
Coordination of Sectoral 
Production Planning Using 
Prices and Quotas (A Case Study 
for the Polish Agricultural 
Model)

Makowski, M. and Sosnowski, J.S.

 

IIASA Collaborative Paper
December 1981



Makowski, M. and Sosnowski, J.S. (1981) Coordination of Sectoral Production Planning Using Prices and Quotas 

(A Case Study for the Polish Agricultural Model). IIASA Collaborative Paper. IIASA, Laxenburg, Austria, CP-81-

038 Copyright © December 1981 by the author(s). http://pure.iiasa.ac.at/1765/ All rights reserved. Permission 

to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee 

provided that copies are not made or distributed for profit or commercial advantage. All copies must bear this 

notice and the full citation on the first page. For other purposes, to republish, to post on servers or to redistribute 

to lists, permission must be sought by contacting repository@iiasa.ac.at 

mailto:repository@iiasa.ac.at


NOT FOR QUOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 

COORDINATION OF SECTORAL PRODUCTION 
PLANNING USING PRICES AND QUOTAS 
(A CASE STUDY FOR THE POLISH 
AGRICULTURAL MODEL) 

Marek Makowski 
Janusz Sosnowski 
The Systems Research Institute 
of the Polish Academy of Sciences 

December 1981 
CP-81-38 

CoZZaborative Papers report work which has not been 
performed solely at the International Institute for 
Applied Systems Analysis and which has received only 
limited review. Views or opinions expressed herein 
do not necessarily represent those of the Institute, 
its National Member Organizations, or other organi- 
zations supporting the work. 

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
A-2361 Laxenburg, Austria 





FOREWORD 

Understanding the nature and dimensions of the world food 
problem and the policies available to alleviate it has been the 
focal point of the IIASA Food and Agriculture Program since it 
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, it is necessary both to develop policy 
models for national economies and to link them together by 
trade and capital transfers. For greater realism the models in 
this scheme are being kept descriptive, rather than normative. 
In the end it is proposed to link models to twenty countries, 
which together account for nearly 80 per cent of important agri- 
cultural attributes such as area, production, population, 
exports, imports and so on. 

As part of the development of the Polish Agricultural Model, 
Marek Yakowski and Janusz Sosnowski have investigated the co- 
ordination of sectoral production planning in Poland. Since this 
work involved methodological innovations, it was carried out in 
joint collaboration with the Food and Agriculture Program (FAP) 
and the Systems and Decision Sciences Area of IIASA. 

This paper presents intermediate results of research done 
within the framework of the elaboration of the Polish Agricultural 
model, which will not cnly be included in the system of models 
of the FAP, but will also be used for decision-making processes 
in Poland. 

Kirit S. Parikh Andrzej Wierzbicki 
Program Leader Area Leader 
Food and Agriculture Program Systems and Decision Sciences 
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COORDINATION OF SECTORAL PRODUCTION 
PLANNING USING PRICES AND QUOTAS 
( A  CASE STUDY FOR THE POLISH 
AGRICULTURAL MODEL) 

1 . INTRODUCTION 

The a g r i c u l t u r a l  model o f  Poland o u t l i n e d  by Podkaminer 

( i n  p r e s s )  i s  composed o f  s e v e r a l  submodels. One submodel, 

t h e  p roduc t ion  model, c o n s i s t s  of  m submodels, each one r e l e v a n t  

t o  a s p e c i f i c  s u b s e c t o r  o f  t h e  P o l i s h  a g r i c u l t u r e  which a r e  e i t h e r  

state-owned o r  c o o p e r a t i v e s ,  o r  one o f  t h r e e  t y p e s  o f  p r i v a t e  

ownership. The c o o r d i n a t i o n  o f  t h e  s e c t o r a l  p roduc t ion  p l a n  

has  t o  b e  ach ieved by f i x i n g  t h e  p roduce rs4  p r i c e s  f o r  i n p u t s  

and o u t p u t s  s o  t h a t  t h e  s e c t o r a l  optimum p lan  i s  c o n s i s t e n t  w i t h  

t h e  o v e r a l l  optimum p l a n  and some a d d i t i o n a l  requ i rements ,  

exp la ined  i n  S e c t i o n  2 ,  a r e  f u l f i l l e d .  S ince  i n  some c a s e s  it 

i s  n o t  p o s s i b l e  t o  m e e t  t h e  requ i rements  o f  t h e  s e c t o r a l  p l an  

by f i x i n g  p r i c e s ,  A -  Wierzb ick i  sugges ted  e s t a b l i s h i n g  quo tas  

f o r  s p e c i f i c  p roduc ts .  

The b a s i s  f o r  t h i s  r e s e a r c h  has  been a two-stage approach 

o u t l i n e d  by L.  Podkaminer. F i r s t ,  one s t a r t s  w i t h  a model w i t h  

which t h e  f u l l  p o t e n t i a l  of  t h e  a g r i c u l t u r e  a s  a whole can  be 

s t u d i e d  i n  o r d e r  t o  de te rmine  t h e  d e s i r e d  p a t t e r n  and l e v e l  o f  

p roduc t ion  f o r  each s e c t o r .  Then, w i t h  a method such a s  t h e  one 

p resen ted  i n  t h i s  paper ,  p r i c e s  can be  determined-and i f  need 

be,  quo tas .  



This paper deals mainly with the problem of developing a 

method for determining prices and quotas and with the problem 

of determining an overall plan for all agricultural sectors. 

This research was begun at the same time as the research presented 

by Podkaminer (1981) who makes a general formulation of the 

problem. Therefore, to avoid repetition, the problem is only 

briefly described in section 2. However, the method of solving 

the problem differs from the one proposed by Podkaminer (1981). 

2. FORMULATION OF THE PROBLEM 

The problem of direct versus indirect controlling of economic 

activities in a centrally planned economy within the context of the 

Polish agriculture is discussed by Podkaminer (1981), who argues 

that profit oriented motives should be used as the sole basic 

instrument for controlling the planning of the agricultural 

producers. A government agency would thus be able to control 

more efficiently both the production pattern and use of resources 

by setting prices and, if necessary, quotas than by any admini- 

strative measures. 

According to the two-stage approach mentioned above a 

government agency decides on an overall plan for agriculture in 

such a way as to use the full potential of agriculture (including 

possible trade) taking current social needs into account. The 

method of determining such a plan plays a key role within the 

decision-making process, but since it is not the main topic of 

this paper, only a brief discussion of two possible approaches 

to this overall planning is presented in Appendix A. In the 

following we shall assume that an overall plan and the desired 

sectoral plans (which are a part of the overall plan) are deter- 

mined prior to an attempt to set prices and, if necessary, quotas, 

and solve the problem of sectoral planning on the level of the 

producer. This assumption differs from that of Podkaminer (1981) 

who proposes the simultaneous determination of an overall plan 

and of prices. 



Hence t h e  problem can be fo rmu la ted  a s  f o l l ows :  

Based on an o v e r a l l  p l an  f o r  a g r i c u l t u r e  which cou ld  be 

determined,  f o r  example, a s  d i s c u s s e d  i n  Appendix A,  t h e  

aim is t o  f i n d  i ns t rumen ts  f o r  c o n t r o l l i n g  t h e  p l ann ing  of 

p roducers  w h i l e  t a k i n g  i n t o  accoun t  t h e  f o l l ow ing  r e q u i r e -  

ments : 

R1 The op t ima l  p l a n s  f o r  a l l  s u b s e c t o r s  (accord ing  t o  

each  l o c a l  g o a l  f u n c t i o n )  have t o  be  c o n s i s t e n t  

w i t h  an  o v e r a l l  p l a n  of t h e  P o l i s h  a g r i c u l t u r e .  

R2 Loca l  g o a l  f u n c t i o n s  need n o t  be  mutua l l y  c o n s i s t e n t .  

R3 The p roduc t i on  t a r g e t s  are n o t  a l lowed a s  i ns t rumen ts  

of c o n t r o l .  

