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FORE WORD 

Understanding t h e  nature and dimensions of t h e  world food problem and 
the  policies available t o  alleviate i t  has  been the  focal point of IIASA's Food 
and Agriculture Program (FAP) since i t  began in 1977. 

National food systems are highly interdependent, and yet the  major 
policy options exist  at the  national level. Therefore,  t o  explore these 
options, it i s  necessary both t o  develop policy models for  national 
economies and t o  link them together  by t r ade  and capital  t ransfers .  Over 
the  years  FAP has,  with the  help of a network of collaborating institutions, 
developed and linked national policy models of twenty countries, which 
together account f o r  nearly 80 percent  of important agricultural a t t r ibutes  
such as a r e a ,  production, population, exports ,  imports and s o  on. The 
remaining countries a r e  represented by 14 somewhat simpler models of 
groups of countries. 

The countries constituting the  Council of Mutual Economic Assistance 
(CMEA) together  are a major influence on the world market. An aggregate 
food and agricul ture  model of t he  CMEA, in which t h e  CMEA is t rea ted  as one 
nation has been developed by the  FAP, as pa r t  of t he  IIASA/FAP basic linked 
system. 

In addition, development of detailed models f o r  some of the  major 
nations constituting the  CMEA w a s  undertaken. The development of t he  
Soviet Agricultural Model (SOVAM) w a s  s ta r ted  in la te  1983 in collaboration 
with a number of institutions in the  Soviet Union. These include the  All- 
Union Research Institute of Cybernetics in Agriculture, the  Computer Cen- 
t r e  of the USSR Academy of Sciences, the All-Union Research Institute f o r  
Systems Studies, and the  Central Economic Mathematical Institute. 

This working paper  i s  one of a se r i e s  of working papers  documenting 
the  work tha t  went into developing the  various models of FAP. In this  
paper ,  V. Fedorov and V. Iakimets describe the  outline of the SOVAM model. 

Kirit S. Parikh 
Program Leader 

Food and Agriculture Program. 
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ABSTRACT 

In this paper, the general structure, information flows and outline 
exchange and production modules of the SOVAM are  described. 
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OUTLINE OF THE SOVAM 
V Fedorov 
I.: Iakimets 

Introduction 
The main goal of the  IIASA's Food and Agriculture Program is to create a se t  

of national agricultural models interacted through t h e  world market model as tool 
f o r  understanding t h e  influence of cu r r en t  and fu ture  national policy options upon 
the  international food situation f o r  t he  period of 15-20 years .  During t h e  period 
from 1977 until 1984, within t he  framework of this  Program. and in collaboration 
with different national and international organizations, t h e  linkage system and i ts  
methodological base were developed. Algorithms and software f o r  national and 
international equilibrium computations were prepared  and different country's 
agricultural policy models of various complexity were elaborated. (Parikh and 
Rabar  (1981), Fischer and Frohberg (1980), Keyzer and Rebelo (1982), Csaki 
(1982)). 

The Soviet Union is  represented now in t he  FAP system through the  CMEA 
countries model which has  aggregated c h a r a c t e r  (Csaki 1982). Unfortunately an  
independent model f o r  t he  USSR agricultural sector doesn't exis t  in t he  cu r r en t  
version of this model. Therefore  w e  have two possibilities: to develop the  Soviet 
model to be  used in a stand-alone mode or to make a disaggregation of t he  cu r r en t  
CMEA countries' model up to each country's submodels with a general  agricultural 
policy module f o r  t he  Community. W e  believe tha t  t he  las t  proposal is  t he  prefe r -  
able  one, however, in this  paper  w e  shall not discuss how i t  could b e  done. 

This paper  is  devoted only to the  problems of t h e  Soviet model construction. 

Development of t h e  SOViet Agricultural Model (SOVAK) w a s  s ta r ted  in t he  
second half of 1983. The background, conceptual framework and some of t h e  sta- 
tist ical  data  for t h e  SOVAK are described in Iakimets (1984). 

This paper  is mainly concerned with t h e  following aspec ts  of t h e  SOVAM: 
- t h e  s t ruc tu re  of t he  model and i t s  information flows; 
- main stages of t h e  SOVAY development; 
- outline of exchange, consumption and production modules. 

1. &in assumptions 
To begin t h e  description of the  general s t ruc tu re  and. information flows of 

SOVAK, we briefly r epea t  the  assumptions which were formulated in Iakimets 1984. 



