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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 CWEA 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,r?latively 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 





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 actuai 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 is 
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, studyinq 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 Hcngary (Research Institute for National 
Planning at the Hungarian National Planning Bureau - OT TGI, 
Hungarian Ministry of Food and -4griculture - 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. Kleininqer (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 block, 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. In the elaboration of the model 
we would also like to 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. IIASA, RM-78-11, March 1978. 



1 . OBJECTIVES IN DEVELOPING HAM-1 

HAPI 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 thz 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 ~ethodological 
experiences to the further refinement of ocr model structure 
and to the construction of the final model version through: 

- testing the operation of the whole model system, investi- 
gating alternative methodological solu~tions for some 
of the model modules (e,g. instead of llnear programming, 
using nonlinear optimization), 

- performing the sensitivity analysis of the crucial model 
parameters, 

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

- calculating the impacts of changes within the system 
(e.9. 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 National 
Planning Bureau we i-ntendeti 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 is suitable for investigations co~nected with 
the development of Hungcrian 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 realization, the considerations 
for a faster growth, the expected labor outflow from 
agriculture, and the feasibi1.ity of the goals may 
be analyzed. 

- HAM is suitable for studying the adjustments and 
rcactions of the Hungarian food and agriculture 
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 econorni-c management 
system, since the model can analyze the efficiency 
of policy instruments, the impact of the new instruments, 
and areas of additional control requirements. 



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 FW-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 comrncdity, 

- 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 generzl des- 
cription of HAM structure (see FW-78-11) the aggregated and 
simplified features of HAM-1 mean the following: 

- HAM-1 has a rather aggregated commodity coverage (see 
Point 2. I), 

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

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

- in some cases (e.g. savings function) less so2histicated 
mathenatical formulation is applied, 

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

- no separate CMEA market is considered. 

2.1 Commoditv Covera~e 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 allawed 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 

HAPI-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 Planninq 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 
autline. 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 econony is modelled (Module P-1) by a Cobb- 
Douglas type production function as follows: 

= 290.3 (LAN (t))0.3 

* 
Figure 2, 3 and 4 have been designed by Prof. Ferenc Rabar. 
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where: 
(t) 

'n is the production of the rest of the economy 
in period (t); 

L A N ( ~ )  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 ~igure 3) and a relatively wide range of input factors are 
considered as is 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 biological 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- 
gramning model has 15 c3lxrnns and 19 r m g  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 B1,ock 

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 required 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. 



The savings of the population is calculated based on a 
savings function determined empirically by S. Meszaros as 
follows: 

 SAP(^) = (0.0175 + 0.005t) INCPO'~) + 0.007 SAT (t-1) 

where: 

SAP (t) are the new savings of population in period (t); 

SAT (t-1) are the total income of population in 
period (t) ; 

INCOP(t) are the total savings at the end of period 
(t-I) . 

2.2.3.1 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: 

(t) CpE(t) 
P : 

where: 

CPi (t) = per czpita demand for commodity i in period (t); 

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

p ~ ( ~ )  = consumer price of commodity i in period (ti. 

The pi (t) 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 ap~lication to consumers' 
expenditures in the Netherlands 1949-1959." Statischtischen 
Studien vom 13 October 1962, des Statischtisches CentralbUros 
Den Haag. 



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

where: 

ci, 
ai are parameters related to commodity i 

and therefore 

Based on time series of CP i (') , p ~ ' ~ )  and CPE (t) (Appendix 1) 

the ai and ci 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 svstem used in HAM-1 

Commodity 

1. Wheat 

2. Sugar 

3. Pork 

4. Processed meat 

5. Beef 

6. Nth Product 

'i 

465,570 

2,929 

240,550 

191,000 

19,463 

6,138 

a i 

0,47800 

0,00535 

0,57560 

0,62140 

0,13200 

-0,24500 



and 

(t) 
'i is expressing the share of commoditv i 

in total consumer expenditures in period (t). 

Table No. 3  shows the estimated values of ci and ai. 

2 . 2 . 3 . 2  Exchanae 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 eauilibrium 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 subiects of further adjustment. 
The non-committed demand for a specific commodity consists 
of various elements; therefore let q express the h-th type ih 
of demand for commodity i. To reach a solution first we 
define a target level of the h-th demand of commodity i 

(t) ) and introduce a vector h which indicates the extent (qih 
to which the target (qih (t)) is realized. Obviously the 

realization levels are constrained between two bounds: 



Let us assume, that 

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

W 

Pi = world market price of commodity i; 

k = preliminary fixed balance of foreign trade. 

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

and 

and 

Q is a matrix of non-committed demands. 

During the solution procedure a strict preference ordering 
of various types of demands is followed. In 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 X is easily programmed. It is worthwhile to consider 
1 as initial value of Xi. It is obvious that in case the 
target is realised, Xi 1 and always * < 1 ,  Xi** > 1 .  i 

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 follows: 

(t) 
- = supply after deduction of demand related to 

committed expenditures. 

(t) (t-1) 
Yc = S, 

(t) + PFP, 

+ ME PI'^) +  TINS'^) + TINP (t) + TINN (t) I 



where: 

(t) SPAi is the output of socialist agriculture 
from commodity i in period (t) ; 

(t ) 
PFfi 

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

(tj PFPf is the output of food processing from 
commodity f in period ' (t) ; 

(t) 
Pn 

is the production of the rest of the 
economy in period (t) ; 

a p (t) f i is a coefficient expressing the use of the 
i-th commodity in food processing; 

a n(t) is a coefficient expressing the use of the 
nn products of the rest of the economy within 

the rest of the economy; 

?.lESI(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 : 

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

Q - = non-committed demand 

(t) a 3 0 C? TC \t) i (agricultural C! Si i 
commodities) 

(t) 0 0 0 0 (t ) f (processed food O Sf TC f 
commodities) 

n (rest of the s ( ~ )  0 IIGPE'~) IIDGINA 
(t) 

n 
IIGINN TCn 

economv) 



(t) Si I I are stocks in period (t) ; 

(t) (t) 
TCi , TCf , TCn (t) = total consumption of population 

from the various colnmodities; 

GPE (t) are government public expenditures in period 
(t) ; 

DGINA'~) are direct government investments in food 
and agriculture in period (t) ; 

GINN (t) are government investments in the rest of 
the economy; 

pr (t) 
Pn is the producer price of the nth corrnodity 

in period (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 adjustmefit of agricultural and processed food 
commodities; 

- modification of government public ex.penditures; 
- 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. 