R4 P r i c e s  a r e  expected t o  be  t h e  main i ns t rumen t  used 

f o r  c o n t r o l l i n g  a l l  s e c t o r s .  

R5 P r i c e s  f o r  p roduc t s  and p roduc t i on  i n p u t s  have t o  

be t h e  same f o r  a l l  s e c t o r s .  

R6 I f  t h e r e  are no p r i c e s  which f u l f i l l  requ i rements  

R1 t h rough  R5, it is  p e r m i s s i b l e  t o  i n t r o d u c e  quo tas  

i n  a g i ven  s e c t o r  f o r  a g i v e n  p roduc t .  However, t h e  

o b j e c t i v e  is t o  i n t r o d u c e  as few q u o t a s  as p o s s i b l e .  

I f  a  quo ta  i s  e s t a b l i s h e d ,  a f i x e d  p r i c e  i s  pa id  

f o r  a commodity on l y  i f  t h e  q u a n t i t y  s o l d  does n o t  

exceed t h e  quo ta .  I f  t h e r e  i s  a s u r p l u s  i n  produc- 

t i o n ,  a lower p r i c e  may be pa id .  Hence t h e  quo ta  

is n o t  a l i m i t  on p roduc t ion .  

R7 C o n s t r a i n t s  on i n p u t s  can  a l s o  be i n t r oduced  i f  

necessa ry  o r  p r e f e r r e d  i n  p l a c e  o f  quo tas .  

R8 There  shou ld  be a lmos t  no reason  f o r  t h e  v i o l a t i o n  o f  

a l i c e n s e ,  i f  any ,  f o r  quo tas  and l i m i t e d  r e s o u r c e s .  

R9 P r i c e s  shou ld  f u l f i l l  a d d i t i o n a l  r equ i remen ts  ( t h a t  

r e s u l t  from a s s u r i n g  a l e v e l  o f  minimal and/or  

maximal income t o  be w i t h i n  c e r t a i n  bounds, t o  

r e f l e c t  changes i n  p r i c e  ove r  t i m e ) .  These are 

g iven  i n  s e c t i o n  3.  



The Problem of  S e c t o r a l  P lann ing 

Each s e c t o r  is assumed t o  be composed o f  p roducers  w i t h  

s i m i l a r  t e c h n o l o g i c a l  and behav io ra l  c h a r a c t e r i s t i c s .  W e  a l s o  

assume t h a t  p roducers  i n  each s e c t o r  behave i n  a r a t i o n a l  way. 

I n  o t h e r  words, g iven  p r i c e s  f o r  a l l  p roduc t s  and p roduc t ion  

f a c t o r s ,  t e c h n o l o g i c a l  c o n s t r a i n t s ,  and a v a i l a b l e  i n p u t s ,  t h e  

producers  a r e  assumed t o  choose f o r  each s e c t o r  a p roduc t ion  p lan  

which w i l l  maximize t h e i r  own g o a l  f unc t i on .  

There fo re ,  t h e  g e n e r a l  fo rmu la t ion  of t h e  problem of  

s e c t o r a l  p lann ing  can be formula ted a s  fo l lows :  

F ind a p roduc t ion  p a t t e r n  x c R: and use  o f  p roduc t ion  
i 

i n p u t s  s c R: such a s  t o  maximize i 

s u b j e c t  t o  

where c and p a r e  g iven  v e c t o r s  of p r i c e s  f o r  p roduc ts  and i n p u t s  

r e s p e c t i v e l y ,  Ai and Bi a r e  m a t r i c e s  o f  f i x e d  c o e f f i c i e n t s  f o r  

t e c h n i c a l  c o n s t r a i n t s ,  bi a r e  v e c t o r s  o f  a v a i l a b l e  l o c a l  i n p u t s ,  

di  is a v e c t o r  o f  common i n p u t s  and x i s  a v e c t o r  of  quo tas .  i 

The c o n s t r a i n t  ( 2 . 3 )  imp l i es  t h a t  t h e  government agency 

w i l l  set  a l i m i t  on i n p u t s ,  whereas c o n s t r a i n t  ( 2 . 4 )  i m p l i e s  t h a t  

t h e  agency w i l l  set  quo tas .  On f i r s t  s i g h t  ( 2 . 4 )  may appear  

t o  be a k ind o f  l i m i t ,  b u t  it i s  not .  Th is  p a r t i c u l a r  formula- 

t i o n  is used t o  s i m p l i f y  t h e  f o l l ow ing  p r e s e n t a t i o n  i n  s e c t i o n  3 .  



A more d e t a i l e d  d i s c u s s i o n  of  q u o t a s  i s  g i ven  i n  Appendix B.  

I f  a  quo ta  o r  l i m i t  f o r  any commodity i s  n o t  i n t roduced ,  

t h e  r e l e v a n t  c o n s t r a i n t  is d i s r e g a r d e d .  

3. THE DETERMINATION OF PRICE QUOTAS AND LIMITS 

The problem b o i l s  down t o  de te rm in ing  t h e  paramete rs  o f  t h e  

g o a l  f u n c t i o n s  ( 2 . 1 ) ,  v e c t o r s  c  and p ,  t h e  r i g h t  hand s i d e  o f  

t h e  c o n s t r a i n t s ,  i n  o t h e r  words t h e  l i m i t s  di and t h e  q u o t a s  
- - 

x  of c o n s t r a i n t s  ( 2 .3 )  and (2.41, i n  such a  way a s  t o  a s s u r e  i 
t h a t  t h e  op t ima l  s o l u t i o n s  w i l l  be equa l  t o  a  g i ven  one and add i -  

t i o n a l  requ i rements  a r e  m e t  [ s e e  (3.12) t o  ( 3 .18 ) ]  . 
To beg in  w i t h  l e t  us  s t a r t  w i t h  a  s imp le  example t h a t  

i l l u s t r a t e s  a  c a s e  f o r  which p r i c e s  canno t  b e  determined which 

would f u l f i l l  r equ i remen ts  R1 - R5. 

W e  s h a l l  c o n s i d e r  two s e c t o r s  and two commodit ies.  Le t  

op t ima l  s o l u t i o n s  o f  a n  o v e r a l l  p l a n  (see F i g u r e s  l a  and b) be 
A 

X, and G2 r e s p e c t i v e l y ,  and E l ,  E2, Dl , D2 be a c t i v e  c o n s t r a i n t s .  

F i gu re  1 .  Example of a  c a s e  i n  which p l ann ing  can n o t  on l y  be 
c o n t r o l l e d  th rough p r i c e s .  



It is obvious that the price vectors c l  and c2 have to be 

such that 

a , ,  a2 2 0 

where VDl, OD2, VE,, VE2 denote gradients of the active constraints 

and there are no ai, i = 1, ..., 4, such that c, = c2. 

The example illustrates that for some solutions one would 

not be able to avoid introducing a quota. Such a situation will 

probably occur if technologies between sectors differ considerably. 

Let us consider the problem of prices from the point of view 

of a given sector (the index i for a given sector will be neglected 

in the following). 

An admissible set of solutions will be defined by local 

constraints Dl and D2 (see Figure 2). The optimal solution deter- 
A 

mined by an overall plan is 2 = (2  x2), the reason being that 

constraint G is due to limited global inputs. Should the constraint 

G be non-active, the optimal solution would be 2' (see Figure 2a) . 
Should a limit for commonly used inputs and differences of prices 

between sectors be allowed, the price vector must be a linear 

combination of the gradients of the active constraints VG and 

VD2. Should there be no limit for common inputs, the only price 

vector,for which the optimal solution of a given sector remains 

constant without further changes of constraints, will be VD2. 

This in turn implies that the optimal solution will not be unique. 

Moreover, the producers in a given sector can choose a solution 

which is not an acceptable one within the framework of the global 

problem. Note that the price (see Figure 2b) can be determined 

by application of the Dantzig Wolfe algorithm (see Appendix A). 

