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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. There- 
fore, 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 percent of important agri- 
cultural attributes such as area, production, population, 
exports, imports and so on. 

In the course of the work on the development of models of 
centrally planned economies, the difficulties of estimating 
parameters of consumer behaviour in such economies where con- 
sumer markets cannot be assumed to be in equilibrium become 
apparent. Since the understanding of consumer behaviour is 
critically important in formulating plans and designing policies 
that facilitate the realization of plans, we have explored 
alternative approaches to this problem. In this paper Leon 
Podkaminer proposes a consumer demand system that may be 
universal in its parameters in which case it may be possible 
to use parameter estimates based on one country for describing 
the demand system of another. 

Kirit S. Parikh 
Program Leader 
Food and Agriculture Program 



PREFACE 

It is widely acknowledged that the Linear Expenditure 
System--or any system derived on the assumption of additive 
utility function--rules out direct substitution effects among 
the commodities. When applied to the study of the structure 
of demand for particular foodstuffs, any such demand study 
violates some of the legitimate intuition about actual 
substitutability of various food-stuffs: the similarity of 
nutritional content of any two (or more) otherwise "different" 
commodities does--to a great extent--seem to prejudge their 
actual substitutability. 

The paper presents a modified linear expenditure system, 
which, having all the advantages of the simple LES at the same 
time allows for direct substitutability of particular food- 
stuffs. The theory, related to K. Lancaster's idea of the "new 
approach to the demand study" appears rather fruitful. The 
estimates of the parameters of the system for Italy, the 
Netherlands, West Germany and Great Britain obtained on its 
basis exhibit a rather unusually high statistical significance. 
At the same time these estimates seem very much the same for 
all the four countries studied. 
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A LINEAR EXPENDITURE SYSTEM ALLOWING 
FOR DIRECT SUBSTITUTABILITY OF 
VARIOUS FOODSTUFFS 

I .  I n t r o d u c t i o n  

Food p o l i c y  planning i s  of v i t a l  importance i n  many 
c o u n t r i e s  of t h e  world. Besides t he -  ve ry  poor c o u n t r i e s  
where hunger p e r s i s t s ,  t h e  theme i s  t o p i c a l  wherever t h e  
governmental p o l i c i e s  t r y  t o  r e g u l a t e  t h e  a g r i c u l t u r a l  
product ion and y e t ,  a t  t h e  same t i m e ,  keep t h e  consumer 
s a t i s f i e d .  Also,  it i s  t h e  c e n t r a l l y  planned economies, 
where t h e  need f o r  adequate  food p o l i c y  planning man i f e s t s  
i t s e l f  wi th  t h e  g r e a t e s t  urgency. 

For q u i t e  a  long t ime t h e  s u b j e c t  of food p o l i c y  
planning has  been s e t  s o l e l y  i n  t h e  c o n t e x t  of d i e t a r y  
c o n s i d e r a t i o n s  t h a t  - a t  b e s t  - l e a d  t o  t h e  recommendations 
concerning t h e  u s e  of l i n e a r  programming models f o r  t h e  
de t e rmina t ion  of " b e s t "  d i e t s .  

While recogniz ing  t h e  r o l e  t h e  knowledge of t h e  
"optimum" d i e t s  may p l ay  i n  determining t h e  r a t i o n i n g  
schemes f o r  r e a l l y  extreme emergencies,  it seems q u i t e  
obvious ,  t h a t  g ran t ed  even l i m i t e d  freedom of cho ice  t h e  
consumers tend  t o  behave i n  a  way t h a t  i s  no t  n e c e s s a r i l y  
c o n s i s t e n t  w i th  t h e  d i e t a r y  recommendations. Supp l i e s  of 
f o o d s t u f f s  fo l lowing  t h e  l i n e a r  progral-~uning models f o r  
optimum d i e t s  - i f  t r i e d  t o  be d i s t r i b u t e d  through t h e  
market - and no t  through a  p r e t t y  s t i f f  system of r a t i o n i n g  - 
may t h e r e f o r e  r e s u l t  i n  sho r t ages .  With some f o o d s t u f f s  i n  
s h o r t  supply,  t h e  a d d i t i o n a l  r e d i s t r i b u t i o n  of some goods 
may then  t a k e  p l ace .  Also,  m a l n u t r i t i o n  may occur  - t h i s  
t ime no t  so  much a s  an  e f f e c t  of income i n  e q u a l i t y  a s  due 
t o  unequal  a c c e s s  t o  t h e  demanded f o o d s t u f f s .  