The t a r g e t  v a l u e s  o f  Q m a t r i x  e lements  a r e  a s  fo l lows :  - 
- i n  c a s e  of  s t o c k s  t h e  government p l a n  t a r g e t s  c a l c u l a t e d  

i n  GM-P-3 Module a r e  used a s  t a r g e t s  i n  Module CT-3 

sAt) ' ( t a r g e t )  = PS ( t )  

( t ) '  ( t a r g e t )  = PS ( t )  
'i i 

sLt) ' ( t a r g e t )  = PS, ( t )  

- t h e  t a r g e t  va lue  o f  GPE ( t )  i s  c a l c u l a t e d  i n  CT-1 Module 
a s :  

where : 
( t i s  t h e  c o e f f i c i e n t  of  t h e  t r e n d  of  d e s i r e d  

i n c r e a s e  i n  p u b l i c  expend i tu r e s .  

- a s  t h e  t a r g e t  v a l u e  of  d i r e c t  government inves tments  i n  

food and a g r i c u l t u r e  t h e  va lue  of PDGINA ( t )  (p lanned d i r e c t  
government inves tments  i n  food and a g r i c u l t u r e )  a s  determined 
i n  Module GM-P-3 i s  used. The t a r g e t  va lue  of  G I N N ( ~ )  i s  c a l s u l a t e d  

based on t h e  va lue  o f  PAFN ( t )  (p lanned c a p i t a l  accumulat ion 
of  t h e  rest  o f  t h e  economy) determined i n  Moduie Gfl-P-1 and - 
IFEAN ( t )  ( f i r m ' s  inves tment  fund i n  t h e  res t  of  t h e  economy) 
i n  module CT-1 a s :  

- IFEAN ( t )  

( t )  - a s  t a r g e t s  on p r i v a t e  consumption, t h e  v a l u e s  o f  TCn , 
( t)  

TC, , TC!~) r e l a t e d  t o  consumer p r i c e s  f i x e d  f o r  t h e  g iven  
I L 

p e r i o d  a r e  used.  

A* and A** e x p r e s s  t h e  e x t e n t  o f - a l l o w e d  d e v i a t i o n  from 
t a r g e t  l e v e l s .  For t h e  v a r i o u s  e lements  o f  Q d i f f e r e n t  A* 
A** a r e  g iven ,  e x p r e s s i n g  t h e  government o b j e c t i v e s  and p o l i c i e s  
i n  demand ad jus tment .  Tab le  4 c o n t a i n s  A* and A** v e c t o r s  o f  
HAM-1.  Ac tua l l y  t h r e e  sets o f  A* and A** a r e  used i n  HAM-1 
when t h e  e x t e n t  o f  p o s s i b l e  ad jus tment  i s  i n c r e a s e d  con t inuous ly  
going from t h e  f i r s t  se t  t o  t h e  t h i r d  one.  Using t h e  a lgo r i t hm 
mentioned above ,vec to r  X i s  determined and w e  g e t  t h e  f i n a l  
v a l u e s  o f  v a r i a b l e s  i nc luded  i n  m a t r i x  Q a s :  
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A *  and A * *  used in HAM-1 

I I 
A *  and A * *  I A * I A * *  i 

TC:" , TC, 

re la ted t o  

GINN ( t, = A5GINN ( t )  ' 

2 3 



If h6 and h7 f 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 populat.ion. 

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 nzxt yeriod. 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 cornwarison 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 
Hungarian Central Statistical Bureau. In JiW!1-1 only plow- 
land is considered and some annual decrease of total land 
is projected as: 

LS(~' is the total available plowland in period (t) . 



U N l T  WAGES ARE 
INCREASED AS GROWTH 
OF NNP A N D  CHANGE OF 

INCREASED AS 
GROWTH OF NNP 

FIGURE 6 

Revision of Basic Policy Variables 
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NO 

INCOME T A X  RATE 
INCREASED 
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INCOME T A X  RATE 

NOT MODIFIED 

FIGURE 7 

Revisian of the Desired Share of Food and Agriculture 

in Total Investment and Income Tax Rate 
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FIGURE 8 

R e v i s i o n  of D o m e s t i c  Prices 



Table 5 

Initial Values and Updating of Physical Resources* 

I I I 

1000 440 Rs!~)= 0.86R~!~-~)+ RIs!~-') Tractors 
I I I head 

Resource 

- ~ 

Addltlonal 1 mill. 30000 (t-1) (t-l)+ RIS2  RE^^) = 0. 87RS2 
Equipment pieces 

Initial 
(0) value (RSi 

0 
RP i) 

Unit 

Cattle 1000 3000 (t)= 0.97RS4 (t-l)+ RIS (t-1) 

barns head RS 4 4 

Updating 

50000 
(t-1) Other fixed 1 mill. (t)= 0.95RS:t-1)+ RIS5 RS 5 assets pieces 

H.Ft - - - - - - - - - - - - -  - - - - - - - -  
Sugar pro- 1000 3600 Rplti= o - 9 5 ~ ~ ~  (t-l) + RIP (t-1) 
cessing m.t. 
plants 

Slaughter- 1000 2000 (t-1) (t)= 0.95W2 (t-1) 
RP 2 

+ RIP2 
ing capa- m.t. 
city 

Meat pro- 1000 300 R P ~ ~ ) =  0 .95RP3 (t-1) (+I)+ RIPj 
cessinq m.t. 
plants 

I n  agricultural production the fixed assets are represented 
by five ~ V D ~ S .  In food nrocessinrr thrpp )3a.qic 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 ln food processing, slmply the parameters of P-5 are 
used I n  GM-P-3 module. In case of agrizultural production the 
GP-P- I llnear programving model parameters are determined based 
on the nrevious year P-3 module. Table 6 contains a section 

* (t) 
XIS. 1 , RIPi (t) are increase of physical resources by new 
~nvestments in period (t) . 



of GM-P-3 model and in Table 9 ,  the related part of the previous 
year's P-3 module is shown. The GM-P-3 module's parameters are 
calculated as: 

are similarly calculated 
1 
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Gl4-P-3 Module C o e f f i c i e n t s  D e t e r m i n e d  B a s e d  o n  P-3 

Module 

C o l u m n s  
C o r n  

P r o d u c t i o n  
Sugar- 
beet 
prod. 