But this price could be different in another sector. Moreover, 

since with this price there is no unique solution for a given sec- 

tor, using the Dantzig Wolfe algorithm, a high-ranking decision- 



F igure  2 .  An i l l u s t r a t i o n  of  d i f f e r e n t  ways of  p r i c e  determina-  
t i o n .  



maker chooses a s o l u t i o n  i n  t h e  form o f  a convex combinat ion o f  

p rev ious l y  ob ta ined  s e c t o r a l  s o l u t i o n s  ( i n  ou r  example A and B 

i n  F i g u r e 2 b ) .  I f  t h e  Dantz ig Wolfe a lgo r i t hm i s  used,  a s e c t o r a l  

s o l u t i o n  must be g iven  f o r  a s e c t o r  i n  a d d i t i o n  t o  p r i c e s .  

There fo re  w e  do n o t  app ly  t h e  Dantz ig Wolfe a lgor i thm t o  s o l v e  

our  problem. 

I n  o r d e r  t o  be c e r t a i n  t h a t  t h e  d e s i r e d  s o l u t i o n  w i l l  

a c t u a l l y  be chosen,  a t  l e a s t  one a d d i t i o n a l  c o n s t r a i n t  must be 

in t rgduced.  The s i m p l e s t  would be t o  i n t roduce  a quota  f o r  a 

product ,  i n  o t h e r  words a c o n s t r a i n t  of t h e  t y p e  xJ 5 z'. For 

which product  a quota  should  be in t roduced ,  depends on t h e  f i n a l  

cho i ce  o f  t h e  p r i c e  v e c t o r  c. I f  t h e  p r i c e  v e c t o r  i s  a l i n e a r  

combinat ion o f  VD2 and Vx1,a quota  f o r  x l  shou ld  be in t roduced ,  

and i f  E is  a combinat ion of VD2 and Vx2 a quo ta  f o r  x2 is  

e s t a b l i s h e d  ( s e e  F igu res  2c and 2 d ) .  

L e t  us  now fo rmu la te  a method of de te rmin ing  p r i c e s  and- 

i f  needed-quotas and l i m i t s .  I t  is  p o s s i b l e  t o  ana lyze  t h e  

r e l a t i o n s h i p  between a l l  t h e  v a r i a b l e s  cons idered  (such a s  

p r i c e s ,  shadow p r i c e s ,  and shadow p r i c e s  f o r  quo tas )  u s i n g  t h e  

fo l lowing equa t i ons  (3 .3 )  through (3.10) . 
The c o n d i t i o n s  o f  o p t i m a l i t y  f o r  2 and 5 f o r  t h e  problems i i 

de f i ned  by (2.1 - 2.4) f o r  each s e c t o r  can be formula ted a s  a 

s o l u t i o n  t o  a dua l  system f o r  t hose  a c t i v e  c o n s t r a i n t s  which 

a r e  taken  i n t o  c o n s i d e r a t i o n .  Such a s o l u t i o n  w i l l  be composed 

of  v e c t o r s  c, p ,  ui, vi and X i ,  h i  be ing  v e c t o r s  of Lagrange 

m u l t i p l i e r s  o f  t h e  s e c t o r a l  problems (be ing  p a r t  of  t h e  o v e r a l l  

problem).  

Le t  fii and gi, i = 1.. . .,m, be submatr ices o f  Ai and Bi 

composed of rows t h a t  have been a c t i v e  i n  a s o l u t i o n  of an over -  

a l l  p lann ing problem. The fo l low ing  c o n d i t i o n s  have t o  be f u l -  

f i l l e d :  



uJ = 0  i f  2: > 0  and no quo ta  f o r  x i  e x i s t s  
i 

(3 .7)  

vJ = 0 i f  g: > 0  and no l i m i t  f o r  s i  e x i s t s  i 

uJ 2 0  i f  ii 2 0  and quo ta  f o r  x i  i s  i n t roduced  i (3 .9 )  

vJ r 0  i f  2: 2 0  and l i m i t  f o r  s i  i s  i n t r oduced  i 
(3.10)  

where j i s  t h e  index  f o r  p roduc t s ,  i is t h e  index  f o r  a  s e c t o r ,  

and T means a  m a t r i x  t r a n s p o s i t i o n .  

Note t h a t  t h e  necessary  c o n d i t i o n  f o r  a  problem w i t h  a  l i n e a r  

g o a l  f u n c t i o n  and n o n l i n e a r  c o n s t r a i n t s  can b e  fo rmu la ted  i n  a 

s i m i l a r  way, i. e. m a t r i c e s  i T  and iT would be  r e p l a c e d  by r e l e v a n t  

g r a d i e n t s .  

A s u f f i c i e n t  and necessa ry  c o n d i t i o n  f o r  f o rmu la t i ng  t h e  

problem o f  p r i c e s  i s  t h a t  t h e  base  m a t r i x  is known. T h i s  prob- 

l e m  may b e  so l ved  no m a t t e r  what c r i t e r i o n  h a s  been adopted f o r  

choos ing an  o v e r a l l  p l a n ,  even i f  t h e  r e s u l t i n g  s o l u t i o n  f o r  a  

s e c t o r  is n o t  on a  v e r t e x .  

s i n c e  t h e  sys tem o f  e q u a t i o n s  (3 .3)  - (3 .10)  does n o t  have 

a  unique s o l u t i o n ,  one c o u l d  look  f o r  t h e  s o l u t i o n  which i s  

n e a r e s t  t o  a  g iven  one. L e t  c and 5 be v e c t o r s  o f  r e f e r e n c e  

p r i c e s  ( t h e s e  can be wor ld  p r i c e s  p r i c e s  from t h e  p rev ious  y e a r  

o r  p r i c e s  which were used i n  an e f f e c t i v e  p l a n ) .  The f o l l ow ing  

problem can  t hen  be  formula ted:  f i n d  a  v e c t o r  of  p r i c e s  s o  t h a t  



s u b j e c t  t o  c o n d i t i o n s  (3 .3  through 3.10) w i t h  p o s s i b l e  ex tens ion  

accord ing t o  t h e  comments p resen ted  above. A s  a norm l1 o r  lm 

may be app l i ed  i f  one needs t o  use  LP methods. 

A s o l u t i o n  t o  t h e  above problem may no t  meet t h e  requ i re -  

ments R8 and R9. I f  t h e  fo l low ing  c o n d i t i o n s  a r e  f u l f i l l e d  t hen  

R8 and R9 would be m e t .  R8, which s t a t e s  requ i rements  f o r  p r i c e s ,  

can a l s o  be formula ted a s  fo l lows :  

cJ = 0 i f  t h e  product  i s  nonmarketable 

k  cJ = c i f  j , k  E Jk which i s  set  of  commodit ies 
t h a t  a r e  t h e  same ( f o r  
example, a  s p e c i f i c  product  (3.15) 
produced by d i f f e r e n t  tech-  
no log ies )  

A A 
- 

R .  5 cx - psi 5 Ei f o r  i = l , . . . , m  
01. i (3.16) 

er - 
where c ,  c and 2 ,  p a r e  lower and upper bounds f o r  p r i c e s  which - - 
were set  i n  o r d e r  t o  keep p r i c e s  from vary ing  t o o  much from yea r  

t o  year .  (3.16)  r e f l e c t s  t h e  range o f  income t o  a  g iven  s e c t o r .  

Requirements, which s t e m  from R9, w i l l  be d i scussed  i n  more 

d e t a i l .  Under a  system of  c o n t r a c t s  and l i m i t s  ( r a t i o n i n g  o f  

product ion i n p u t s )  an exchange market f o r  p roduc ts  and i n p u t s  

could be developed. Should such a  market deve lop,  t h e  govern- 

ment agency would l o o s e  e f f e c t i v e  c o n t r o l  o f  t h e  p roduc t ion  

p a t t e r n l a n d  i n p u t s  and t h e  a c t u a l  p roduc t ion  may d i f f e r  consid-  

e r a b l y  from t h a t  determined by t h e  o v e r a l l  p lan .  Moreover, a  

g rave  sho r tage  o f  some i n p u t s  may occur .  To avo id  t h i s ,  one 

should look f o r  ins t ruments  which would a lmost  never cause  a  

v i o l a t i o n  of  l i c e n s e s  of i n p u t s  and p roduc ts .  