The moral  t o  t h i s  s t o r y  seems f a i r l y  obv ious .  Food 
p o l i c y  p l a n n i n g  ought  t o  a l l o w  f o r  consumers p r e f e r e n c e s  
even i n  t h e  s i t u a t i o n s  c h a r a c t e r i z e d  by seemingly  low l e v e l s  
o f  t h e  s a t i s f a c t i o n  o f  t h e  b a s i c  n u t r i t i o n a l  needs .  (McCarthy, 
1980 h a s  even d e t e c t e d  t h e  p r e s e n c e  of what seems t o  be  "snob" 
a t t i t u d e s  i n  t h e  demand f o r  food i n  P a k i s t a n ,  where s u b s i s t e n c e  
- l e v e l  consumption p a t t e r m s t i l l  p e r s i s t ) .  

11. Direct U s e  o f  t h e  L i n e a r  E x p e n d i t u r e  System 

I t  i s  w i d e l y  acknowledged t h a t  t h e  L i n e a r  E x p e n d i t u r e  
System - o r  some o f  i t s  a l r e a d y  known ( h o p e f u l l y  t h e r e  a r e  
more t o  come) m o d i f i c a t i o n s  such a s  Extended,  G e n e r a l i z e d ,  
Twice E x t e n d e d ( 3 l l  have " s t a t i c "  and "dynamic" v e r s i o n s )  may 
be  a  r e a s o n a b l e  approach  f o r  t h e  d e s c r i p t i o n  of  t h e  demand f o r  
"Food" r e g a r d e d  a s  a  s i n g l e  commodity, w i t h  i n d i r e c t  s u b s t i t u t e s  
d e f i n e d  i n  e q u a l l y  broad terms a s  s a v  " D u r a b l e s " ,  o r  "Hous ing" ) .  
However, t h e  t h e o r y  t h a t  t h e  mechanism r o r  a l l o c a t i o n  of  
t o t a l  e x p e n d i t u r e  on  food among p a r t i c u l a r  f o o d s t u f f s  i s  
d e s c r i b e d  by a n o t h e r  v e r s i o n  of  LES, w i t h  s p e c i f i c  commercia l ly  
a v a i l a b l e  food i t e m s  o r  g roups  of i t e m s  t r e a t e d  a s  s e p a r a t e  
commodit ies  does  n o t  seem conv inc ing .  The r e a s o n  f o r  t h i s  i s  
t h e  a d d i t i v i t y  of  t h e  S t o n e  - K l e i n  u t i l i t y  f u n c t i o n u n d e r -  
l y i n g  t h e  LES which r u l e s  o u t  t h e  d i r e c t  s u b s t i t u t i o n  
e f f e c t s  among p a r t i c u l a r  goods.  T h i s  however c o n t r a d i c t s  some 
of t h e  l e g i t i m a t e  i n t u i t i o n  a b o u t  a c t u a l  s u b s t i t u t a b i l i t y  of  
v a r i o u s  f o o d s t u f f s :  t h e  s i m i l a r i t y  of  t h e  n u t r i t i o n a l  c o n t e n t  
o f  two " o t h e r w i s e "  d i f f e r e n t  goods may, t o  a  g r e a t  e x t e n t ,  
p r e j u d g e  t h e i r  a c t u a l  s u b s t i t u t a b i l i t y .  ( I n  p a r t i c u l a r ,  t h e  
s u b s t i t u t a b i l i t y  of v a r i o u s  c e r e a l s  and s t a r c h y  p r o d u c t s  
canno t  b e  r e f l e c t e d  p r o p e r l y  i n  any  t r a d i t i o n a l  LES). 