PP 1  PP2 PP3  Pp4 PP5 

2  3  4 5  6  

e42  e 4 3  e44 

e 
5 2  

e 5 3  e 5 4  

e 
6 5  

e 
7 6  

e 
8 2  

e 
8 3  

e 
8 4  

2 . 2  e 
1 2 . 3  e12 .4  e 

1 2 . 5  
e 

1 2 . 6  

e 1 4 . 2  e 1 4 . 3  e 1 4 .  d 

1  
-E4 -E 

5  

4  T r a c t o r  

5  O t h e r  

1 Equipment 

l 6  Pig barns 
7 C a t t l e  

b a r n s  

: E  O t h e r  
f ixed  
assets I 

C a t t l e  
P r o d u c t i o n  

W h e a t  
P r o d u c t i o n  

I 

) 
I 

P i g  
P r o d u c t .  

' 1 2  L a b o u r  

1 4  L a n d  

3 0  C o r n  
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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: 

- future technolcgy : 

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

zit) (sugarbeet) 

z ( ~ '  (corn) 
2 

(t) (wheat) (t-1 j 
3 

= Z3 + 0,91875 (z:O) = 0.3) 

zit) (pork) = Z4 (t-1) + 0,035 (zi0) = 0.3) 

(t) (cattle) (t-1) 
z5 

= Z5 + 0,040 = 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 HPJI-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 
IIASA's PDP 11/45 and the Hungarian Planning Bureau's ICL - 
System 4/70 computers. 





The computer  program o f  HAM-1 c o n s i s t s  o f  f o u r  subprograms:  

- LOAD: i s  u s e d  t o  change  model p a r a m e t e r s ,  t o  d e t e r m i n e  
t h e  l e n g t h  o f  r u n s  and t o  s t a r t  w i t h  t h e  program. 

- M A I N :  e x e c u t e s  t h e  s o l u t i o n  o f  GM-P, GM-A, P ,  and  UD 
Blocks  o f  model.. 

- CONSUM: i s  d e v o t e d  - to  t h e  s o l u t i o n  o f  Consumption and 
Trade  B lock .  

- TAB: r o l e  i s  t o  s t o r e  s e l e c t e d  v a r i a b l e s  a f t e r  e a c h  - 
s i m u l a t e d  y e a r  and t o  p r e p a r e  t h e  o u t p u t s  i n -  
c l u d i n g  t i m e  ser ies  f o r  t h e  whole  s i m u l a t e d  
p e r i c d .  

A t  t h e  end  o f  c o m p u t a t i o n  d i f f e r e n t  t y p e s  o f  o u t p u t  c a n  b e  
p r i n t e d  o u t .  The o u t p u t  s y s t e m  o f  HAM-1 c o n s i s t s  o f  t h r e e  m a j o r  
e i e m e n t s :  

1 .  Annual R e s u l t s  which  s e r v e  t h e  a n a l y s i s  o f  t i m e  p e r i o d s  
c o n t a i n i n g  v e r y  d e t a i l e d  r e s u l t s  011 e a c h  s i m u l a t e d  y e a r  and on  
e a c h  module o f -  t h e  model i n c l u d i n g  t h e  upda.ted model c o e f f i c i e n t s .  

2 .  Surrrnary o f  R e s u l t s  c o v e r s  t i m e  ser ies  o f  t h e  most  impor- 
t a c t  i n d i c a t o r s  making t h e  g l o b a l  a n a l y s i s  o f  t h e  v a r i o u s  r u n s  

3 .  P l o t t e r  O u t p u t  -- can  b e  p r e p a r e d  on  t h e  most  i m p o r t a n t  
t i m e  ser ies  v i s u a l i z i n g  t r e n d s ,  t e n d e n c i e s  p r o j e c t e d  by HAPI-I, 
2nd h e l p i n g  i n  t h e  compar i son  o f  v a r i o u s  r u n s .  

The Summary o f  R e s u l t s  i s  t h e  mos t  u s e f u l  t y p e  o f  o u t p u t ,  
and  i n  most  c a s e s  t h e  i n f o r m a t i o n  needs  on t i l e  i n d i . v i d u a 1  r u n s  
c a n  b e  s a t i s f i e d  b a s e d  c n  i t .  Of c o u r s e  t h e  more d e t a i l e d  
a n a l y s i s  o r  debugg ing  can  riot b e  done  w i t h o u t  t h e  Annual  R e s u l t s .  
TkLe S~mmary  o f  R e s u l t s  i s  s t r u c t u r e d  a c c o r d i n g  t o  8 t a b l e s ,  
namely: 

1 .  Commodity Coverage :  l i s t  o f  commodi t ies  

2 .  G e n e r a l  I n d i c a t o r s :  g e n e r a l  i n d i c a t o r s  o f  p r o d u c t i o n ,  
f o r e i g n  t r a d e ,  i n v e s t m e n t ,  i n c o n e  deve lcpmen t  on c u r r e n t  and 
f i x e d - p r i c e s  f o r  =he whole  s i m u l a t e d  p e r i o d  and i n d e x e s  o f  t h e  
deve lopmen t .  

3 .  Dynamics of P r o d u c t i o n  and T r a d e :  p l a n n e d  and a c t u a l  
p r o d u c t i o n ,  e x p o r t  o r  i m p o r t  o f  i n d i v i d u a l  ~ o m ~ o d i t i e s  i n  
p h y s i c a l  u n i t s .  

4 .  Dynamics o f  p e r  Ca .p i t a  Consumption:  p r i v a t e  consumpt ion  
by commodi t ies  i n  v a l u e .  

5 .  Dynamics o f  I n v e s t m e n t s  : inves t r r len ts  i n  p h y s i c a l  u n i t s  
by- t y p e s  o f  i n v e s t m e n t s  and  s h z r e  o f  t h e  res t  o f  t h e  economy 
i n  t o t a l  i n v e s t m e n t  fund  f o r  e a c h  y e a r .  



