,000
60,000
19,000
?,00000
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GROSS NATIONAL PRONUET (RILL ,HUNG FT)

Y X XX R YRR L L X L L LR P FY YRR FY R AL L LS LR LY L LY O N Y ¥ 1

1 I
1 1
1 1
1 1
1 antan an |
1 1r " 1
1 ARRRAR AR 1
i TRIXL) 1
1 X333 21] 1
1 taky 1
1 ARENNR NNy I
I sennnkenn 1
T I
1 1
1 1
1 !
1 4
1 1
1 1
1 1
1 1
1 1
1 1
1 . !
YL L LR LY RS A Al L PR T I R E L LALLAALA L LAl X Ll Al A 0 1 X XJ
1 2 3 q 5 6 7 ] 9 12 11 12 13 14 15 6

GNP OF FOOD AND AGRICULTURE (BILL,HUNG,FT)

'--..-.---...---‘.-‘.'-'-QQ.----.--.-.-Q-.-..--'..-—-------.'

AN R Y | | ] L]
ahkg ARNAAR 1 ] ]
LT "
sRNdRRA "
.
3R] 'y
ERRANEANN T

O =g 0=t 0=l =l =t =G =t =G P p=k PN =d =E P =G =t C =G B 1 E = 4

YL XL LR L LA LA L LEASEI MY PILEYY EE L LD L LA L A Rd XA LA ALl L. L ALt 2 L] ]

1
1
1
1
1
I
1
1
1
1
1
1
'
1
1
1
1
1
1
1
1
1
1
1
| 2 3 4 3 6 7 8 9 19 11 t2 13 18 15 {6



S000,0
4800, 0
4600, 0
4400,0
420w,
4000,0
3800,0
3600,0
3400,0
3200,0
3000,0
2800,0
2600,9
2400,
2200,0
2000,0
1800,0
1600,0
1400,0
1200,0
1000,0
ARa, 00
600,00
4p0,00
2.00000

75,00
720,00
690,00
660,00
630,00
600,00
370,00
540,00
510,00
480,00
450,00
420,00
390,00
360,00
330,00
300,00
210,00
240,00
219,00
180,00
150,00
120,00
99,000
60,020
30,000
e,00000
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RALANCE QF PAYMENT (MILL,HUNG,FT,)

yepsgsgsgpsr Yy L L L L XX X PR RAZE Y R R R A AL P L L A LR Y Y RIS R LYY |

kNG Annbddy
" »

] (AR 2]
(2R R 2 RS LA

'TE] 1] LEX R
[T W Aadtanan whwEAN
'S8 18 « .

g pvq = d oG Ol bl pvq bl g Smg bl Smg Pl ) b0 =G B =g =d g =8 =d =

X I R LR L LR L LYY PN P P P R T Y L PR LSRR Y P Y Y P Y Y Y g

2 3 4 5 [ 7 8 9 12 11 12 13 18 15 16

s g vt g Sl Sl St b Sl o Sl bl b=l =g B g "0 S8t =t S e o = =g

TOTAL INVESTHMENTS (BILL (HUNG,FT)

. .
Y TR YRR LA AR P XA AL YRR L AL R L L XA A L LR R L R A XY XX XX}

L AR 2] ]
LR 2 ]
L2 ]

2l 0eq G Sl = g > =l =l 5 A QB 0 =l e g ol e = =d O=d

I

R R P LI YL L L LY Y P Y R R T L P R Y L LR L DY Y L T T Ay

1
T
1
1
1
1
1
1
1
1
1
1
1 13}
1
1
I
1
1
-]
1
1
!
1
1
1 2 3 4 5 6 7 8 9 13 11 12 13 14 15 1



150,00
147,80
144,00
1a1,m0
138,00
135,00
132,00
129,00
126,00
123,00
120,00
117,00
114,00
111,00
108,00
105,00
102,00
99,000
96,000
93,000
90,000
87,000
84,000
81,000
78,000
75,000

sSpooa,
a8ava,
46008,
aqoen,
42000,
4poae,
38000,
Y6000,
314000,
J20u0,
Y000,
28000,
26000,
24000,
22a¢0,
20000,
18000,
16000,
14000,
12000,
10200,
8000,0
600a,n
4000,0
2000,0
0,0000¢
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DYNAMICS OF CONSUMPTYION (INDEX)

[ R AL EX L L LA LA AR AL L FE LN YRS LY R R IR R PR T R Yy Y ]

I
I
I
11

-

[EREE]
[ TR I
| R R R AR
[RXXE]
ITE LR}
[T T
'S 1]
[ R

LR R 2]
[ R 2
kb k
hhhe

0=l 0=@ 0=l Fu@ =) Bmd 0ol Bl e P 3= o) 2@ = e el od o=g =

XIS LA LAY YL XN PASY R YRR IS T XA SRR R A X2 2 2 X J

1
1
1
1
1
1
1
1
1
1
1
1
1 ' P1
1
1
1
"
1
1
1
1
1
1
1
1 2 3 4 9 6 7 8 9 12 11 12 13 ta 1S5 116

PRODUCTION AND TRADE OF SUGAR BEEY (1082 TONS)

