
NOT FOR QUOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 

FIRST VERSION OF THE SOVAH 

V. Iakimets 
V. Kiselev 

September 1985  
WP-85-60 

Working Rapers are interim repor ts  on work of the International 
Institute for  Applied Systems Analysis and have received only lim- 
ited review. Views o r  opinions expressed herein do not neces- 
sarily represent  those of the Institute o r  of its National Member 
Organizations. 

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
2361 Laxenburg. Austria 



FOREWORD 

Understanding the  nature and dimensions of the  world food problem and 
the  policies available to 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, to explore these 
options, i t  is necessary both to develop policy models fo r  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 collabomting institutions, 
developed and linked national policy mode l s  of twenty countries, which 
together account fo r  nearly 80 percent  of important agricultural a t t r ibutes  
such as area. production, population, exports,  imports and so  on. The 
remaining countries are represented by 14 somewhat simpler m o d e l s  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 agriculture m o d e l  of the CMEA, in which t h e  CMEA is treated as one 
nation has been developed by the  FAP, as p a r t  af 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 the  
Soviet Agricultuml Model (SOVAM) w a s  s ta r ted  in late 1983 in collaboration 
with a number of institutions in the  Soviet Union. These include the  All- 
Union Research Institute of Cybernetics in Agriculture. Computer Center of 
the USSR Academy of Sciences, All-Union Research Institute f o r  Systems 
Studies, and the  Central Economic Mathematical Institute. 

This working paper  i s  one of a ser ies  of working papers  documenting 
the  work tha t  went into developing the  various m o d e l s  of FAP. In this paper  
V. Iakimets and V. Kiselev describe a f i r s t  version of the  SOVAM. 

Kirit S. Parikh 
Program Leader 

Food and Agriculture Program. 
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ABSTRACT 

This paper contains the formalized description of the main modules for 
the first version of the SOVAM, including production and exchange modules 
and outline for  the policy module. 
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FZRST VERSION OF THE SOVAM 

I.! Iakimets,  V KiseLev 

1. tntroduction 
During t h e  development of t h e  Soviet national agr icul tural  policy model 

(SOVAY) i t  w a s  necessary t o  provide fo r  meeting the  requirements of t he  BLS at 
the  same time t o  keep the  adequacy of t he  description of t h e  economy, actually 
existing controls and methods f o r  t he i r  implementation, mechanism f o r  generating 
sha re s  and growth rates of t h e  agricultural development and principle features of 
Soviet foreign t rade .  This pape r  contains f i r s t  of all  t h e  description of t he  main 
fea tures  and tendencies of f u r t h e r  development of t h e  Soviet agriculture.  The for- 
malized description of t h e  f i r s t  version of the  SOVAM and i t s  modules based on this 
analysis is t he  main objective of t he  paper .  

Background and requirements fo r  t h e  SOVAM as well as i t s  general s t ruc ture ,  
information flows and t h e  outline of consumption, exchange and production modules 
were described in Iakimets, 1984; Fedorov and Iakimets 1985. 

2. Directions for the further development of Soviet agriculture 
In o r d e r  t o  model cor rec t ly  t he  growth rates and proport ions of the  develop- 

ment of the  USSR agricul ture  f o r  t h e  period of 15-20 yea r s  i t  is necessary to take 
into account the  historically established tendencies and the i r  future  changes 
under t he  influence of t h e  centralized measures ca r r i ed  out f o r  t he  last  years.  
For t he  period 1979-1982 s o m e  decrease  in agricultural growth rates w a s  observed 
in t he  USSR mainly due to extremely unfavorable weather conditions and shortcom- 
ings in economic mechanism. The important transformations in t h e  national agro- 
industrial complex directed t o  considerable improvement of i t s  functioning were 
laid down by May (1982) Plenum of t he  Central Committee of t he  CPSU. The system 
of interrelated measures formulated within t he  USSR Food Program and in a 
number of following government resolutions showed i t s  efficiency already f o r  t he  
t w o  f i r s t  years  of realization (1983, 1984). 