6 .  Dynamics o f  P r i c e s :  p r o d u c e r  consumer and w o r l d  marke t  
p r i c e s o f  c o r n m o d i t i ~ s ,  p r o d u c e r  and  c o n s u n e r  p r i c e  i n d e x e s .  

7 .  R e s o u r c e s  and P r o d u c t i o n  S t r u c t u r e :  -- main p h y s i c a l  r e s o u r c e s ,  
p r , o d u c t i o n  s t r u c t u r e  i n  p h y s i c a l  u n i t s  and s t r u c t u r e  o f  t h e  g r o s s  
p r o d u c t i o n  v a l u e  o f  food  and a g r i c u l t u r e  f o r  e a c h  o r  f o r  t h e  
d e s i r e d  - e . g .  f i r s t  and  l a s t  - s i m u l a t e d  y e a r s .  

One c o m p l e t e  s e t  o f  Eumrr~ary o f  R e s u l t s  t a b l e s  c a n  b e  s e e n  
i n  Appendix 5 .  F i g u r e  9 shows t h e  s t r u c t u r e  o f  HAPI-1's o u t p u t  
sys te in .  

.- 
EXPERIMENTS \JITH - HAM- 1 

To r e a l i z e  o u r  o b j e c t i v e s  w i t h  HAM-1 a s  t h e y  a r e  s t a t e d  u n d e r  
p o i n t  1 ,  ncmerous r u n s  o f  HAM-1 have  been  e x e c u t e d .  These  r u n s  
r e ~ r e s e n t  t h r e e  t y p e s  o f  i n v e s t i g a t i o n s ,  namely:  

- t e s t i n g  t h e  o p e r a t i o n  o f  t h e  whole  s y s t e m ,  i n v e s t i g a t i o n  
o f  t h e  m o d e l ' s  r e l a t i o n  t o  r e a l i t y ;  

- s t u d y i n g  t h e  i m p a c t s  o f  c h a n g e s  i n  e x t e r n a l  c o n d i t i o n s ;  

- i n v e s t i g a t i n g  how t h e  s y s t e m  r e a c t s  on m o d i f i c a t i o n s  
w i t h i n  t h e  model .  

The l a r g e r  nurrlber o f  r u n s  b e l o n g  t o  t h e  f i r s t  t y p e  o f  t h e  
above  men t ioned  t h r e e  p o i r t s .  Some o f  them s e r v e d  s i m p l y  
debugg ing  p u r p o s e s .  I n  o t h e r  c a s e s  t h e  s e n s i t i v i t y  o f  t h e  
c r u c i a l  p a r a m e t e r s  have  been  i n v e s t i q a t e d .  F i n a l l y  s e v e r a l  
r u n s  have  been  r e q u i r e d  t o  t es t  o u r  a s s u m p t i o n s  on v a r i o u s  
d e c i s i o n  making p r o c e d u r e s .  These  r u n s  l e d  u s  t 3  t h e  s o - c a l l e d  
b a s i c  v a r i a n t  o f  H A M - 1 ,  wh i sh  c a n  b e  c ~ n s i d e r e d  a s  t h e  mos t  
a p p r o p r i a t e  d e s c r i p t i o n  c f  t h e  p r e s e n t  Hunga r i an  f o o d  and  
a g r i z u l t u r a l  s y s t e m  o b v i o u s l y  on  t h e  a g g r e g a t i o n  leve l .  and 
a c c e p t i n g  t h e  m e t h o d o l o g i c a l  framework o f  HAM-1. The Summary 
o f  R e s u l t s  o f  t h e  b a s i c  v a r i a n t  i s  shown i n  Appendix 5 .  

NOW w e  p r e s e n t  some o f  t h e  r e s u 1 . t ~  o f  t h e  c o m p u t a t i o n ,  
f i r s t  o f  a l l  t o  r e a l i z e  o u r  t n i r d  o b j e c t i v e s  - t o  p r o v e  t h a t  t h e  
HAM model s t r u c t u r e  i s  s u i t a b l e  f o r  p r o v i d i n g  u s e f u l  i n 5 o r m a t i o n  
f o r  d e c i s i o n  making and  p o l i c y  a n a l y s i s .  I n  o u r  a n a l y s i s  t h e  
r e s u l t s  o f  t w e l v e  i n d e p e n d e n t  r u n s  a r a  u sed  and  compared.  
These  model v a r i a n t s  a r e  a s  f o l l o w s :  

B a s i c  model v a r i a n t ,  a s  e x p l a i n e d  above .  

1. T J a r i a n t :  w e  assume & t h r e e  y e a r  p r i c e  c y c l e  o f  c o r n  
on  t h e  w o r l d  m a r k e t .  

2 .  V a r i a n t :  w e  assume a  two y e a r  p r i c e  c y c l e  o f  c o r n  
on  t h e  w o r l d  m a r k e t .  

3 .  V a r i a n t :  t h e  w o r l d  m a r k s t  p r i c e s  o f  a l l  f ood  and  a g r i -  
c u l t u r a l  commodi t i e s  o f  HAM-1 a . re  c h a n g i n g  y e a r  by y e a r .  
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4. 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: 40% 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 zi (~pper limit of the 

applicatio~ of the advancsd tecnnology) is increased. 

11. Variant: as Varianc 10 allowing also a faster full 
substitution of t.raditioria1 technologies. 

12. Variant: as Basic Variant assurcing 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 or 700% 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 
se1.f-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 assumpt.ions on the system are changed (model structure 
is modified) . 

In Figures ?0,11 and 12, the impacts of various government 
policies and 'external -- conditionson - the development -- of the 
who1e'~ungarian food and agricultual production are shown as 
computed by HA%-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 significantl;? 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 production growth. In 
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 directi~n of commodities with 
most favorable production indicators. The use of world market 
prices as,prodccer 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. 



I n  F i g u r e  12 where t.he B a s i c  V a r i a n t  i s  compared w i t h  
V a r i a n t  12 ,  w e  can  see t h e  i m p a c t s  o f  t h e  usage  o f  f u l l y  f i x e d  
d o m e s t i c  p r i c e s  on t h e  deve lopment  o f  food  and a g r i c u l t u r e .  