*« & PP} X = GAMaSP 3 = EXYPORY

FEY I IR L L AL AL AL X AL LTI L L LR R L0 A A d LA L Ll Ll A L A 2 0 2 L 2J
1 1
1 1
1 X
I 1
1 I
1 1
1 XX xX X 1
XXXXAXAXX X X X1
1 X 1
1 X 1
1 X LI | X X 1
1 1
1 X 1
1 X 1
1 X x X x 1
! !
1 1 X 1
1 X x X 1
AKAARAARARA NN AR AN N R QA AN AR N AN RA NN N AN R AN R R AP AN A RN R AN RAA NN
1 X X X 1
1 X XX 1
1 XX 1
; X X XX AN XXXXX 1
$385338585358253339332385533858395533399333335358585398333838383
1t 2 3 4 5 & 7 8 9 g2 11 t2 13 14 1S5 16



40000,
384me,
36800,
315200,
33600,
32000,
304pe,
28800,
27200,
25600,
24000,
22400,
208e0,
19208,
17600,
16000,
14400,
12800,
11200,
9600,8
8000,0
6400,0
4800,0
3200,0
1620,9
2.00000

8000,0
7692,0
1200,0
6800,0
640Q,0
6009,0
5600,0
5200,0
4Bo00.0
quen,0
40020,0
3600,08
200,09
2800,0
24¢0 .0
000,92
1600,0
1200,
800,00
ap0,90
a,0000p
«400,00
«8006,00
-1200,02
-1602,0
«2000,0

-925-

PRNDUCTION AND TRADE OF CORN (10@@ TONS)
* = PP1 X ® GAMeSP $ s EXPORT
;;;p.-------!---.--.-'-.;-;-------—.---.’--.--------.---q-.--
I
I
I
I
AXANA ann
wheannnn) |
XXX hwmanan)y X1

b 8 I R E Y] XX Xx
Xewnwnannw XX X
aRRTARRN XX
ARk R RNy XY
'XI3L21 L X X%
'TEL XXXX
XX AN XXX
XX

<
»
= ] G e o) D 94 = P Pmg g X

$533838

$$3S59 I

$53555353555858 $538355338 1
$55353855388$ $339 1
) , 1
’s-----------.-------‘-------O.----.U----P-.—--I-q.qu----.--

| 2 3 4 5 6 7 a 9 1?2 t1 12 {3 14 13 s

Pt = Pl =g g e N = 3 = e P b g e Bt d el ot g e

-
-
o
«“
[
o

PRODUCTION AND TRADE OF WHEAT ([1202a TONS)

« s PP} X » GAMaSP $ » EXPCRTY

O--.------..-n-----w;.-.---n.------v.---O—q—--q--.;nwtuucnq.w
t 1
X I
1X % 1
1 X X X 1
) I | X X 1
1 XX XX X X 1
I [ AR AR R R R R R R R R R R R R R R R R AR R R0 R R SSRRRRRERR222E
T I
1 1
1 1
] 1
1 1
18 I
1 s L 1
1 3 $ s I
1 3 1
1 $583 3 ] I
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6000,0
57640,0
5520,0
5280,0
5040,0
4800,0
a4560,0
4320,0
4080,0
31849,0
36002,0
336p,0
3120,0
288p,0@
2hdp,n
24pp,0
2160,0
192,90
1680,0
f440,0
{20a,0
960,00
720,00
480,00
240,00
0.02000

Sp00,0
4802,0
apdp,n
44m0,0
4200,0
4000,0
3800,0
3600,0
3400,0
3200,0
3000.07
28020,
2600,0
2420,0
2200,0
2000,0
180Q,0
1600,0
1400,0
1200,0
1000,0
802,00
600,00
400,00
200,00
Q,00000
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PRODIICTION AND TRADE OF PIG (19a@ TONS)
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PRODUCTION AND TRADE OF CATTLE (1000 TONS)
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A

500¢,0
ar6a,0
4520,9
4280,0
4p4da,.0
3800,0
3560.0
3320,9
3080,0
284p,0
2600,9
2360,0
2ieo,0
1880,0
1640,0
1400,0
1169,0
920,00
680,00
440,00
200,00
80,000
«280,00
-520,00
760,00
1000, 0

5000,0
4r6e,0
4%20,0
628n,0
4049,9
3800,0
3560,0
3320,0
3e80,0
2840,0
2600,0
2360,0
210,60
1880,0
1640,0
1400,0
1160,0
920,00
680,00
240,00
200,00
»40,000
«280,00
320,00
»760,00
«1000,0
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PRNANDUCTION AND TRADE OF SUGAR (1000 TONS)
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PRODUCTION AND TRADE OF PORK (12d2 TONS)
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1252,2
1202,1
1152,0
1102,
1051,9
1001,8
951,68
901,60
831,51
801,42
751,33
101,24
651,15
601,06
550,98
500,89
450,80
400,714
350,62
120,53
250,44
200,35
150,27
100,18
S¢,089
0.02000

2160,5
2074,
1987,7
1901,2
1814,8
1728,4
1642,0
1555,6
1469, 1
1382,7
1296,3
1209,9
1123,5
1037,0
950,62
864,20
777,78
591,36
604,94
518,52
432,10
349,68
259,26
172,84
86,820
2.000m0
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PRADUCTION AND TRADE UF PROCESSED MEAT (1¥A8 TUN3)
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PRNDUCTYION AND TRADE OF BEEF (10028 YONS)
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