If ui (vi) are positive,then they can be interpreted as the 

marginal effectiveness of quotas (limits),and it is obvious that: 

- there would be no reason to exchange licenses for the 

j-th product between any two sectors if 

- the same applies for inputs 

- there is no reason in the i-th sector to change from one 

technology used to produce a specific commodity to another 

one if 

We shall now briefly discuss the feasibility of the price 

problem. Obviously,the system of equations (3.1) through (3.19) 

may be infeasible. In our opinion this is due to the nature of 

the problem and there is no alternative way of solving it. We 

can recommend four methods of dealing with the problem, in case 

it is infeasible. 

1.  Changing the overall plan may seem to be the simplest 

way to avoid this problem. But after examining the 

problem, we have come to the conclusion that in most 

cases, only a remarkable change in the overall plan 

would permit a feasible solution (if no other assump- 

tions are changed). Illustratively speaking, a solution 

for each sector should be on a vertex that might be 

supported by a hyperplane common to all sectors. This 

may occur if the technologies of the sectors do not 



d i f f e r  ve ry  much o r  admiss ib le  sets a r e  n o t  " f l a t "  

i n  t h e  neighborhood of op t ima l  s o l u t i o n s .  There fo re  

we would recommend t h e  f o u r t h  approach i n s t e a d  o f  

t r y i n g  t o  change t h e  o v e r a l l  p lan .  

2 .  The s i m p l e s t  way t o  f i n d  a  f e a s i b l e  s o l u t i o n  i s  t o  d i s -  

r ega rd  some c o n s t r a i n t s  which s t e m  from R8 and/or R9. 

3. I f  t h e  l a t t e r  p roposa l  i s  n o t  a c c e p t a b l e  t h e  most 

promis ing method seems t o  be r e p l a c i n g  some of  t h e  hard 

c o n s t r a i n t s  by s o f t  c o n s t r a i n t s .  Such an approach can 

be c l e a r l y  i n t e r p r e t e d  and summarized a s  fo l lows :  i f  

t h e  income which r e s u l t e d  from a  v i o l a t i o n  o f  a  l i c e n s e  

i s  r e l a t i v e l y  sma l l ,  one cou ld  t h e n  expec t  t h a t  no one 

would v i o l a t e  a  l i c e n s e .  

4 .  Another promis ing approach is e q u i v a l e n t  t o  f o rmu la t i ng  

and s o l v i n g  t h e  fo l low ing  problem. 

Find a  v e c t o r  of p r i c e s  c ,  p  and v e c t o r s  X and t (o f  dummy 
i 

v a r i a b l e s )  which s o l v e  t h e  fo l low ing  problem: 

min 11 tll (3.19)  

where ti = ( t i l , t  i 2 1 . . .  I t i , n+k  1 
sub j  ect t o  

and (3 .4 )  - (3 .10)  and (3 .12)  - ( 3 . 1 8 ) .  

The s o l u t i o n  a lways e x i s t s  and can  be i n t e r p r e t e d  a s  f o l l ows .  

L e t  

Iltll = max Itij I 
i t  j  

where p > 0 a r e  weight  c o e f f i c i e n t s .  
j  



By applying prices for products defined as 

differences in prices are permissible, but sectoral solutions 
% 

obtained for ci are consistent with an overall plan. When 

applying the norm ( 3 . 2 2 )  instead of ( 3 . 2 1 )  a solution can be 

found in which different weights are associated with prices 

that may differ considerably. 

Note, that if 

then differences between prices for a given commodity in any 

two sectors is not greater than 2 ~ .  

Now we can examine solutions determined by each sector by - 
applying instead of ci. The differences between these solu- 

tions and those obtained in an overall problem may be acceptable. 

Moreoverfit is reasonable to assume that each producer 

behaves like a homo-economicus but his choice of production 

pattern may slightly differ from the optimal solution obtained 

by computation of a model. 

4. IMPLEMENTATION 

4.1 Overall Production Planning 

Although it is not the main topic of our research, some 

effort has been made to develop software which will aggregate 

the sectoral production models (4 agricultural ones and one 

which accounts for the rest of the Polish economy) into one LP 

model. A feasible solution (or plan) for the economy as a 

whole could then be determined with special emphasis on agri- 

cultural planning. The program MERGE, described by Makowski 

and Sosnowski (forthcoming), has been developed for this purpose. 



For this overall problem one can apply a single objective 

which is either defined in each submodel, or introduced by 

defining the multi-objective problem and specifying only one 

goal, whichever way is easier for the user. 

The alternative to defining a single objective is solving 

a multicriteria optimization problem (Wierzbicki, 1979). One 

may define several objectives, for instance, maximization of 

each type of product, minimization of the use of inputs. One 

may also define more complex objectives which are linear cornbin- 

ations of variables specified in the model (for example, the 

weighted sum of various types of meats). For each objective, 

a decision maker specifies a desired value (i.e. a value that 

she or he is willing to obtain for a corresponding objective). 

AS a result of solving the multicriteria overall plan, 

a Pareto optimal solution is chosen, such that the following 

selection function attains its maximum 

w(g) = min - gi) 

where gi and gi are the i-th objective and its reference point 

(or desired level) and ai is a weight coefficient. In the case 

where the solution is such that decision makers would like to 

change priorities among the objectives, ai is changed. In this 

case it is much easier to change a than a reference point. i 

The i-th objective is defined as 

where x is a variable of any submodel and Bij is the corresponding 
j 

weight coefficient. 

The maximization of (4.1) subject to (4.2) and subject to 

the constraints specified in all the submodels considered, results 

in determining a Pareto optimal solution and the corresponding 



va lues  of t h e  o b j e c t i v e  f u n c t i o n s .  T h e i r  p r o p e r t i e s  a r e  d i s c u s s e d  

i n  Appendix B. 

The maximizat ion of  t h e  s e l e c t i o n  f u n c t i o n  (4 .1 )  is performed 

by s o l v i n g  a  s p e c i a l l y  gene ra ted  LP problem. The approach i s  

s i m i l a r  t o  t h a t  o f  K a l l i o ,  Lewandowski and Orchard-Hays (1980 ) ,  

b u t  w e  u s e  a  s l i g h t l y  d i f f e r e n t  s e l e c t i o n  f u n c t i o n  and a  d i f f e r e n t  

way f o r  p rov id i ng  t h e  i n fo rma t i on  needed f o r  d e f i n i n g  t h e  c r i t e r i a .  

Th i s  is  much more e f f i c i e n t  i f  t h e  m u l t i c r i t e r i a  problem i s  

genera ted  by t h e  same program t h a t  per forms t h e  agg rega t i on .  

4.2 Determinat ion  of  P r i c e s ,  Quo tas  and Approximate S o l u t i o n s  

~ l t h o u g h  p r i c e s  shou ld  be t h e  major  t o o l  o f  c o n t r o l l i n g  

s e c t o r a l  p l ann ing ,  t h e r e  a r e  s i t u a t i o n s  where e i t h e r  q u o t a s  o r  

an approximate s o l u t i o n  w i l l  have t o  be a c c e p t a b l e .  

Due t o  t h e  s i z e  o f  t h e  o v e r a l l  p l ann ing  problem and t h e  

n e c e s s i t y  o f  ana l yz i ng  many s c e n a r i o s  w i t h  d i f f e r e n t  assumpt ions,  

t h e  on ly  r e a l i s t i c  way t o  cope i s  t o  deve lop  a  problem o r i e n t e d  

g e n e r a t o r .  Such a  g e n e r a t o r  has  been made o p e r a t i o n a l  and gen- 

e r a t e s  an a p p r o p r i a t e  LP problem f o r  f i n d i n g  p r i c e s  and,  i f  

a l lowed,  quo tas .  These a r e  then  used i n  s e c t o r a l  p l ann ing  accord-  

i n g  t o  t h e  needs o f  t h e  d e c i s i o n  maker. Many a l t e r n a t i v e s  may 

be examined. The g e n e r a t o r  can produce a  MPS f i l e  co r respond ing  

t o  a  problem r e f l e c t i n g  t h e  p l a n n e r ' s  requ i rements .  F i gu re  3 

o u t l i n e s  t h e  r e l a t i o n s h i p  between t h e  s e c t o r a l  models,  t h e  o v e r a l l  

p l ann ing  model, and t h e  de te rm ina t i on  o f  p r i c e s  (and p o s s i b l y ,  

quo tas )  . 
F i r s t ,  an o v e r a l l  p l ann ing  model i s  gene ra ted  u s i n g  t h e  

s e c t o r a l  models. One may d e f i n e  which rows a r e  t o  be aggrega ted .  