The i m p a c t s  o f  v a r i o u s  government  p o l i c i e s  on t h e  p r o j e c t e d  
~ o s i t i v e  b a l a n c e  o f  payment o f  food  and a a r i c u l t u r e  and o t h e r  
g e n e r a l  pe r fo rmance  i n 2 i c a t o r s  o f  t h e  s y s t e m  may a l s o  b e  a n a l y s e d .  
F i q u r e  13 shows t h e  b a l a n c e  o f  payment  s i t l - l a t i o n  a t  t h r e e  model - - - 
v a r i a n t s  - B a s i c  V a r i a n t ,  V a r i a n t s  4 and  1 4 .  I t  i s  o b v i o u s  
t h a t  V a r i a n t  4 i s  t h e  f i r s t  f rom t h i s  p o i n t  o f  view.  But  t h e  
r e s u l t s  a l s o  i n d i c a t e s  t h a t  a  b a s i c  m o d i f i c a t i o n  o f  p r o d u c e r  
p r i c e  sys t em -- s h i f t  t o  w o r l d  marke t  p r i c e s  -- may c a u s e  
s e r i o u s  d i f f i c u l t i e s  w i t h i n  t h e  sys t em d u r i n g  t h e  f i r s t  few 
y e a r s .  The same f a c t  i s  proved  by V a r i a n t  5 ,  when w e  were 
n o t  a b l e  t o  g e t  a  f e a s i b l e  s o l u t i o n  i n d i c a t i n g  t h a t  a  d r a s t i c  
p r o d u c e r  p r i c e  change  r e q u i r e s  t h e  m o d i f i c a t i o n s  o f  o t h e r  s y s t e m ' s  
e l e m e n t s  t o o .  Of c o u r s e  a l l  o t h e r  per formance  i n d i c a t o r s  o f  t h e  
sys t em c a n  be  a n a i y z e d  i n  a  s i m i l a r  way. 

F i g u r e  1 4  p r e s e n t s  t h e  s t r u c t u r e  o f  food  and a g r i c u l t u r a l  
p r g d u c t i o n  a t  t h e  end  o f  mode l l ed  p l a n n i n g  h o r i z o n  a s  computed 
by v a r i o u s  model v a r i a n t s  i n  a  compar ison  w i t h  p r e s e n t  s t r u c t u r e .  
Obv ious ly  t h e  a p p l i c a t i o n  o f  d i f f e r e n t  gcvernment  p o l i c i e s  l e a d s  
u s  t o  d i f f e r e n t  p roduc t . i on  s t r u c t u r e s  and  t h e  s t r u c t u r e  i s  
a l s o  i n f l u e n c e d  by chang ing  e x t e r n a l  c o n d i t i o n s  e s p e c i a l l y  by 
t h e  wor ld  marke t  p r i c e s .  The main c o n c l u s i o n  o f  F i g u r e  1 4  i s  
tk ,a t  a  more s p e c i a l i z e d  s t r u c t u r e  o f  food  and  a g r i c u l t u r e  i s  
d e s i r a b l e  f rom a n  economic p o i n t  o f  view.  With v a r i o u s  a s s u r p t i o n s  
a  l a r g e  number o f  p o s s i b l e  s t r u c t u r a l  deve lopment  c a n  be  computed 
and by u s i n g  t h i s  i n f o r m a t i o n  t h e r e  i s  no d o u b t  t h a t  a  model l i k e  
HAM-1 c a n  b e  a  v2 ry  u s e f u l  t o o l  i n  s t r u c t u r a l  d e c i s i o n  making. 

The d e s c r i p t i v e  c h a r a c t e r  o f  EMl's s t r u c t u r e  e n a b l e s  t h e  
i n v e s t i g a t i o n  --- o f  t h e  e f f i c i e n c y  o f  t h e  whcle  economic management 
sys t em a s  w e l l  a s  t h e  i n d i v i d u a l  i n s t r u m e n t s .  I n  F i g u r e  15 t h e  
exanlple o f  c o r n  shows how t h e  z c t u a l  p r o d u c t i o n  i s  r e l a t e d  t o  
government  p l a n  t a r g e t s .  F i g u r e  16 i l l u s t r a t e s  v e r y  c l e a r l y  
how t h e  wor ld  marke t  p r i c e s  i n f l u e n c e  t h e  p r o d u c t i o n  i n  t h e  m o d e l l e d  
sys t em.  The re  i s  a two y e a r  l a g  between wor ld  marke t  p r i c e s  and 
p r o d u c e r ' s  r e a c t i o n s .  



Based on E L !  -- the efficiency of the i~dividual polic 
instruments of the government -- may also-be analyzed. Vayiant 
4,5 and 12,13 represent such situations where the domestic 
pricing mechanism is modified. Or1 Figure 11,12 and 13 the 
impacts of th2se changes on the overall growth and balance of 
payment situaticns are clearly visible. 

Based on the HAM model structure, a wide range of investi- 
gations can be done in connection dith 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-I is efficient in the 
case of two-year price cyzles (Variant 2). The domestic 
production goes up when the inter~ational market conditions 
sre the most fav~rahle, and down parallel with world market 
prices. It is also possible to quantify the extent of price 
reaction of the individual commodities. 

The producti-on module of Hm all~ws us to carry on various 
investigations in relatim to the technological development of 
food and agriculture. Variant 12 and 13 represent some examples 
of these kind of investigations. In Figure 17, the share of 
advanced technology in total production is shown in the case 
of susar beet and corn at the Basic Variant. The investment 

2 

programs associated with various government pclicies obviously 
can also be anaiyzed. 

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

The interrelation between indirect and drain effec.ts --- 
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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T h i s  e v e n t  can  b e  e x p l a i n e d  based on comparisons w i t h  t h e  develop-  
ments  i n  s u g a r b e e t  p r o d u c t i o n .  The s u g a r b e e t  p r o d u c t i o n  d e c r e a s e d  
v e r y  s h a r p l y  from y s a r  5 t o  6 and t h i s  c r o p  i s  p a r t l y  r e p l a c e d  
by t h e  more p r o f i t a b l e  wheat .  T h i s  i n c r e a s e  i s  n o t  d e s i r e d  by 
t h e  n a t i o n a l  p l a n ,  t h e r e f o r e  p roducer  p r i c e s  a r e  modi f i ed  and 
wheat l o s e s  i t s  c o m p e t i t i v e n e s s .  