Assumption 1 

Being descriptive in nature as many of the FAP models are, the  SOVAh! has t o  
contain the  normative elements t o  reflect the planned cha rac t e r  of socialist agri- 
culture development. 

Assumption 2 
Targeted levels, growth rates and s tructure of output of agricultural produc- 

tion a r e  specified f o r  the  SOVAX exogenously. 

Assumption 3 
Alternatives t o  minimize deviations of r e a l  domestic agricultural output 

induced mainly by weather impact from target  levels have t o  be  considered expli- 
citly and have t o  be  determined endogenously. 

Annual ta rge t  levels of internal consumption and i ts  growth rates in agricul- 
tu ra l  and food commodities are specified exogenously. 

Assumption 5 
Versions f o r  attainment of consumption ta rge ts  in agricultural commodities 

have t o  be modelled explicitly. Comparisons of these versions and selection of the  
preferable  one has t o  be  envisaged endogenously. 

Assumption 6 
General volumes of some input resources (investments, labour, ferti l izers,  

etc.)  f o r  the  agricultural sec tor  f o r  the period under consideration a r e  specified 
exogenously. 

Assump tion 7 
Volumes of foreign t r ade  in agricultural and food commodities both f o r  import 

and export  have t o  m e e t  t he  lower and upper constraints given exogenously. 

Assumption 8 
Financial constraints f o r  import and export  in agricultural and food commodi- 

t ies  a r e  determined by a n  exogenously given foreign t r ade  balance. 

Assumption 9 
Domestic producer  and consumer prices f o r  main agricultural and food com- 

modities don't re la te  t o  t he i r  world market prices. Retail pr ices  of most goods a r e  
s table  f o r  the  period under consideration. 

2. Stages of the SOVAM development 
Taking into account t he  expediency of the  s t ep  by s tep  elaboration of the 

SOVAM it is reasonable now t o  characterize main planned s tages of this model 
development. W e  discern the  following 3 stages. 

First Stage 
The exchange and consumption modules are developed as an optimization 

model. The production module is described by a regression type model. The agri-  
cultural policy module isn't formalized ei ther  in the  p a r t  re lated t o  exchange and 
consumption, o r  in t he  p a r t  of internal production development. (See Assumptions 



6-9). The elements describing the internal agricultural policy are given exo- 
genously. Exchange, consumption and production modules of the  SOVAN: do  not con- 
tain feedbacks. The world market p r ices  on agricultural commodities don't influ- 
ence the internal agricultural output and i t s  s t ruc ture .  I t  i s  also supposed t h a t  
t he  allocation of resource  inputs such as capital ,  ferti l izers,  labour etc. does not 
depend upon these  pr ices  and the i r  allocation will change exogenously in accor- 
dance t o  historical da ta  analysis and statist ical  forecasting (assumption 6). 

Second Stage 
Fluctuations in t he  weather and climatic changes will be  taken into considera- 

tion. At this  s tage of t he  SOVAh! development t h e  statist ical  significance of these 
fac tors  fo r  internal agricultural output and t r ade  flows will b e  studied. The struc- 
t u r e  of the  production module and o the r  modules as well as main assumptions and 
relations will be  assumed to be  similar to the  f i r s t  stage. 

Third Stage 
A t  this s tage t h e  main effor ts  will be  directed to t h e  construction of a more 

sophisticated version of t he  production module. I ts  core will be t he  optimization 
model which will re f lec t  t h e  dependence of agricultural output on national agricul- 
tu ra l  policy options and fluctuations of world market prices.  I t  is supposed how- 
e v e r  tha t  this model will be  aggregative and will include mainly variables which are 
more or less explicitly connected with expor t  or import of agricultural commodi- 
ties. I t  will nevertheless be  constructed in a way t o  study what kind of policies in 
t h e  agricultural sector will allow a reduction in imports in t he  nea r  future,  while 
at the  same time providing f o r  admissible levels of internal consumption of agricul- 
tu ra l  and food commodities. 

Naturally t h e  model should t ake  into account t he  main directions of t h e  
development of the  USSR agro-industrial complex both in technology and economy. 
Special attention will b e  given t o  t he  study of t he  appropr ia te  proportion between 
industries involved in agricultural and food production. Depending on availability 
of corresponding information, i t  is also supposed to t ake  into consideration t h e  
regional s t ruc tu re  of Soviet agriculture.  