The following t h r e e  wide directions fo r  the  f u r t h e r  improvement of t he  effi- 
ciency of agroindustrial  production under cu r r en t  implementation can be  charac- 
terized: 

2.1. Improvement of the economic mechanism 
This direction re la tes  to: 

- strengthening t h e  influence of economic incentives in agr icul ture  due to 
establishment of d i rec t  dependence of labour payment on final results; 

- enhancing non-financing by the  State;  
- broadening t h e  r igh ts  of collective and state f a r m s  in relation t o  t he i r  inter- 

nal economic activity, utilization of material and technical resources  and 
finances; 

- integration of management on t h e  level of interacting economic systems (crea- 
tion of regional agro-industrial amalgamation) and on t h e  more higher level 
(creation of management bodies f o r  the  planning and coordination of activity 
on the  f i r s t  level and for the  allocation resources  and investments). 



2.2. Implementation of structural changes in agriculture 
This di rect ion includes: 

- improvement of t h e  s t r u c t u r e  of land under  gra in  cultivation; 
- deepening specialization of production in di f ferent  na tu ra l  and climatic zones; 
- increasing t h e  efficiency of mineral f e r t i l i ze r s  and o t h e r  chemicals utilization 

by means of improvement of t h e i r  compound ~ n d  s t r u c t u r e  and ra t ional  appli- 
cation with organic  fe r t i l i ze r s ;  

- deveiopment and technical  suppor t  of technologies f o r  c r o p  cultivation set- 
t led t o  weather  f luctuations.  

2.3. Implementation of structural changes in branches of production 
adjacent to agriculture 

This di rect ion r e l a t e s  to: 
- improvement of quality of material  and technical  r e s o u r c e s  and se rv ices  f o r  

agr icul ture ;  
- improvement of conditions f o r  t ranspor ta t ion,  s t o r a g e  and pr imary process- 

ing of agr icu l tu ra l  commodities; 
- broadening t h e  r o a d  const ruct ion in r u r a l  distr icts .  

These measures are under taken f o r  stabilization of h igher  output  of agricul-  
t u r a l  production t o  provide self-sufficiency in foodstuffs and f o r  necessa ry  level  
of in ternal  consumption independently of world market.  

I t  i s  easy t o  see t h a t  taking into account  t h e  abovementioned fac t s ,  t h e  ?To- 
ductivity of agr icu l tu ra l  c r o p s  cannot b e  modelled only on t h e  bas is  of indirect  
ext rapola t ion of t r ends  (Figure 1) but  should b e  calculated taking into considera- 
t ion t h e  p resen t  changes  observed.  

productivity 

per 100 ha) ./ -- - trend 
0 

Figure 1. Productivity of agricultural crops. 
These considerations have t o  b e  taken into account during t h e  construction of t h e  
SOV.4Y. 

3. Some peculiarities of macroeconomic modelling of the Soviet agricultural 
sector behaviour within the framework of the FAP system of models 

A s  concerns  t o  Soviet  fore ign t r a d e  of agr icu l t a ra l  commodities th i s  will be  
permanently developed mainly on t h e  bas is  of assortment exchange and  long-range 
bi la tera l  agreements.  I t  should b e  noted t h a t  practica!ly i t  i s  impossible t o  t a k e  



into account in the  SOVAM because of accepted high level of aggregation (for 
example, f o r  considerable turnover  inside of such aggregated commodity as "other 
food" t h e  total  export-import Snlance can be  equal to zero). The existing system 
of models catches only large-scale changes in t rade  of homogeneous commodities. 
Such changes in foreign t r a d e  flows can be evaluated f o r  t he  Soviet Union only fo r  
grain and meat. However, in this  case  i t  i s  necessary also t o  t ake  into account tha t  
USSR will seek t o  self-sufficiency of main agricultural products,  t o  reduction of 
hard  currency expenditures f o r  purchases, and to  lessening t h e  dependence on 
ex te rna l  markets. I t  should be  noted tha t  availability of grain purchases  by the  
Soviet Union during last  y e a r s  w a s  caused by extremely unfavourable weather con- 
ditions in main grain producing regions. 

1. Implementation of planned measures will allow not only to a t ta in  the  necessary 
level of internal agricultural production but will provide f o r  increasing the  effi- 
ciency of production and capi ta l  investments utilization. I t  i s  t h e  f ea tu re  that t o  
b e  reflected by national model. However, because t h e r e  are not quantitative 
evaluations of efficiency production growth its implementation can  b e  taken into 
consideration by some scenarios  by means of adjustment of coefficients of elasti- 
city of production functions. The more adequate way seems to b e  t o  see the  
speeded up growth of average  c rop  productivity by yea r s  f o r  t he  f i r s t  1 0  years  
period without considerable increase of investments. 