5 .  CONCLUSIONS 

On t h e  whole w e  f e e l  t h a t  t h e  development of  HAM-1 h a s  been 
a  v e r y  u s e f u l  s t e p  i n  o u r  work towards  t h e  f i n a l  v e r s i o n  o f  
HAM. W e  b e l i e v e  t h a t  t h e  r e s u l t s  of  v a r i o u s  r u n s  of  HAM-1 a r e  
r a t h e r  p romis ing .  They have s u p p o r t e d  t h e  a p p r o p r i a t e n e s s  of  
our  approach and prove  t h a t  t h e  HAM model s t r u c t u r e  r e a l l y  can  
c o n t r i b u t e  t o  t.he f u r t h e r  development of  p l a n n i n g  t e c h n i q u e s  
and a c t u a l  d e c i s i o n  making a s  w e l l .  BAM-1 has  a l s o  l e d  u s  t o  
s e v e r a l  me thodo log ica l  c o n c l u s i o n s  t h a t  a r e  v e r y  i m p o r t a n t  f o r  
t h e  f u r t h e r  ref inemen. t  of  t h e  model. The most i m p o r t a n t  ones  
a r e  a s  f o l l o w :  

- A r e l a t i v e l y  a g g r e g a t e d  commodity coverage  a s  i n  t h e  c a s e  
o f  HAM-1,  i s  a l s o  s u i t a b l e  f o r  ve ry  v a l u a b l e  i n v e s t i g a t i o n s ,  and above 
a  r e l a t i v e l y  moderz te  l e v e 1 , t h e  d i s a y g r ~ g z t i o n  does  n o t  improve 
t h e  q u a n t i t y  of  i n f o r m a t i o n  g e n e r a t e d  by macro-models. There- 
f o r e  c o n t r a r y  t o  o u r  o r i g i n a l  p l a n s ,  t h e  coinmodity a g g r e g a t i o n  
c f  t h e  f i n a l  v e r s i o n  of HAM w i l l  f o l l o w  t h e  commodity l i s t  of  
FAP a t  IIASA having n o t  more t h a n  10 - 15 a d d i t i o n a l  commadit ies .  

- The GM-A model d e s c r i b i n g  t h e  p o i i c y  i n s t r u m e n t  r e v i s i n g  
a c t i v i t y  of  t h e  government i s  t h e  c r u c i a l  p a r t  of  t h e  model from 
t h e  p o i n t  ov  view of  f u r k h e r  r e f i n e m e n t .  F u r t h e r  i n v e s t i g a t i o n s  
a r e  r e q u i r e d  t o  a n a l y s e  t h e  p r e s e n t  p r a c t i c e  and e s p e c i a l l y  t h e  
p r i c i n g  mechanism b u i l t  i n  t h e  model h a s  t o  be r e v i s e d .  

- The use  of  l i n e a r  programming i n  t h r e e  modules h a s  caused 
less d i f f i c u l t i e s  t h a n  w e  expec ted .  I n  s p i t e  of t h i s  f a c t  w e  
w i l l  t r y  t o  s u b s t i t u t e  t h e  l i n e a r  p r ~ g r a m m i n g  model of  a g r i c u l -  
t u r a l  p roducer  d e c i s i o n s  w i t h  a  more s o p h i s t i c a t e d  n o n l i n e a r  
programming approach.  The s t r u c t u r e  o f  t h e  remaining L-P's  w i l l  
a l s o  b e  f u r t h e r  developed based on t h e  HAII-1. 

- More a t t e n t i o n  h a s  t o  be g iven  t o  t h e  clynamic f e a t u r e s  o f  
a g r i c u l t u r a l  i n v e s t m e n t s .  The approach o f  HAM-1, i n c l u d i n g  
t h e s e  d e c i s i o n s  i n  p r o d u c t i o n  models i s  n c t  f u l l y  s a t i s f a c t o r y  
f o r  some of  t h e  i n v e s t m e n t s  (e.  g.  developmefit. of  animal  husbandry)  . 
The a p p l i c a t i o n  of  a  s e p a r z t e  m u l t i - s t a g e  model f o r  inves tment  
d e c i s i o n s  seems t o  be  t h e  d e s i r e d  s o l u t i o n .  

- The en la rgement  o f  t h e  model s i z e  r e q u i r e s  a w e l l  des igned  
d a t a  c o l l e c t i n g  sys tem,  b u t  w e  have t o  be  aware of  t h e  f a c t  t h a t  
because  of i n s u f f i c i e n t  i n f a r m a t i o n  some o f  t h e  p a r a m e t e r s  c a n n o t  



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 f ~ r  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 tne 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 model version (HAM-2) with more 
disaggregated commodity ccverage(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 (~f) 

of commodities ased to estimate the utility function of AAM-1 

Y a a f  Beef 

4 

Sugslr 

C 

P3' x 3 

Y w  Rest of the economy 

1960 1295.46 279.19 4.64 359.94 33.73 10.67 1126.45 42.97 21.61 

1961 1341.57 286.66 4.68 384.98 36.05 10.68 ll34.68 52.29 21.70 

1962 1405.17 299.61 4.69 397.73 37.21 10.69 1126.64 52.60 21.42 

1%3 1.388.56 295.44 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 4.74 966.48 43.56 10.71 1496.59 48.92 30.59 

1968 1629.24 342.28 4.76 468.13 47.a~ 9.79 1512 -05 50.31 
I 

1969 1640.38 347.54 4.72 498.98 50.81 9.82 1589.21 5:. 31 30.05 29.81 I 
1970 1691.92 357.70 4.73 531.68 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 

1972 1817.75 384.30 4.73 6G2.37 60.30 9.99 1683.87 56.45 29-71 29.83 1 
1973 1947.03 407.32 4.78 654.96 65.37 10.02 1903.90 62.28 30.57 

1974 1967.48 410.65 4.79 681.53 68.09 10.01 1957.73 65 -28 29.99 

1975 1976.05 412.54 4.79 743.20 72.37 10.27 2049.93 67.19 3C. 51 

Wheat 

Proceeeed Heat 

P6' C X 6 

1960 885.39 34.07 25.94 E28.32 13.6 46.2 7271.44 7271.44 1000.0 1 

P f C 

P2' x 2 x3 

P;, X5 

Pork 

1961 909.32 34.29 26.52 543.90 13.7 47.0 7321.55 7304.75 1002.3 

1962 907.22 32.39 18-01 702.26 14.6 48.1 7705.98 7372.07 1304 -6 

1963 938.29 33.08 28.36 683.02 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 1018.2 