There i s  a l s o  t h e  p o s s i b i l i t y  o f  changing t h e i r  s t a t u s  ( f o r  

example, t o  make t h o s e  rows n e u t r a l  which a r e  used f o r  t e s t i n g  

t h e  s e c t o r a l  models and t o  a c t i v a t e  t h o s e  rows which a l l ow  f o r  

o v e r a l l  b a l a n c e s ) .  One may a l s o  d e f i n e  a  new g o a l  f u n c t i o n  o r  

use  t h e  m u l t i o b j e c t i v e  o p t i m i z a t i o n  o p t i o n .  The o v e r a l l  p lan-  

n i ng  model i s  t hen  s o l v e d ,  and t h e  p r i c e  problem i s  gene ra ted .  
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Figure 3. Flowchart of the generation of an overall planning 
problem and the corresponding price determination 
problem. 



The o v e r a l l  model ( i n  t h e  form of  a MPS f i l e ) ,  i t s  s o l u t i o n  and 

t h e  f i l e  c o n t a i n i n g  assumpt ions ( t o  be d i s c u s s e d  l a t e r )  a r e  

used. During t h e  g e n e r a t i o n  o f  t h e  p r i c e  problem, t h e  ob ta ined  

s o l u t i o n  is  b r i e f l y  e v a l u a t e d  by t h e  p r i c e  g e n e r a t o r ,  s o  as t o  

a s s u r e  t h a t  t h e  models r e f l e c t  t h e  g e n e r a l  assumpt ions ( f o r  

example, t h a t  no c o n s t r a i n t s  a r e  imposed on t h e  v a r i a b l e s ,  s i n c e  

t h a t  would be e q u i v a l e n t ,  e i t h e r  t o  t h e  c a s e  o f  a p roduc t ion  

g o a l  (non-zero lower bound) ,  o r  of  a q u o t a  (upper bound).  When 

t h i s  o c c u r s ,  a warning i s  p r i n t e d  o u t  and a p p r o p r i a t e  a c t i o n  i s  

taken  ( f o r  example, f o r  an a c t i v e  upper bound, a quo ta  i s  gene- 

r a t e d  even i f  it is n o t  a l lowed by t h e  c o n t r o l  v a r i a b l e s  which 

a r e  t o  be d i s c u s s e d  l a t e r  o n ) .  

F i n a l l y ,  t h e  p r i c e  problem i s  so lved .  A w r i t e r  t hen  ana l yzes  

t h e  r e s u l t s  and produces a r e p o r t .  I f  an  approximate s o l u t i o n  

is al lowed (o r  a check of t h e  p r i c e  s o l u t i o n  i s  d e s i r e d )  one can 

modify t h e  s e c t o r a l  models, by us ing  a program developed by B. 

Lopuch. These a r e  t h e n  so lved  i n  o r d e r  t o  examine how much, i f  

a t  a l l ,  s e c t o r a l  s o l u t i o n s  d i f f e r  from t h e  r e l e v a n t  p a r t  of  t h e  

cor responding o v e r a l l  p l an .  

The f e a t u r e s  of  t h e  g e n e r a t o r  f o r  t h e  p r i c e  problem w i l l  

be b r i e f l y  d i scussed .  Some of t h e  requ i rements  mentioned i n  

s e c t i o n  2 (R1, R2, R3, R 4 ,  R5) have a l r e a d y  been i nc luded  i n  

t h e  g e n e r a t o r .  I n  a d d i t i o n ,  p r i c e s  can on ly  be determined f o r  

marke tab le  produce.  (S ince  t h e r e  i s  some coope ra t i on  between 

s e c t o r s ,  t h e  group o f  i n t e r m e d i a t e  goods i s  i d e n t i f i e d .  P r i c e s  

f o r  t h o s e  goods a r e  gene ra ted  s o  t h a t  t h e  same good i s  an i n p u t  

f o r  one s e c t o r  and a p roduc t  i n  ano the r .  

One may d e a l  w i t h  t h e  remaining assumpt ions (see s e c t i o n  2 )  

by s e t t i n g  a p p r o p r i a t e  v a l u e s  f o r  t h e  c o n t r o l  v a r i a b l e s  which 

would, o r  would n o t ,  accord ing  t o  t h e  assumpt ions accep ted  f o r  

a c e r t a i n  s c e n a r i o  by t h e  d e c i s i o n  maker, a l l ow f o r :  

- t h e  i n t r o d u c t i o n  o f  quo tas  f o r  p roduc ts  

- t h e  i n t r o d u c t i o n  of  quo tas  f o r  i n p u t s  

- shadow p r i c e s  f o r  quo tas  be ing  t h e  same f o r  t h e  same 

good i n  a l l  s e c t o r s  



- the formulation of a disturbed problem, i.e. one that 

allows for differences in prices among sectors (see 

section 4) 

- the introduction of lower and/or upper bounds for prices 

- a minimal and/or maximal income for a particular sector 

or sectors. 

In addition, one may introduce the desired vector of prices 
- - (c, p, r), where r stands for prices of intermediate consumption 

goods. The following goal function is minimized so as to allow 

the selection of a solution that meets the requirements set by 

a decision maker, as much as possible: 

where Ic, I I ~ ,  Iu, I ~ ,  P' 
are sets of indices that correspond 

to all types of prices (for products, inputs and intermediate 

consumption goods), to a set of quotas, and to variables for 

which the approximate solution is sought. Depending on the 

scenario some of the sets may be empty. The vectors c, p, r are 

price vectors for products, inputs and intermediate consumption 

goods, respectively; u, v are shadow prices of quotas for products 

and inputs, respectively (quotas for intermediate consumption 

goods are not realistic and therefore are introduced); ti 
represents the difference between prices among sectors [see 

equation (3.2011. However, it is advisable to formulate the 

desired levels of all prices since this would result in finding 

a solution that is even "closer" to the decision maker's expec- 

tations. One should point out that, if no reference point is 

given, the zero price for many goods would be determined, which 

is not an acceptable solution. The weight coefficients W1, W2, 



W3 r e f l e c t  p r i o r i t i e s  ass igned  t o  t h e  co r respond ing  components 

o f  t h e  g o a l  f u n c t i o n .  I t  i s  a d v i s a b l e  t o  set  t h e  va lue  of W3 

r e l a t i v e l y  h i gh ,  s i n c e  o therw ise  t h e  s o l u t i o n ,  t h a t  a l lows  f o r  

d i f f e r e n t  p r i c e s  i n  each s e c t o r  i n  t h e  f i r s t  s t e p  (see e q u a t i o n  

3 . 2 3 ) ,  may be such  t h a t  d i f f e r e n c e s  a r e  l a r g e  (see e q u a t i o n  3 .24 ) .  

S ince  p r i c e s  have t o  be t h e  same f o r  a l l  s e c t o r s  and a r e  de f i ned  

a s  i n  ( 3 . 2 3 ) ,  t h e  r e s u l t i n g  s e c t o r a l  s o l u t i o n  may d i f f e r  

remarkably from t h e  one determined by t h e  r e l e v a n t  p a r t  o f  t h e  

o v e r a l l  p l an .  The r e l a t i o n  between W 1  and W2 depends on t h e  

p re fe rences  o f  a d e c i s i o n  maker. I f  one p r e f e r s  t o  have t h e  

p r i c e  s t r u c t u r e  " c l o s e r "  t o  t h e  d e s i r e d  s t r u c t u r e ,  a t  t h e  expense 

of i n t r o d u c i n g  more q u o t a s  o r  a l low ing  shadow p r i c e s  f o r  quo tas  

t o  d i f f e r  among s e c t o r s ,  t hen  W1 shou ld  be g r e a t e r  t h a n  W2. 