3. General structure and information flows 
The SOVAM has t o  meet two sets of requirements. First  of all these are 

requirements of t he  FAP Basic Linked System: 

- prescribed list  of aggregated agricultural commodities fo r  exchange (see 
Table 1 )  

- one yea r  time increment 

- the  country's expor t  (import) f o r  each commodity should be  a function of 
world market p r ices  which satisfies cer ta in  assumptions (continuity, homo- 
geneity of degree  zero)  

- a national model should contain production, policy, exchange and consumption 
modules. 

Specific national requirements are defined by assumptions 1-9 and can b e  
summarized in t he  following way: 

- centrally planned development 
- existence of t a rge t  levels for production and consumption and the i r  growth 

rates according t o  the  USSR Food Program (see Table 2 f o r  human consump- 
tion) 



Table 1. The F A .  Commodity Lists 

No. 

1 
2 
3 
4 

Aggregated 
Commodl ty 

wheat 
r ice  ,milled 
coarse grains 
bovine and 
ovine meats 
dairy products 

other  animal 
products 

protein feeds 

o ther  foods 

nonfood 
agriculture 
nonagriculture 

Units of 
Measurement No.  

lo3 tons 
103 tons 
lo3  tons 
l o3  tons 

lo3  tons 
f resh  milk 
equivalents 
103 tons 
protein equivalents 

l o3  tons 
protein equivalents 
million USQ 1970 

millions 
US$1970 

Disaggregated 
Commodl ty 

wheat 
r i c e  ,milled 
coarse  grains 
bovine and 
ovine meats 
dairy products 

pork 

poultry and eggs 
fish 
protein feeds 

oils and f a t s  
sugar  products 
vegetables 
frui ts  and nuts 
coffee 
cocoa, tea 
and the i r  products 
alcoholic beverages 
clothing f ibers  

industrial c rops  

- the model should be  based on official national statistical data. 

I t  should be emphasized tha t  the  s t ruc ture  of the SOVAM has t o  be  flexible and 
t o  allow a future improvement of each module independently. A t  present  the  model 
consists of 4 main modules (see Figure 1): production, consumption, policy and 
exchange. The information flows between these a r e  shown on this scheme. 

The SOVAM policy module has t h r e e  interconnected blocks concern with policy 
decisions on production, consumption and foreign t r ade  in agriculture and food 
commodities. The reasons f o r  this  were described in Iakimets 1984. According t o  
t he  s ta te  long-term plans and guidelines f o r  Soviet agriculture development within 
these t h r e e  blocks ta rge ts ,  proportions and constraints have t o  be  determined. 
For instance, decisions regarding the  p e r  capita consumption, proportions between 
various consumers in each commodity and growth r a t e s  of i ts  consumption f o r  the 
period under consideration will b e  specified. 

Decisions concerning agricultural production include volumes and growth 
rates of each commodity, production and prescribed self-sufficiency ra t io  as tar- 
gets,  and availability of various input resources  as constraints (labour, acreage ,  
capital  investments, capacities and s o  on) as well as prescribed proportions of 
t he i r  utilization f o r  different commodities. 
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Table 2. Per capita annual consumption of foodstuffs (in kg) 

(planned 
targets)  

Meat and meat products 
(including animal fats 
and byproducts) 
Kilk and dairy products 
(in terms of milk) 
Eggs (pieces) 
Fish and fish products  
Vegetable oil 
Potatoes 
Vegetables and melons 
Fruits and be r r i e s  
Breads and cerea l  products 
Sugar8** 

Source: N. A. Tikhonov, p. 180 
= The USSR economy for the period 1922-1982, p. 73 
== K. Bogolyubov, p. 113 
=== The USSR economy in 1980, p. 405 

Decisions concerning agricultural foreign t r ade  determine the  value of 
foreign t r ade  tu rnover  as a target  and expor t  revenue and import budget as con- 
s t ra ints .  Information on them have t o  be  used in modules 11, 111 and IV of the  SOVAM 
(see double a r rows  on t h e  scheme). 

According to this information the  planned consumption f o r  each  commodity is 
calculated in t h e  consumption modules. These resul ts  as w e l l  as da ta  on each 
commodity's internal production in t h e  previous period (t-1) and t h e  information 
concerning ta rge ts ,  proportions and constraints f o r  agricultural foreign t rade ,  
are delivered to t h e  exchange module. Within this  module t h e  corresponding 
optimization problem is  solved a t  every s tage  of t h e  i terat ive procedure of deter-  
mining the  equilibrium world market. In o the r  words t h e  SOVAM w i L L  react through 
t h e  exchange module on changing world pr ices  and deliver t he  da ta  about i t s  
export/ import volumes to t h e  global system. When equilibrium is  approached, t h e  
value of consumption corresponding t o  t h e  equilibrium point is calculated with t he  
exchange module and transmitted t o  blocks I and IV to make decisions on targets ,  
constraints and proportions in all t h r e e  blocks of the  policy module. These deci- 
sions are inputs of t h e  production module which works out  t h e  production volumes 
f o r  t h e  next period. 