The efficiency of utilization of early made investments and accumulated poten- 
tial in this case will b e  also considered as more increased in comparison with 
beg in~ ing  of 1980. Then t h e  more strong relationship of agr icul tural  productivity 
f r o m  mineral .ferti l izers applications and investments has  to b e  used fo r  the  next 
period (in comparison with relatiocship found from correlat ion analysis). I t  i s  not 
expedient t o  use the  labour and control variable fo r  production modelling because 
t h e  migration of labour between different branches of agr icu l ture  i s  a conserva- 
t ive process  and does not depend on some control effects. 

2. Within t he  framework of t he  SOVAM the  following o the r  ways of increasing pro- 
duction efficiency is logical t o  use (see Iakimets, 1984). 

A. Changing the  s t ruc tu re  of acreage  both fo r  b e t t e r  utilization of bioclimatic 
potential of different regions and f o r  be t t e r  adaptation to requirements of 
population taking into account the  tendencies of world market.  I t  is expedient 
in this way t o  use as upper  constraint fo r  annual changes of acreage  for 
several  c rops  t he  value equaled approximately t o  0.05 of a c r e a g e  fo r  previ- 
ous yea r  because of iner t ia  of process of changing the  existing specialization 
of regions. 

B. Optimization of s t ruc tu re  of allocation of annual increase of mineral fertiliz- 
ers supply taking into account responses of different c r o p s  to ferti l izers.  
This way will favour using the  increase of fer t i l izers  supply f o r  elimination of 
bottlenecks in c rop  production. 

C. Sptimization of feed c rops  production by means of increasing roughage, suc- 
culent and green fodder,  coarse grain production as well as increasing the  
protein feeds (such as cakes) production f o r  improvement of livestock 
rations. In spite of approximation of this way description i t ' s  consideration 
will be  useful f o r  fu r the r  elaboration of the  model. 

D. From the  point of view of interaction of the SOVAM with the  FAP system it is  
important t o  charac te r ize  t he  specifics of relationships of t he  Soviet Cnion 
with world market taking into consideration the orientation of the USSR on 
grain self-sufficiency. The world market was and will b e  in t he  future  mainly 



t he  source f o r  compensation of grain shortages in extremely unfavourable 
years .  The volume of grain import will not be  strongly dependent on pr ices  of 
world market. More exactly t he  volumes of the  USSR grain purchases  will 
influence on those prices.  Hence the  more adequate t o  t he  real i ty  will be  the 
following concept f o r  simulation of interaction of t he  SOVAM with world 
market model. Yie!d of agricultural c rops  will be  determined a s  an average 
expected yield f o r  achieved level of resources  supply. A t  t h e  same time the 
s epa ra t e  computer program will calculate correct ion fac tors  simulating influ- 
ence of weather fluctuations on grain output. Values of these  fac tors  a s  w e l l  
as the i r  time se r i e s  f o r  t he  period under consideration will re f lec t  observed 
r ecu r r ence  of unfavourable years  and can be  changed by means of scenarios. 
So  basic calculated yield will monotone increase in accordance with t rend and 
actual yield will be  evaluated with t h e  help of stochastic values. Such 
approach will allow t o  model the  creat ion of stocks which will be  replenished 
in favourabie yea r s  and will be  used in unfevourable on.es. The volume of 
grain purchases on world market will be  determined also taking into account 
interna! demand, yield ir. dependence on weather conditions, s tocks c rea ted  in 
favourable years.  A t  t he  same time the  inverse influence of world market 
p r ices  on the  s t ruc tu re  of purchases: in unfavourable yea r s  t he  volume of 
purchases  can be  more f o r  low prices.  

4. Formalized description of the main modnles 
Considerations given in previous sections determine the  fea tures  of separa te  

modules. 

Annual levels of end consumption of s epa ra t e  commodities are genei-ated on 
the  basis of t a rge ts  formulated in t h e  USSR Food Program and these are con- 
s idered as main targets .  The required total  annual volumes of internal consump- 
tion are calculated in t he  model taking into account in farms demand. The possible 
internal output is determined taking into consideration the  internal capacity of 
economy and weather conditions. Difference between supply and demand is deter-  
mined on the  basis of these  calculations and is used for determination of import 
volume. This value is used f o r  linkage of the  SOVAY with the  BLS. A t  t he  same time 
the  value of commodity deficit is used f o r  analysis of the  state economic strategy: 
whether to import t he  necessary volumes or to reduce consumption, or t o  increase 
investment in agriculture.  