I n  t h e o p p o s i t e  s i t u a t i o n  t h e  r e l a t i o n  shou ld  be reve rsed .  

4.3 Pre l im inary  R e s u l t s  

S ince t h e  p roduc t ion  models a r e  s t i l l  be ing  worked on,  t h e  

r e s u l t s  p resen ted  i n  t h i s  paper  a r e  p re l im ina ry  and a r e  on ly  

g iven  f o r  t h e  purpose o f  demons t ra t ing  p o s s i b l e  ways o f  us ing  

t h e  proposed approach.  

I n  t h e  fo l low ing  t a b l e s  (Tab les  1 and 2 ) ,  r e s u l t s  used i n  

o v e r a l l  p lann ing  a r e  p resen ted  f o r  each approach.  I n  t h e  f i r s t ,  

t h e  goa l  f u n c t i o n  i n c l u d e s  n e t  income a t  wor ld market  p r i c e s ,  

and t h e  second uses  a r e f e r e n c e  p o i n t  whose components a r e  t h e  

n e t  p roduc t ion  f o r  major  p roduc ts  (be ing  t h e  sum of  co r respond ing  

p roduc ts  i n  a l l  s u b s e c t o r s )  and t h e  use  o f  i n p u t s .  A s  a r e f e r e n c e  

p o i n t ,  t h e  domest ic  p r i c e s  o f  1978 were used f o r  most goods, and,  

a s  a lower bound, one h a l f  o f  t h e  co r respond ing  p r i c e .  W e  have 

a l s o  t r i e d  t o  de te rmine  p r i c e s  f o r  t h e  o v e r a l l  p l a n  f o r  which 

t h e  goa l  i s  t h e  maximizat ion o f  p roduc t i on  va lue  (w i thou t  t a k i n g  

i n t o  account  t h e  c o s t  of  i n p u t s ) .  Such an u n r e a l i s t i c  approach 

r e s u l t e d  i n  p r i c e s  whose components, f o r  most of  t h e  i n p u t s ,  

w e r e  zero .  Th is  i l l u s t r a t e s  t h e  n e c e s s i t y  o f  cons i s tency  between 

g o a l s  f o r  o v e r a l l  p l ann ing ,  whether  i t h a s  a s i n g l e  o r  m u l t i p l e  

o b j e c t i v e ,  and t h e  expec ted  ( o r  d e s i r e d )  p r i c e  s t r u c t u r e .  



Table 1. Results of the solution to the price problem for 
single criterion overall planning. 

- 
P r i c e  I n d e x  Ref . p r i c e  

P r o d u c t s  - 
Wile a t  0 . 9 9 6 4  0 .96112  0 .5080  
R \ ' e  0 . 9 6 6 9  1 .24339  0 .4310  
B a r l c y  0 . 9 9 6 3  0 . 9 5 3 7 3  0 . 5 1 0 0  
O a t  0 . 3 9 6 0  0. 0 .3960  
P o t a t o e s  0 . 1 2 6 1  - 0 . 4 8 9 4 7  0.21170 
S ~ g a r  Bect 0.07G9 -0 .29U50 0 .1090  
Rapeseed 0 . 5 2 0 0  -0 .5000C 1 .0400  
&ar.s 1 . 2 1 5 0  - 0 . 5 0 0 0 0  2 .4300  
F l a x  F i b r e  0.30CC - 0 . 5 0 0 0 0  0 .6000  
Vegetal>;  c s  0 . 5 0 d 3  - 0 . 4 9 5 6 0  1 .0000  
r ' r n i t  0 . 9 6 0 0  0 .  0.96110 
Milk 5.320C 0. 5 .3200 
~ : ~ e f  3. 7 1  C"! 0. 3 .2100  
l 'ork 2 .1359  - 0 . 5 0 0 0 0  4 .2700  
1,nmb 11. 5 1 0 2  0 .  4 . 5 1 0 0  
I ' o u l t r y  3 . 3 0 4 6  - 0 . 0 2 8 0 0  3 .4000  
E q c ~ s  4.GjOO 0. 4 .6300  
Wool 0.26GO 0. 0 . 2 6 6 0  

t 4 e l i o r a t i o  
Feed 
Aouyht c h i  
E x p l o i .  c o  
Labor ( 1  j 
Labor  ( 2 )  
Laboi- ( 3 )  
Drougl i t  fo 
E x t e r n a l  d 
r c r t i l i z e r  
P e s t i c i d n ~  
Z l f c t r i c  c 
bloch inery  
S e r v i c e s  
I - : s t c r ~ l a l  m 
Cva l  
S c e d s  
r , m o r t i z a t i  
Veter. s c r  
l ' axes  
nksb  

C a l v e s  e k  
t ~ e i f c r s  e k  
C a l v e s  rn r?k 
Hei f  d .  el: 
C a l v e s  i n  
H e i f e r s  i n  
C a l v e s  m i n  
H e i f  d .  i n  
P i g  m e k  
P i g  w e k  
P i g  m i n  
P i g  w i n  
IJamb w ek 
Lari,b r;; el; 
iamb w i n  
1,amb rn i n  

- 0 . 5 0 0 0 0  
0 . 5 4 7 2 0  
0 .  
2 . 6 7 3 1 0  

- 0 . 5 0 0 0 0  
- 0 . 4 9 9 0 9  

0 . 0 1 6 0 9  
0 . 5 6 2 7 0  
0. 

- 0 . 1 5 1 3 8  
0. 
3 .  
0 .  

- 0 . 5 0 0 0 0  
0. 
0 .  
0 .  
3 . 3 8 2 3 0  
0 .  
1 . 2 1 3 5 0  
n o  r f p  

1 . 1 0 0 0  
0 . 6 3 3 0  
0 .0900  
1  .OOGO 

1 2 . 6 0 0 0  
2 1 . 8 0 0 0  
1 4 . 0 0 0 0  
52.  COO0 
6 5 . 0 0 0 0  

0 . 5 8 0 0  
1 . 0 0 0 0  
O.OC!O 
1 .0000  
1  .OCOO 
1  . o o o c  
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 .0000  
1 .0000  
none  



Table 2. Results of the price problem for the multicriterial 
overall plan. 

-- - 
P r o d u c t e  

\iht:ac 
Rye 
B a r l c y  
oa C 
PcrtaLoes 
Suqa: n e c ~  
Ral~csced 
Baans 
F l a x  F i b r e  
i r e g c t a b l c s  
F r u i L  
M i l k  
Reef  
P o r k  
La* 
r ; u l t r y  
Eggs  
WOO1 

I n p u t s  

M e l i o r a t i a  
F e e d  
Bought  c h i  
C x p l o i .  co 
k b o r  ( 1 )  
L a t o r  ( 2 )  
Labo r  ( 3)  
Drouqh t  lo 
ExLc:rnal d 
F ? r t i l  i z e r  
PC.< t i c i d e s  
E l p t r i c  (I 
Mach i l i c ry  
Ser?r! c e s  
E x t e r n a l  m 
C o a l  
S e e d s  
A n l o r t i z a t i  
VcLer .  s c r  
T d x e s  
n k s b  

c0cqYr. 
C a l v e s  e k  
H e i f e r s  e k  
C a l v e s  m e k  
Hcif d .  ek 
Calve:; i n  
H e i f e r s  i n  
C a l v e s  m r n  
N r i f  d .  i n  
P i g  rr, c k  
Picj w c k  
P i g  m i r i  
Fig w i n  
Lanb w vk 
Lamb m ek 
I.an~b w i~ 
Lamb m i n  -- 
ouo t a 

= Wrrcilt 
= P.yc 
= LI;lrl\?y 
= O.lt 
= r ' 0 t i : t o cs  - Suijdr :<cct 
= L~,? . l l l ! .  