1%5 1012.68 35.40 28.61 775.71 15.3 50.7 8948.92 8729.80 J.025.1 

1966 1061.64 29.17 36.40 774.04 14.8 82.3 9668.75 9386.224 i030.1 

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.a 

1970 1198.48 31.35 38.23 1031.90 17.0 60.7 12994.75 12351.25 1057.1 

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.e3 39.03 1326.64 20.6 64.4 16418.- 13953.80 1176.6 

1974 1378.52 35.50 38.83 1449.70 21.8 66.5 17974.95 14834.50 121i.7 

1975 1465.39 37.45 39.13 1603.20 24.0 66.8 19558.13 15522.32 1260.0 

P f *2 PS PC,. X1 

'6 

1 

xl 

'6 
P f =5 ~f # x4 p ; X4 



L i n e a r  Programming Model f o r  F i x i n g  Government T a r g e t s  f o r  Food 
and A g r i c u l t u r e  (GM-P-3) Module. 

( A )  L i s t  o f  Columns -- Uni t  

1 .  R igh t  hand s i d e  

2 .  P r o d u c t i o n  o f  s u q a r b e e t  

3 .  P r o d u c t i o n  of c o r n  

I .  P r o d u c t i o n  of  wheat 

5.  P i g  p r o d u c t i o n  

5. C a t t l e  p r o d u c t i o n  

7.  Sugar p r o d u c t i o n  

8. Pork p r o d u c t i o n  

9 .  Processed  meat p r o d u c t i o n  

10. Beef p r o d u c t i o n  

11.  Expor t  

12.  Expor t  

1 3 .  Expor t  

14.  Expor t  

15 .  Expor t  

16. Expor t  

17. Expor t  

18. Impor t  

19. Import  

20. Impor t  

of c o r n  

of  wheat 

of  c a t t l e  

o f  s u g a r  

of  pork 

of p r o c e s s e d  meat 

of beef 

o f  s u q a r  

o f  pork  

of  bezf  

21. C l o s i n g  s t o c k  of  c o r n  

22. C l o s i n g  s t o c k  of wheat  

23. C l o s i n g  s t o c k  o f  s u g a r  

2 4 .  C l o s i n g  s t o c k  of  pork 

2 5 .  C l o s i n g  s t o c k  o f  p r o c e s s e d  meat 

26. C l o s i n g  s t o c k  of beef  

27. New inves tment  i n  t r a c t o r s  1000 p i e c e s  

28. New inves tment  i n  a d d i t i o n a l  equipment  

24. New inves tment  i n  p i g  b a r n s  

30 .  New inves tment  i n  c a t t l e  b a r n s  

1000 Hung. F t .  

1000 p i e c e s  

1000 p i e c e s  



31. New investment in other fixed assets 

3 2 .  New investment i n  sugar plants 

1000 Hung. Ft. 

1000 Hung. Ft. 

3 3 .  New investment in slaughter-houses 1000 Hung. Ft. 

3 4 .  New investment in meat processi~g 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. - 
Available tractors 

Available additional agricultural equipment 

Available pig barns 

Available cattle barns 

Available other fixed assets 

Available sugar plant capacity 

Available slaughter-house capacity 

Available meat processing plant capacity 

Upper limit of labor use in agriculture 

Upper limit in iabor use of food processing 

Available land 

Upper limit of corn export 

Upper limit cf wheat export 

Upper limit of cattle export 

Upper limit of sugar export 

Upper limit of pork export 

20. Upper limit of processed meat export 

21. Upper linit of beef export 

22. Upper limit of corn st~cks 

23. Upper linit of wheat stocks 

24. Upper limit of sugar stocks 

25. Upper limit of pork stocks 

26. Upper limit of processed meat stccks 

27. Upper limit of beef stocks 

pieces 

Hcng. Ft. 

pieces 

pieces 

Hung. Ft. 

m.t. 

m.t. 

m.t. , 

heazs 

heads 

hectares 

25. Lower bound of corn stocks 

29. Lower bound of wheat stocks 

30. Lower bound of sugar stocks 

31. Lower bound cf pork stocks 



(Appendix 2 cont.) 

3 2 .  Lower bound of processed meat stocks 

33. Lower bound of beef stocks 

3 4 .  Agricultural labor requirements > - 1000 head 
35. Labor requirement of food processi~q - > 1000 head 

36. Lower bound of gross national product of 

food and agriculture - > 1000 n;.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 utiliz~tion balance of pig - - 1000 m.t. 

31. Production utilizzticn balance of cattle - - 1000 m.t. 

4 2 .  Production utilization b3lance of sugar - - 1000 m.t. 

43. Production utilization balance of pork - - 1000 n:t. 

44. Producticn utilization balance of processed - - 1000 1n.t. 

meat 

45. Production utilization balance of Seef - - 1000 m.t. 

( C )  GM-P-3 Model Tables 









Appendix 3  

L i n e a r  Programming Model f o r  Determining - A g r i c u l t u r a l  P r o d u c t i o n  

( P - 3 )  Module. 

( A )  L i s t  o f  Columns U n i t s  

1. R i g h t  hand s i d e  

2 .  S u g a r b e e t  p r o d u c t i o n ,  t r a d i t i o n a l  t echno logy  1000 h e c t a r e s  

3. S u g a r b e e t  p r o d u c t i o n ,  advanced t echno logy  1000 h e c t a r e s  

4 .  Sugarbee t  p r o d u c t i o n ,  i r r i g a t e d  t echno logy  1000 h e c t a r e s  

Corn p r o d u c t i o n ,  t r a d i t i o n a l  t echno logy  

Corn p r o d u c t i o n ,  advanced t echno logy  

Wheat p r o d u c t i o n ,  t r a d i t i o n a l  t echno logy  

Wheat p r o d u c t i o n ,  advanced technology 

P i g  p r o d u c t i o n ,  t r a d i t i o n a l  t echno logy  

P i g  p r o d u c t i o n ,  advanced t echno logy  

C a t t l e  p r o d u c t i o n ,  t r a d i t i o n a l  t echno logy  

C a t t l e  p r o d u c t i o n ,  advanced t echno loqy  

h e c t a r e s  

h e c t a r e s  

h e c t a r e s  

h e c t a r e s  

heads  

heads  

heads  

heads  

13. N e w  i n v e s t m e n t  i n  t r a c t o r s  u s i n g  government 
s u b s i d i e s  1000 p i e c e s  

1 4 .  N e w  inves tment  i n  o t h e r  equipment  u s i n g  govern- 
ment s u b s i d i e s  1000 Hung. F t .  