In t h e  production module t he  maximally possible levels of consumption of 
s epa ra t e  goods close t o  given ta rge ts  of consumption are dependent on various 
constraints (investments, ferti l izers,  ac reage ,  etc.)  and needed f o r  this domestic 
output taking into account internal industrial consumption are determined. Crop 
outputs are determined dependent on acreage  s t ruc tu re  and projected yields which 
itself depend upon available resources  and tendencies of development. Weather 
conditions and fer t i l izer  distribution do  not influence t he  acreage  s t ruc ture .  How- 
e v e r  these have an effect  on the  volume of c rop  outputs. Such an influence is 
ref lected by corresponding correct ion coefficient. A s  a resul t  t h e  conditionally 
actual  c rop  output is determined which is used f o r  distribution. In t he  case when 
this conditionally actual output is higher than projected internal consumption, the 
surpluses of commodities are directed t o  stocks.  If not, then s tocks are used t o  
cover  deficit. If t he  s tocks available are not sufficient then the  import of the  com- 
modity is requested. 

Within the  exchange mociule, t he  volumes of imports are calculated dependent 
on calculated deficit, world market p r ices  and available hard  currency.  A s  a 
resul t ,  t he  cor rec ted  final consumptions of s epa ra t e  commodities are determined. 



The policy module is intended fo r  national accounting, calculation of values of 
general indicators and correct ion of corresponding policy parameters  concerning 
production, consumption, investment policy, e tc .  

4.1. Consumption module 
This module was described in Fedorov, Iakimets, 1985. The s t ruc tu re  and 

volumes of each commodity planned consumption a r e  calcu!ated on the  basis of 
fixed targets .  Actual consamptior, will be  calculated a f t e r  resu l t s  of production 
and exchange module simulation. 

4.2. Produdion module 
One important s tep  f o r  modeling agricultural production is  t he  construction of 

adequate yield functions f o r  various crops in relation t o  a number of production 
factors .  Capital investments a r e  one of such factors.  However, investments have 
no d i rec t  influence on yield, but i ts  influence is an  indirect one through fixed capi- 
tal  stock. It  is well known that  c rop  yields a r e  significantly dependent on the  
timeliness of carrying out t he  agrotechnological operations. Because many agri-  
cultural farms in t he  Soviet Union produce several  commodities (5-10) then the  
general pa r t  of fixed capital  stock influencing yields has  t o  be  considered f o r  all 
these c rops  a t  the  same time. The value of this p a r t  has  of course  a different 
impact on the  yield of various crops.  However i t  is difficult t o  single out t he  sha re  
of total  fixed capital  stock used f o r  separa te  commodities. Therefore ,  i t  is reason- 
able: 

(1) t o  consider t he  statist ical  relationship of yield of s epa ra t e  c rops  on the  total 
fixed capital stock; 

(2) t o  accept  tha t  fu ture  yield is dependent on the  increment of fixed capital 
stock. 

A t  the  same time the  yield of various c rops  is direct ly  dependent on mineral 
fer t i l izer  applied. In t h e  USSR, t he  determined levels of saturat ion of yields from 
fer t i l izer  application w a s  achieved f o r  r ice  and cotton and f o r  some industrial 
crops.  This level of application should be  kept because t he  whole system of agro- 
technology and machinery w a s  adjusted to it. However, taking into account the  
differences between actual  and normative efficiency of fer t i l izers  f o r  various 
crops,  the optimal redistribution of incremental volume of produced fer t i l izers  will 
be  sought for  during the  simulation. It  means that  the  value of t he  yield will 
depend on the  increment of fer t i l izers  used on the  crops.  

The o ther  f ac to r  influencing the  yield is technological p rogress  in agriculture 
re la ted f o r  example to  t h e  selection of new varieties,  production of new substances 
f o r  plant protection, e tc .  Dynamics of the  yield growth depends also on efficiency 
of economic incentives and mechanisms in agriculture.  Both of these  fac tors  a r e  
poorly correlated with capital  investments. However, to t ake  into account i ts  
influence on yields, these  can be  t rea ted  a s  a function of time. Thus c rop  yield 
function ui(t) f o r  i-th c rop  can be  written a s  

where K,(t) is t h e  total  fixed capital  stock in agriculture and lFi( t )  is  a commodity 
wise increment of fer t i l izers  used. 