= i , ' l . ~ x  F ' : b r c  
= V ~ : . , , . + . . ~ b l c n  
=. I."'JI t 

-0.50000 
-0.50000 

0. 
-0.50000 

0. 
-0.5OCOO 
-0.50000 
-0.50000 

1.02872 
-0. $0000 
-0.50000 

255.0'3002 
-0.53000 
-0.50000 
-0.50000 

0. 
-0.5000C 
-0.5GOd0 
-0.50000 
-0.50000 
n o  r f p  

Dua l  i'rrce -- 
0.0849 
0.0'359 
0.08'-9 
0.0289 
0.1235 
0.0638 
0.7433 
0.1263 
0.4933 
0.41U7 

. 

1.1000 
0.6440 
0.0900 
1.0000 

12.5000 
21 .8000 
14.0000 
52 .OOOO 
65.0000 

0.5800 
1 .no00 
0.0010 
1.0000 
1 .oooo 
1 .0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.9000 
n o n e  



Tab les  1 and 2 p r e s e n t  s e l e c t e d  r e s u l t s .  The f o l l ow ing  

n o t a t i o n  i s  used: t h e  index  i s  d e f i n e d  by 

index  = ( p r i c e  - r e f e r e n c e  p r i c e ) / r e f e r e n c e  p r i c e  

where r e f e r e n c e  p r i c e  i s  t h e  d e s i r e d  v a l u e  o f  a co r respond ing  

p r i c e .  Values co r respond ing  t o  quo tas  (Tab le  2) a r e  e q u a l  t o  a 

r e l e v a n t  shadow p r i c e  a s s o c i a t e d  w i t h  t h e  i n t r o d u c t i o n  o f  a cer- 

t a i n  quo ta  ( t h e  s i g n  "=" means t h a t  t h e  shadow p r i c e  must be 

e q u a l  f o r  a l l  s e c t o r s ,  accord ing  t o  an assumpt ion adopted f o r  

t h i s  r u n ) .  

The s o l u t i o n  t o  t h e  p r i c e  problem t h a t  co r responds  t o  t h e  

s i n g l e  o b j e c t i v e  o v e r a l l  p l a n  (Tab le  1 )  shows t h a t  it i s  some- 

t i m e s  p o s s i b l e  t o  c o n t r o l  s e c t o r a l  p l ann ing  on l y  by s e t t i n g  

p r i c e s .  However, f o r  some goods t h e s e  p r i c e s  d i f f e r  markedly 

from t h e  d e s i r e d  ones.  Th is  gap i n  p r i c e s  f o r  a s p e c i f i c  com- 

modity may be dec reased  by i n t r o d u c i n g  q u o t a s .  W e  have a l s o  

examined t h i s  s c e n a r i o ;  t h e  r e s u l t s  w i l l  be  p r e s e n t e d  i n  t h e  

f i n a l  r e p o r t .  

The o t h e r  s o l u t i o n  f o r  m u l t i c r i t e r i a  o v e r a l l  p l ann ing  

(Tab le  2) i l l u s t r a t e s  t h e  s i t u a t i o n  where t h e  g o a l s  d i s c u s s e d  

i n  s e c t i o n  2 canno t  be reached.  F i r s t  o f  a l l ,  p r i c e s  d i f f e r  

i n  t h i s  s o l u t i o n  much more from r e f e r e n c e  p r i c e s  t h a n  i n  Tab le  

1 .  Second, quo tas  f o r  some goods have t o  be i n t r oduced .  

F i n a l l y  t h i s  i s  an approx imate  s o l u t i o n  (see s e c t i o n  3 ) .  There- 

f o r e ,  one may expec t  t h a t  app l y i ng  t h e s e  p r i c e s  may r e s u l t  i n  

a d i f f e r e n t  s o l u t i o n  f o r  each  s e c t o r  t han  t h o s e  r e q u i r e d  by t h e  

o v e r a l l  p l a n .  The magni tude o f  t h e  d i f f e r e n c e s  i n  p r i c e s  may 

be examined by runn ing t h e  s e c t o r a l  models us ing  t h e  p r i c e s  

t h a t  have been determined p r e v i o u s l y  and a d d i t i o n a l  c o n s t r a i n t s ,  

accord ing  t o  t h e  quo tas .  F i n a l l y ,  w e  would l i k e  t o  r e s t a t e ,  

t h a t  t h e  r e s u l t s  p r e s e n t e d  h e r e  on l y  s e r v e  a s  an  i l l u s t r a t i o n  

o f  the method, s i n c e  t h e  model f o r  o v e r a l l  p l ann ing  has  been 

gene ra ted  by u s i n g  submodels t h a t  have n o t  been f u l l y  r e f i n e d ,  

and s i n c e  t h e  r e f e r e n c e  p o i n t  f o r  t h e  o v e r a l l  p l a n  h a s  been 



chosen a r b i t r a r i l y  by t h e  au tho rs .  Furthermore,  t h e  r e f e r e n c e  

p o i n t  and t h e  lower bounds f o r  p r i c e s  (which a r e  assumed t o  be 

equa l  t o  h a l f  o f  t h e  cor responding r e f e r e n c e  p r i c e )  have been 

chosen a r b i t r a r i l y .  
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APPENDIX A: THE PROBLEM OF OVERALL AGRICULTURAL 
PLANNING 

The agricultural production model consists of m sectors. 

The i-th sector produces n kinds of commodities xi E R: and 
k uses k types of inputs si E Ri. A set of admissible solutions 

for the i-th sector is defined by 

where Ai and Bi are matrices of technological coefficients, and 

bi is a vector of inputs in sector i. A constraining value of 

the inputs used jointly di and possible quotas xi are given. 

One can solve the optimization problem defined by a specified 

goal function and conditions A - A for each sector 

separately, but it is necessary to treat the allocation of some 

inputs as exogenous variables. 



A set of  adm iss ib l e  s o l u t i o n s  f o r  t h e  o v e r a l l  a g r i c u l t u r a l  

p l an  is  de f i ned  by 

where d  i s  a  v e c t o r  of  i n p u t s  a v a i l a b l e  f o r  a g r i c u l t u r e .  For 
m = 3 a ma t r i x ,  t h a t  d e s c r i b e s  t h e  adm iss ib l e  set ,  has  t h e  

s t r u c t u r e  g iven  i n  F igu re  4 .  

F igu re  4 .  The s t r u c t u r e  o f  t h e  c o n s t r a i n t s  of  t h e  o v e r a l l  
problem. 

L e t  us  cons ide r  t h e  problem of a  c e n t r a l l y  p lanned a g r i -  

c u l t u r a l  p roduc t ion .  Le t  



where X denotes  a  v e c t o r  o f  p roduc t ion  and S denotes  a  v e c t o r  

of  i n p u t s .  The o v e r a l l  p l an  may be ob ta ined  i n  t h e  fo l lowing 

two ways : 

1 .  maximizing t h e  a g r i c u l t u r a l  p roduc t ion  income wi th  

world market p r i c e s  ( o r  o t h e r  p r i c e s  a c c e p t a b l e  t o  a  

c e n t r a l  p l a n n e r ) .  

2 .  f i n d i n g  an e f f i c i e n t  p roduc t ion  ( m u l t i c r i t e r i a  o p t i -  

m i z a t i o n ) ,  which w i l l  be exp la ined  below. 

A p a i r  (X,S) de f i ned  by ( A . 6 )  belongs t o  a  set of tech-  

no log ies  T ,  (X,S) E T ,  i f  xi and sir  i = l , . .  . , m ,  a r e  such t h a t  

cond i t i ons  (A. 4 )  and ( A .  5 )  a r e  s a t i s f i e d .  

A v e c t o r  (X,S) is  more e f f i c i e n t  t han  ( X V , S ' )  E T i f  

(see Nikaido, 1968).  