15. N e w  inves tment  i n  p i g  b a r n s  u s i n g  government 
s u b s i d i e s  1000 heads  

16.  N e w  inves tment  i n  c a t t l e  b a r n s  u s i n g  govern- 
ment s u b s i d i e s  1000 heads  

17. N e w  inves tment  i n  o t h e r  f i x e d  a s s e t s  u s i n g  
government s u b s i d i ~ s  1000 Hung. F t .  

18. N e w  inves tment  i n  t r a c t o r s  o n l y  by e n t e r p r i s e ' s  
own r e s o u r c e s  1000 p i e c e s  

19. New inves tment  i n  o t h e r  equipment  by e n t e r -  
p r i s e ' s  own r e s o u r c e s  1000 Hung. F t .  

20. New inves tment  i n  p i g  b a r n s  by e n t e r p r i s e ' s  
own r e s o u r c e s  1000 head 

21. N e w  i n v e s t m e n t  i n  c a t t l e  b a r n s  by e n t e r p r i s e ' s  
own r e s o u r c e s  1000 head 

22. N e w  inves tment  i n  o t h e r  f i x e d  a s s e t s  by 
e n t e r p r i s e ' s  own r e s o u r c e s  1000 Hung. F t .  



(Appendix 3  cont.) 

(B) List of Rows Relation Unit 

1.  Objectjve function: enterprise's 
net income max 1 0 0 0  Hung. Ft. 

2. Irrigated land 

3. Plowland 

< - 1 0 0 0  hectares 

< - 1 0 0 0  hectares 

4. Upper limit of sugarbeet production - < 1000  hectares 

5.  Upper limit of corn production - < 1 0 0 0  hectares 

6.  Upper limit of wheat production - < 1 0 0 0  hectares 

7. Upper limit for sugarbeet, traditional 
technology - < 1000  hectares 

8. Upper limit for corn, traditional 
technology 1 0 0 0  hectares 

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

10.  Upper limit for pigs, traditional 
technology < - 1 0 0 0  heads 

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

12.  Upper limit for sugarbeet, advanced 
technology - < 1 0 0 0  hectares 

13.  Upper limit for corn,advanced technology - < 1 0 0 0  hectares 

1 4 .  Upper limit for wheat, advanced tech- 
nology - < 1000  hectares 

1 5 .  Upper limit for pigstadvanced technology 1 0 0 0  heads 

16. Upper limit for cattle, advanced 
technology < - 1000  heads 

17.  Use of enterprise's investment funds - < 1 0 0 0  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 .  Traator utilization 

21. Other equipment utilization 

22.  Pig barn utilization 

23 .  Cattle barn utilization 

24.  Other fixed asset utilization 

< - 1000  pieces 

< - 1 0 0 0  pieces 

< - 1000  head 

< - 1 0 0 0  head 
< - 1 0 0 0  Hung. Ft. 

25 .  Upper limit of labor use < 1 0 0 0  heads 
- - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -------------- 

26.  Total labor requirements - - 7 000  heads 

27 .  Sugarbeet utilization balance - - 1000  m.t. 



(Appendix 3 cont.) 

28. Corn utilization balance 

29. Wheat utilization balance 

3 0 .  Pig utilization balance 

3 1 .  Cattle utilization balance 

(C) P-3 Model Tables 









Appendix 4  

Linear Programming Model for Determining Food Processing 

(P-51 Module. 

(Al List of Columns 

1.  Right hand side 

2. Sugar production 

3. Processed meat production 

4. Beef production 

New investment in sugar plant using govern- 
ment subsidies 1000  m.t. 

New investment in slaughter-houses using 
government subsidies 

Pork production 1 0 0 0  m.t. 

New investment in meat processing plants 
using government subsidies 

Pork output 1 0 0 0  m.t. 

Production value of food processing 1 0 0 0  Hung. Ft. 

General production expenses of Food processing 1000  Hung. Ft. 

Labor use in food processing 1 0 0 0  heads 

New investment in sugar plant by enterprise's 
own resources 1 0 0 0  m.t. 

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

15 .  New investment in meat processing plants 
by enterprise's own resources 1 0 0 0  m.t. 

(B) List of Rows Relation Unit 

Objective function: maximum of net income 
of enterprises 1 0 0 0  Hung. Ft. 

1 0 0 0  m.t. 

1 0 0 0  m. t. 

1 0 0 0  head 

1 0 0 0  m.t. 

1 0 0 0  m.t. 

Sugarbeet utilization 

Cattle utilizetion 

Labor utilization 

Sugar plant capacity 

Slaughter-house capacity 

Enterprise's investment funds 
utilization 

Available government subsidy for investment 
in sugar plants - < 1 0 0 0  Hung. Ft. 



(Appendix 4 cont.) 

9. Available government subsidy for 
investment in meat industry 

10. Meat processing capacity 

< - 1000 Hung. Ft. 

< - 1000 m.t. 

1 1 .  Lower bound of sugar production - > 1000 m.t. 

12. Lower bound of pork production - > 1000 m.t. 

13. Lower bound of processed meat production 2 1000 m.t. 

14. Lower bound of beef production - > 1000 m.t. 

15. Pig utilization balance - - 1000 m.t. 

16. Pork utilization balance - - 1000 m.t. 

17. Determination of gross production - - 1000 m.t. 

18. Determination of general management and - - 1000 Hung. Ft. 
overhead expenses 

19. Total labor use for food processing - - 1000 heads 

( C )  P-5 Model Tables 







A p p e n d i x  5 

HUNGARIAN AGRICULTURAL MODEL 

SUMMARY OF RESULTS 
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u 0 

a C 
- l a 2  
6 u 
x m x  
w V ) a  
Z C 2  
















