I t  should be  noted tha t  within t he  SOVAM t h e  special  submodule f o r  calculation 
of a number of o t h e r  endogenous variables is  envisaged (it is not shown in Figure 
1) .  These will include several  general indicators such as general domestic pro- 
duct ,  investments, volume of ferti l izers e tc . ,  and severa l  sectorwise parameters  
such as feed, human consumption, acreage ,  yields and so on. 
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Figure 1: The SOVAM general structure and information flows 



4. Consumption and exchange module 
Let I be the index se t  of aggregated agricultural c rops  commodities; i r I; J is 

the  index set  of aggregated livestock commodities, j r J, and I U J  = I,, J I, = n - 1. 

According t o  the  previous section, the  ta rge ts  dL(t) = (dL1(~) ,  . . .. ,dLn -l(t))T 
fo r  human consumptior. of commodities in yea r  t are given exogenously. Here "T" 
stands fo r  transposition. It is c lear  tha t  

where: K (t)  is  population in yea r  t given by some scenarios,  
v(t) = (vl(t), . .. . , vn -l(t))T is  the  vector  of t he  p e r  capita annual consumption values 
of which for  the  period under consideration can be  calculated f o r  example with the 
help of linear approximation: 

I 

Here values of T, v(o) and v(T) are taken from national s ta t is t ics  and ta rge ts  
determined in t he  USSR Food Program (see Table 2 fo r  observed changes of r ea l  
pe r  capi ta  consumption of main s taple  foodstuffs in t he  Soviet Union fo r  t he  period 
1950 to  1980 and ta rge ts  for 1990). These ta rge ts  fo r  1990 were determined on the  
basis of scientifically developed standards.  Hence i t  is reasonable t o  use these 
t a rge t  values t o  fix v(T) for T = 1990. The value of v(o) can b e  taken f o r  example 
equal t o  ~ ( 1 9 8 0 ) .  

According to  the  f i r s t  stage of the  SOVAX development, w e  suppose t o  imple- 
ment exchange module as the  following optimization problem: 

subject to: 

Balance of commodities utilization 

d(t)  = ~ ( t )  y(t - 1 )  + z-(t) - z+(t)  - w(t) 

Balance of feeds and livestock commodities 

dT(t) pk(t)  - wT(t) - -yk = 9, k = 1,2. 

Value of agricultural expor t  

E(t) = pT(t) z+(t)  2 ~ + ( t )  

Value of agricultural import 

I(t)  = pT(t) . z-(t) s R-(t) 

Low and upper  bounds fo r  volumes of expor t  

z+(t)  s z+(t)  s E+(t) - 
Low and upper bounds f o r  volumes of import 

z-(t) s 2-(t) s 2 3 )  - 



Weights ol( t )  and +(t) are given exogenously. Matrix A (t) descr ibes  the  signifi- 
cance of commodities and t h e i r  replaceability. 

The volumes of internal production of c rop  and livestock commodities y(t) are 
determined in t he  production module. Components of 
z+(t)  and z-(t) are volumes of expor t  and import of agricultural commodities; 

d (t) are the  calculated volumes of human consumption of commodities; 

E (t) is  revenue f r o m  expor t  of agricultural commodities; 

I (t) is  expenditures for import of agricultural commodities; 

R+(~) ,R-( t )  are correspondingly constraints on hard  cur rency  used f o r  export  and 
import. 

Components of ~ ( t )  , z(t) are low and upper  constraints on volumes of export  and 
import of commodities, f o r  describing f o r  example long-term t r ade  agreements. 

Coefficients pk(t) determine t h e  amount of k-th substance needed t o  produce 1 unit 
of livestock commodity (k = 1 is related to feed units and k = 2 to protein) and 
coefficients 7k shows t h e  value of k-th substance in 1 unit of c r o p  commodities. 

The components of o(t) are s h a r e s  of internal outputs used f o r  human consumption. 