A v e c t o r  (X,S) E T is  s a i d  t o  be e f f i c i e n t  (see Nikaido,  

1968) i f  no o t h e r  v e c t o r  belonging t o  T i s  more e f f i c i e n t  t han  

(X,S).  I n  o t h e r  words, one cannot  improve a produc t ion  p lan  

de f ined  by an e f f i c i e n t  v e c t o r  because,  i n  o r d e r  t o  i n c r e a s e  

t h e  product ion o f  one p roduc t ,  one has e i t h e r  t o  i n c r e a s e  t h e  

use  o f  i n p u t s  o r  t o  decrease  t h e  p roduc t ion  of ano the r  p roduc t .  

Hence, f i n d i n g  an e f f i c i e n t  v e c t o r  is e q u i v a l e n t  t o  

determin ing t h e  Pareto-optimum (Wierzb ick i , l 979)  f o r  a  c r i t e r i o n  

Usual ly more than  one e f f i c i e n t  v e c t o r  e x i s t s .  So l e t  us  assume 

t h a t  one can d e f i n e  a  d e s i r e d  p roduc t ion  p lan  (x,g), which 

does n o t  n e c e s s a r i l y  belong t o  T .  I n  t h i s  c a s e  it i s  p o s s i b l e  



t o  de f i ne  a s e l e c t i o n  func t ion  of e f f i c i e n t  product ion p lans .  

The s e l e c t i o n  func t ion  may be de f ined  a s  

where y > 0 and 6 < 0 a r e  weight c o e f f i c i e n t s .  An e f f i c i e n t  i j 
product ion p lan  may be determined by 

max w(X,S) (A. 10) 

s u b j e c t  t o  c o n s t r a i n t s  (A. 4 )  - (A. 6) . 
The problem of  maximization i n  (A.lO) can be reduced t o  

a  l i n e a r  programming problem. Two examples of choosing e f f e c t i v e  
- - 

p o i n t s  when t h e  re fe rence  p o i n t  (X,S) does o r  does n o t  belong 

t o  T a r e  given i n  F igures  5a and 5b. 

F igure 5. The de termina t ion  of e f f i c i e n t  p o i n t s .  



The a d m i s s i b l e  set  o f  s o l u t i o n s  i s  shaded.  The set  o f  

e f f i c i e n t  p o i n t s  i s  composed o f  two segments AB and BC. The 
- - 

e f f i c i e n t  p o i n t  n e a r e s t  t o  t h e  r e f e r e n c e  p o i n t  (XIS) is  deno ted  
A h  

by (XtS) 
- - 

For t h e  r e f e r e n c e  p o i n t  (XIS) E T and t h e  co r respond ing  
n A 

e f f i c i e n t  p o i n t  (XIS) i n  F igu re  5b t h e  f o l l ow ing  ho lds :  

n n 

X 2 X  and S S S  

A n 

The e f f i c i e n t  p o i n t  (XIS)  has  t h e  co r respond ing  p r i c e  v e c t o r  B ,  
w i t h  t h e  components IT ( p r i c e  f o r  p roduc t  X )  and 0 ( p r i c e  f o r  

t h e  i n p u t  S ) .  

The f o l l ow ing  shou ld  be p o i n t e d  o u t :  

1 .  Only r e l a t i v e  p r i c e s  can be determined.  I n  o t h e r  

words, any aB where a is  a p o s i t i v e  c o n s t a n t  is  a l s o  
A h  

a v e c t o r  o f  p r i c e s  co r respond ing  t o  t h e  p o i n t  (X IS) .  

A p r i c e  v e c t o r  w i l l  be c a l l e d  un ique i f  t h e  p r o p o r t i o n s  

between p r i c e s  a r e  f i x e d ,  u n l e s s  o the rw i se  s t a t e d .  

To o b t a i n  p r i c e s  i n s t e a d  o f  p r o p o r t i o n s ,  one may e i t h e r  

f i x  a p r i c e  o r  no rma l i ze  a p r i c e  v e c t o r .  

2. For  s e v e r a l  e f f i c i e n t  p o i n t s  ( i n  ou r  example A , B , C )  

t h e  p r i c e s  a r e  n o t  unique.  For  example, a t  t h e  p o i n t  

A any l i n e a r  combinat ion o f  8, and B 2  i s  a p r i c e  

v e c t o r .  

Thus, w i t h  a s e l e c t i o n  f u n c t i o n  (A.9) and a r e f e r e n c e  p o i n t  

one can f i n d  an e f f i c i e n t  p roduc t i on  p l a n  and a v e c t o r  o f  p r i c e s  

f o r  bo th  p roduc t s  and i n p u t s .  

One cou ld  t r y  t o  de te rm ine  t h e  same e f f i c i e n t  p l a n  by s o l v i n g  

an  LP problem, namely 

m 
max 1 ( r x i  + os i )  

i= 1 



s u b j e c t  t o  c o n d i t i o n s  (A.  4 )  and (A. 5 )  . For t h i s  approach,  

however, one has  t o  de te rm ine  p r i c e s  b e f o r e  s o l v i n g  t h e  problem 

( f o r  example, wor ld p r i c e s  can  be  t a k e n ) .  A l s o ,  a t  most p o i n t s  
A A 

- the p o i n t  ( X I S )  i n  F i gu re  5-the p r i c e  B a p p l i e d  t o  (A.12) 

r e s u l t s  n o t  o n l y  i n  t h e  same p o i n t ,  b u t  i n  t h e  e n t i r e  s e t  of 

e f f i c i e n t  so lut ions-segment  AB i n  F i g u r e  5. Thus, a  s o l u t i o n  

o f  (A. 12) is u s u a l l y  nonunique , wh i l e  a  s o l u t i o n  o f  (A.  9 )  i s  

u s u a l l y  unique.  



APPENDIX B: INTRODUCING QUOTAS 

According t o  t h e  requ i rement  R9 (see s e c t i o n  2 )  fo rmula ted 

by A. Wierzb ick i  t h e  problem of i n t r o d u c i n g  a  quo ta  b o i l s  down 

t o  a  change i n  t h e  s e c t o r a l  g o a l  f u n c t i o n  (2.1) :  

n  
max ( 1 min { c  .x!, c .iiJ + a . c .  ( x i  - iil) 1 - ps i )  

j=1 1 1  J i  J J  

where ~1 i s  a quo ta  f o r  t h e  j - t h  p roduc t  i n  t h e  i - t h  s e c t o r  and 

a  ( O < a j  
j 

< 1 )  r e f l e c t s  a  d e c r e a s e  i n  p r i c e  f o r  any s u r p l u s  

i n  p roduc t ion .  The f u n c t i o n  ( B . l )  d i f f e r s  from t h e  f u n c t i o n  

(2 .1 )  on ly  i n  t h e  p a r t  which i s  dependent  on t h e  v a r i a b l e s  x l .  

The f u n c t i o n  (B.1) i s  cont inuous and p iecewise  l i n e a r .  Two 
1 2 

examples o f  such a  f u n c t i o n  i n  one ( R  ) and two ( R  ) dimens iona l  

space  a r e  g iven i n  F igu re  6 .  

L e t  us  f o rmu la te  t h e  s e c t o r a l  problem w i t h  quo tas  i n  

e q u i v a l e n t  form which i s  more conven ient  f o r  ou r  a n a l y s i s ,  

namely 

n  
max , (cjx! + c . z . )  a  j - ps i )  

i 
x ; 2 0 z ~ t O s i , 0  ] = I  3 1 



s u b j e c t  t o  

where ca is  a v e c t o r  o f  p r i c e s  f o r  t h e  s u r p l u s  p roduc t i on  o f  

a s p e c i f i c  commodity, t h e  s u r p l u s  i s  deno ted  by zi. I f  a  quo ta  

is n o t  i n t r oduced  f o r  t h e  j - th  p roduc t  t h e n  Z! = +w.  For s i m -  
a p l i c i t y  w e  have assumed t h a t  c  = 0 .  

a b 

F i g u r e  6 .  Examples o f  f u n c t i o n s  w i t h  q u o t a s .  