.4s an example of the  simple version of a yield function, t he  l inear  relationship 
such a s  

ui(t) = -q,i + ali t + azi . K,(t) + agi - AFi(t) 

can be used. 



Using t h e  cor re la t ion  models l inear  and nonlinear t r e n d s  f o r  s e p a r a t e  c r o p s  
a c e  found. 

Thus f o r  r i c e  t h e  zcnl inear  t r end  was accep ted  as a n  a p p r o p r i a t e  one. A t  t h e  
same time f o r  o t h e r  g ra in  c r o p s  t h e  extrapolation of t h e  yield growth w a s  made on 
t h e  basis of t h e  l inea r  t r e n d s  mainly due t o  t h e  f a c t  t h a t  t h e  opportunity f o r  th is  
growth %as not y e t  exhausted.  

T l e  influence of s e p a r a t e  f a c t o r s  on yield w a s  estimated on t h e  basis of t h e  
historical  da ta ,  r e s u l t s  of calculation by cor re la t ion  models and with t h e  help of 
e x p e r t  estimates.* A s  a n  example. w e  can give t h e  following estimated yield func- 
tion f o r  wheat: 

For  r i c e  t h e  a v e r a g e  yield according t o  t r e n d  f o r  l a s t  y e a r s  equals 4.1 ton 
p e r  ha. There fore  w e  supposed t h a t  t h e  f u r t h e r  growth of i t  w i l l  b e  due t o  t h e  
agrotechnological improvement and t h e  selection of new var ie t i e s  o r  in o t h e r  
words i t  wil! b e  a function of time: 

The values of coefficients in t h e s e  equations were stat ist ically estimated. For  
all o t h e r  c r o p s  w e  have a l so  correspondingly estimated yield functions. With 
r e s p e c t  to livestock production t h e  output i s  strongly dependent on feed available. 
In o r d e r  t o  inc rease  t h e  utilization of t h e  biological potential  of t h e  productivity 
of animals, improvement in feed mix should b e  made. This i s  t h e  most important 
area, because o t h e r  problems such as buildings for l ivestock,  have in general  been 
solved. 

Taking into account  t h e  specifics of Soviet agr icu l tu ra l  production and t r a d e ,  
t h e  l ist  of commodities considered were extended to 18, including: 
(1) l ~ h e a t  (2) r i c e  
(3) coarse  gra in  (4) g r e e n  feed 
(5) protein feed (6) vegetable oil 
(7) sugarbeet  (8) vegetables 
(9) pota to  (10) f r u i t s  
(11) f i b r e  c r o p s  (12) bovine and ovine 
(13) pork  (14) poultry meat 
(15) da i ry  (16) eggs  
(17) wool (19) non-agricultural commodity 

For  t h e  exchange module of t h e  SOVAM these  commodities are aggregated to t h e  
ELS 10 commodity list.  

The 1 8  commodities extended l ist  i s  never theless  a l so  qui te  a high level  of 
aggregation and t h e  detailed controls  in o r d e r  t o  r e f l e c t  t h e  a p p r o p r i a t e  economic 
s t r a t e g y  of t h e  State concerning t h e  s t r u c t u r a l  changes  of t h e  agr icu l tu ra l  pro- 
duction, dependent on t h e  level  of defici t  f o r  s e p a r a t e  commodities, are difficult t o  
determined. There fore  w e  choose as t h e  main controls  such var iab les  as: 

(1) increment of f e r t i l i ze r  application f o r  each c r o p ,  

(2) quantity of feed  used f o r  t h e  production of each  livestock commodity, and 

Thus, the contribution of mlneral fertilizers to  the yield growth was made using the 
data iron Xesyats V.K., Planovoe Khozyaystwo, Vol. 4, 1983. 



(3) crop  acreage.  

The acreages cannot be  changed quickly because t he  changes of fixed capital 
stocks, f a r m s '  specialization should be  followed t o  it. Therefore ,  t he  correspond- 
ing constraints on annually changing acreage (a 0.5%) were used. Such smal l  
admissible deviations re f lec t  t he  cautious approach t o  t h e  resu l t s  of optimization 
calculations mainly due t o  t he  fact that  fo r  aggregated commodities the  average 
yield does not correspond to the  actual efficiency of t h e  c rop .  The constant con- 
s t ra int  of total  a c r eage  w a s  used because i t  w a s  supposed tha t  f o r  t he  period 
under consideration the i r  qualitative improvement on t h e  basis of amelioration 
would be  more important than area expansion. 