Vector w(t) descr ibes  t h e  consumption of the  c rop  by livestock population. There- 
f o r e  i t  has non ze ro  components mainly f o r  c rop  commodities. 

Including of w(t) into t h e  balance equation i s  very  important f o r  t he  determi- 
nation of import values f o r  c rop  commodities. In this version of t he  SOVAM 
exchange module, these  values will be  given exogenously according to different 
scenarios. There exis ts  a number of proposals f o r  t h e  improvement of feed pro- 
duction in t he  Soviet Union. The description of some of these proposals one can 
find in Iakimets (1984), section 3.5. The abovementioned scenarios  will co r r e l a t e  
with them. There are two ways of constructing scenarios  f o r  w(t): by exogenously 
calculating t he  time s e r i e s  of w(t) corresponding to selected proposals f o r  t h e  
whole period under consideration o r  by the  following equation: 

and values of c ( t )  given exogenously are shares  of c r o p  commodities used t o  feed 
livestock. 

The component of t h e  vec tor  i ( t )  = d(?(t), i?-(t)) can be  called "attainable 
consumptions". The above used optimality cr i ter ion is  t h e  simpliest one. 

Strictly speaking t h e  choice of the optimality c r i t e r i a  should be defined by 
decision makers. For  instance taking into account assumption 3 one can use t he  
following criterion: 

min F(d) 
d 

where 



5. Outline of the production module 
In this section the  sho r t  description of the  agricul ture  production module is 

given. The t w o  principally different approaches are considered. The f i r s t  one is 
based on the assumption tha t  international t rade  does not influence t he  s t ruc ture  
of Soviet agr icul ture  production. The second one assumes t h e  existence of feed- 
backs between exchange and production modules. These feedbacks drastically 
increase the complexity of the  model (both methodologically and technically). 
Presumably t he  latter approach will be used only in t h e  final s tage  of t he  model- 
ling. 

The preliminary statist ical  analysis does not confirm t h e  existence of any sig- 
nificant correlation between export-import data  and da ta  describing t h e  s t ruc tu re  
of agriculture sector. 

In what follows below only the  f i r s t  approach will be  considered and i t s  imple- 
mentation on the  basis of statist ical  approximation. Usually statist ical  methods 
can be  appropriately used when some kind of "stability" is observed in da ta  on the  
development of t he  object  under investigation. In ou r  case th i s  stability really i s  
confirmed both by statist ical  data  and by analysis of s t ruc tura l  development of t he  
agricultural sector. At present  f o r  the production module t h e  mixed regression- 
autoregression models are used: 

yt = F( IP ,~ )  + r y t - ~  + ct . (11) 

where yt is a vec tor  t h e  components of which correspond to volumes of production 
of different commodities, t h e  vector  F(6, t )  is  a set of given functions, 6 and I- 
are matrices containing unknown parameters,  t i s  time, t h e  vec tors  ct descr ibes  
the  random errors. 

Usually F(6.t) approximates long-term trends,  t h e  second summond ref lects  
t he  fluctuations with significant deterministic components, rt accumulates t h e  ran- 
dom weather fluctuations and some nonsignificant fac tors ,  which f o r  instance can 
not be  approximated in a deterministic way because of lack of information. 

It  should be  pointed out that  vector yt can contain a number component which 
corresponds to t h e  same product. It happens when one needs t o  work with an  
autoregression of the  second or higher order .  

At present  t he  random e r r o r s  are suggested t o  be  independent with zero  
means: 

where btt, i s  Kronecker 's  symbol and D is  variance-convariance matrix. 

The nonapriculture sector is modelled he re  independently of (11) with t he  
help of traditional Cobb-Douglas function: 

where ynt is t he  volume of nonagricultural production (only one product!) K(t) is  
capital, L(t) is  l abor  fo rce ,  ~ ( t )  ref lects  t he  technical p rogress ,  and et is  a random 
value with zero mean and E(et, et,) = a* bttr. The main reason f o r  t he  isolating of 
ynt is  the  conjunction of the  SOVAM with the  FAP system of models. 

The description of t h e  SOVAM production module as an  optimization model will 
be  given in the  next paper .  



6. Summary 
The genera l  s t r u c t u r e ,  information flows, outline of exchange and consumption 

module as well as production f o r  t h e  f i r s t  s t age  of t h e  SOVAM development were  
descr ibed in th i s  p a p e r .  The next  p a p e r  will contain t h e  more detailed description 
of both modules and f i r s t  r e su l t s  of estimation of corresponding functions parame- 
ters. 
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