All these preconditions were used to  implement t h e  production module as the  
optimization problem with t h e  following economic content. 

To find the  commodity-wise final consumption (maximally close to targets) ,  
c r cp  acreages,  c rop  output, mineral ferti l izer distribution, feed utilization and 
import subject t o  constraints  on total acreage,  total  amount of ferti l izers 
delivered t o  agr icul ture  and t r ade  balance and, taking into account balances of 
rational utilization of produced output, and balances of meeting the  complete 
requirements of livestock with feeds according to s tandards under given output of 
!ivestock commodities. Let us give a formalized description of the  production 
aoael.  

Let us denote I index set of c rop  commodities (i E I) and J - index set of lives- 
tock commodities ( j  E J),  I U J = I,, /I,! = n-1, n = 18. 

The following data  are used in this module: 

c I * ~ ( ~ )  human'consumption t a rge t s  fo r  crop commodities in y e a r  t ;  

d*,(t) the  same for livestock commodities;; 

A (t) the  total  ac reage ;  

xi(0) the  ac reage  of i-th c rop  at t he  beginning of t h e  period under considera- 
tion; 

a, oi, u1 specifically determined weights. 

Standards g i v e n  e z o g e n o u s l y  

8: (t) amount of k-th substance t o  produce 1 unit of j-th livestock commodity 
(k = 1 feed units, k = 2 protein) 

Xi,(t) maximum admissible s h a r e  of i-th feed in livestock rat ion to produce j-th 
commodity. 

oi marginally possible percentage of annual change of ac reage  for i-th crop;  

&(t) increase of mineral fer t i l izers  supply; 

qi c rop  yield increment due t o  additional fer t i l izer  supply; 

E P  nutrients content of i-th feed (k = 1 feed unit, k = 2 protein) 

bi, 6, shares  of internal  output considered in balances. 

b,+l and 7, parameters  determining shares  of meat output and t rade.  

The model has t he  following control and intermediate variables: 

d.,(t), d,(t) calculated actual  human consumption of c rop  and livestock commo- 
dities; 



zi(t), zj(t) import of these commodities; 

y i(t),y j(t) output of these  commodities; 

wi(t) volume of utilization of i-th c rop  commodity f o r  feed; 

h Fi(t) increment of fer t i l izers  application fo r  i-th crop;  

xi(t) ac reage  f o r  i-th c r o p  

Within one yea r  period of calculation (t) the problem is  t o  find such values of con- 
t ro l  variables 

t o  minimize 

[a x o i ( q * ( t )  - di(t)lZ + (1  - a)  zoj(dj*( t )+j( t ) )z l  
i f 

subject to: 

A. Crop production 

output of i-th c rop ,  where 

yield production function f o r  each c rop  written fo r  example as 

The yalue of agr icul tural  capital  stocks is calculated in the  policy module as fol- 
lows: 

where I,(t-1) are investments into agricultural capital  stocks and D,(t-1) is 
depreciation r a t e .  

To ref lect  an impact of weather fluctuations on c rops  output t he  coefficient t i( t)  is  
introduced. This coefficient shows the  excess  ( t i ( t )> l )  o r  the  drop  ( t i@) < 1 )  of 
the expected c rop  output in comparison t o  theoretical one, calculated according 
t o  (3). Values of this  coefficient f o r  various c rops  can be  elaborated on the  basis 
of the  analysis of historical meteorological data f o r  the  las t  20-30 yea r s  showing 
the  impact of weather fluctuations on c rop  yield and the  correlat ion of outputs f o r  
different crops.  The expected c rop  output therefore  is  

y1(t) = t i( t)  ' ~ [ ( t ) ,  (5) 

where: 

is the theoretical c rop  output. 

constraint on utilization of total  fer t i l izers  increase.  

z xi@) = A(t) balance of ac reages  
f 

(1  - ui) xi(t - 1 )  s xi(t)  s (1 + ffi) xi(t  - 1)  



constraint on change of s t r u c t u r e  of acreage .  

B. Feed balances and livestock output. 

balance of total  feed utilization in feed units (k = 1 )  and in protein (k = 2). 

balances of each type of feeds in feed units ( k = l )  and in protein (k=2). 

yJ(t) - bJ +I - yJ+1(t) BJ for j = 12,13 

s t r u c t a m l  constraints on domestic meat output. 

C. Commodities utilization balances. 

6, . ~ ! ( t )  = di(t> + wi(t> - zi(t> 

f o r  c rop  commodities 

6J ' Y ~ ( ~ )  = dJ(t) - zJ(t) 

f o r  livestock commodities. 

D. Agricultural t r ade  

constraint on ha rd  cur rency  utilization with R(t) given exogenously and pr ices  
pi(t-1) and pJ(t-1) taken from t h e  BLS resu l t s  of equilibrium simulation f o r  t h e  
previous period. 

zJ(t)  7j+1 ' Z J + ~ ( ~ )  j = 12,13 (15) 

s t ruc tura l  constraint on t r a d e  of meat commodities. 

Given model contains t h e  nonlinearity because of (2). I t  can be  solved by exo- 
genous determination of d i s c r e t e  levels of t h e  yield qq(t) coordinated with t h e  
required amounts of r e sou rces  Ka(t) and hFP(t). Therefore  t he  c r o p  yield f o r  t h e  
level q has  a fixed value. Thus f o r  t h e  type of function as in (3): 

uf(t)  = uol + ali t + api Ka(t) + agl . AFig(t). 

Hence equation (2) can be  rewr i t ten  as 

yi(t) = C xf(t)  . uig(t> 
9 

where xP(t) is  a c r eage  f o r  i-th c r o p  with q-th level of yield and corresponding lev- 
els of resources .  

Because of possible deviations of values of calculated final consumption (di(t) 
and dJ(t)) on ta rge ts  (di*(t) and dJ*(t)) t h e  surplus  of deficit of i t  i s  determined 

The calculated valaes of outputs  yi(t) and yJ(t) a r e  compared with exogenously 
given low bounds of i t  (yl(t) and yJ(t) ). A s  a resul t  t he  deficit or surplus  of - - 



outputs i s  a lso  determined: 

I r 1 ( t >  = yi(t)  - yl(t) - 

I t  means t h a t  a l l  baiaiices used within t h e  production model have t o  b e  changed. 

If t h e  calculated outputs  are higher  tban these  !ow bounds, then  t h e  surpiuses  
:vill b e  used t o  eliminate consumption defici ts  (16) and t o  inc rease  t h e  s tocks .  If 
not then t a r g e t s  of consumption will be  covered by s tocks  if t h e s e  are enough o r  
by additional imports if not. 

Let  us denote: 

sp(t) .  sf(') s tocks  of commodities at t h e  beginning of y e a r  t, 

s:(t), s;(t) replenishment of s tocks .  

s c ( t ) ,  sj-(t) depletion of s tocks ,  

'ki(t), 'kj(t) final defici t  of commociity a f t e r  complete meeting of consvm.ption tar- 
gets. 

?hen t h e  equations f o r  changes  of s tocks  are 

and final defici ts  are calculated as follows 

*,(t) = Ayi(t) - Mi( t )  

+j(t) = %Yj(t) - M j ( t )  

If \ki(t), o r  .kj(t) are positive (surpius of outputs)  then  t h e  s tocks  will b e  replen-  
ished: 

si'(t> = *i(t) (24) 

s,+(t) = *,(t) (25) 

If t h e s e  are negative,  then  defici t  of consumption will be  covered  by s t o c k s  when 
t h e s e  are available: 

*,(t) = si-(t) = 0 , si-w s sp<t> (26) 

*j(t) = sJ-(t) = 9 , s i ( t )  4 sp( t )  (27) 

If t h e  s tocks  do not c o v e r  t h e  defici t ,  then  reques t  f o r  import i s  determined: 

Q t )  = *,(t) + sJ t )  , s c ( t )  = sp( t )  (28) 

z j ( t )  = *j(t) + s i ( t )  t ~ i ( t )  = sP(t)  (29) 

When t h e s e  new values of imports are rewri t ten  f o r  t h e  BLS commodities l i s t  t h e  
model i s  r eady  f o r  exchange through world market.  

4.3. The Exchange Module 
.After aggregating expec ted  imports f o r  t h e  SOVAY detailed l ist  of commodities 

are calculated using t h e  p r i c e s  of t h e  previous y e a r  t o  t h e  imports f o r  t h e  BLS !ist 
within t h e  exchange module through t h e  l inkage p rocedure ,  t h e  new values of 
imports are sought f o r  using t h e  d a t a  on h a r d  c u r r e n c y  available f o r  this.  



A s  mentioned e a r l i e r ,  in Soviet  agr icul tura l  t r a d e  annual values of import and 
e x p o r t  are determined mainly on t h e  bas is  of b i l a te ra l  and multi!ateral agreements  
about  t h e  assor tment  exchange o r  by payment witin industrial  goods f o r  such agr i -  
cul tura l  commodities as t rop ica l  f ru i t s ,  tea, coffee,  cocoa,  etc., t o  improve and 
diversify t h e  s t r u c t u r e  of ra t ion  f o r  people. In r e s p e c t  t o  main s tap le  foods, t h e  
at tainment of self-sufficiency is  planned in t h e  n e a r e s t  f u t u r e  and t h e  world 
marke t  will b e  used f o r  compensation of t h e  d r o p  in domestic output  induced by 
unfavourable weather  conditions. 

Within th i s  module, t h e  imports are determined by reques ted  imports 
Zi(t), z^,(t), calculated in t h e  production module, available h a r d  c u r r e n c y  R(t), and 
equilibrium marke t  p r i c e s  of t h e  y e a r  under  simulation pi(t) ,  p,(t). 

In t h e  exchange module t h e  problem such as t h e  following one  i s  supposed t o  
b e  solved: 

Find values of imports Ti(t), z f ( t )  t o  minimize 

subject  t o  

4.4. Outline of the Poiicy Module 
This module allows t o  anaiyse t h e  solution of previous  problem and tendencies  

of national economic development in o r d e r  t o  adjust  determined control  parame- 
ters. Decision making h a s  t o  b e  made from' t h e  point of view of t h e  whole economy 
interes ts .  There fore  th i s  module i s  aimed t o  evaluate  t h e  influence of agr icul tura l  
development on t h e  national economy. In pa r t i cu la r  i t  h a s  t o  b e  done from t h e  
point  of view of comparison of agr icu l tu ra l  growth rate with nonagr icul ture  one 
f o r  var ious  allocation of investments. 

al location of investments. 

K,(t) = K,(t - 1 )  ( 1  - D,(t - 1 ) )  + I,(t - 1 )  

i n c r e a s e  of capi ta l  s tocks  in nonagr icul ture  ( the  same f o r  agr icu l tu re ) .  

national income in agr icu l tu re .  

I N X ( ~ )  = ao( t )  ~ , ( t ) ~ '  - ~ , ( t )  
1-al 

(35) 

national income in nonagr icul ture  with l abour  f o r c e s  L,(t) given exogenously. 

INN(t) = ( 1  + A(t)) I?I'N(t - I) 

condition f o r  non decreas ing of national income in agr icu l tu re .  

IY(t) = IYA(t) + IY?j(t) 

to ta l  national income. 

I( t)  = IS( t  - 1 )  . a 



investment in t h e  whole economy. 

Some additional notations introduced in th is  section include: 

r!(j)(t) is i n c r e a s e  of national income due t o  one unit of i-th (j-th) agr icul tura l  
commodity production; and A is t h e  growth rizte of national income in ~ o n a g r i c u l -  
tu re .  

The determination of values of r i ( t )  and r j ( t )  was t h e  difficult problem. Appli- 
cation of t h e  regress ion  analysis techniques t o  cons t ruc t  equation connecting agr i -  
cultural  national income with changing outputs of d i f fe ren t  commodities did not 
yield t h e  a p p r o p r i a t e  resu l t .  

There fore  t h e  a t tempt  w a s  made t o  est imate t h e  g r o s s  agr icu l tu ra l  output  (G 
(t)) on t h e  basis of a v e r a g e  national wholesale p r i c e s  Gi ( t ) ,  zJ( t ) )  and then t o  use 
i t  t o  find cor re la t ion  re la t ionship  with agr icul tura l  national income. Results  of 
estimations based on d a t a  f o r  t h e  per iod 1970-1980 yield t h e  following equation: 

Finally 

5. Conclusion 
In th is  p a p e r  t h e  f i r s t  version of t h e  SOVAM w a s  descr ibed t o  give general  

ideas about i t s  s t r u c t u r e ,  commodity l i s ts  and s e p a r a t e  modu!es. 

References 
Iakimets, V. (1984). Background and Requirements f o r  t h e  SOVAM: Soviet  Agricul- 

t u r a l  Model, IIASA, Laxenburg.  

Fedorov, V.,  and V. Iakimets (1985). Outline of t h e  SOVAM, IIASA, Laxenburg,  
(forthcoming). 