T h i s  f a c t  h a s  two i m p l i c a t i o n s .  F i r s t ,  t h e  p a r a m e t e r s  
of  t h e  LES t o  b e  de te rmined  v i a  e s t i m a t i o n  p r o c e d u r e s  c a n n o t  
be assumed t o  b e  s t a t i s t i c a l l y  independen t  of  t h e  e r r o r s  
a f f e c t i n g  p a r t i c u l a r  e q u a t i o n s .  Hence, t h e  e s t i m a t e s  need 
n o t  b e  c o n s i s t e n t .  Second, t h e  a p p l i c a t i o n  o f  t h e  LES f o r  
t h e  d e t e r m i n a t i o n  o f  a c t u a l  demands ( o r  e q u i l i b r i u m  p r i c e s )  
must i g n o r e  t h e  p o s s i b i l i t y  of  s u b s t i t u t i o n .  I n  p a r t i c u l a r  
any such a n a l y s i s  would have t o  l e a d  t o  t h e  c o n c l u s i o n  t h a t  
t h e  demand f o r  any s p e c i f i c  good may n o t  f a l l  below t h e  
r e s p e c t i v e  s u b s i s t e n c e  l e v e l  - whatever  t h e  p r i c e  o f  t h e  
g o o d ' s  n a t u r a l  s u b s t i t u t e s .  Hence, w i t h  t h e  sup;>ly 9.: a  TOO^ 
approach ing  r e s p e c t i v e  s u b s i s t e n c e  dezand f o r  i t ,  i t s  ? r i c e  
should-- in  a  LES world--go t o  i n f i n i t y ,  whatever  t h e  prices 
of  t h e  n u t r i t i o n a l  s u b s t i t u t e s  a r e .  

111. I n d i r e c t  U s e  of  t h e  LES : P r e l i m i n a r i e s  

The proposed m o d i f i c a t i o n  f o l l o w s  t h e  i d e a  p r e s e n t e d  by 
L a n c a s t e r ,  1971. I t  i s  assumed t h a t  goods ( f o o d s t u f f s )  a r e  
" i n t e r m e d i a r i e s  which c a n  produce  t h e  p r o p e r t i e s  o r  
c h a r a c t e r i s t i c s  i n  which consumer i s  a c t u a l l y  i n t e r e s t e d " .  
I t  i s  proposed t o  i d e n t i f y  t h e s e  c h a r a c t e r i s t i c s  w i t h  t h e  
amounts of  p a r t i c u l a r  n u t r i e n t s  p rov ided  by t h e  f o o d s t u f f s  
consumed. I n  o t h e r  words,  t h e  consumer ' s  u t i l i t y  f u n c t i o n  
u ( q l  , a 2 , .  . . q n )  d e f i n e d  o v e r  t h e  set  of  f o o d s t u f f ' s  b u n d l e s  
( q 1 , q 2 , . . . , q n )  i s  assumed t o  b e  o f t h e  f o l l o w i n g  form: 



where m i s  t h e  number of  n u t r i e n t s  t a k e n  i n t o  a c c o u n t  and 

ai j  i s  t h e  amount of  n u t r i e n t  i c o n t a i n e d  i n  t h e  u n i t  o f  

j  - t h  f o o d s t u f f  and U(vl  , v 2 , .  . . ,vm) i s  a  u t i l i t y  f u n c t i o n  

d e f i n e d  o v e r  t h e  s e t  of  v e c t o r s  o f  n u t r i t i o n a l  c h a r a c t e r i s t i c s  
( v 1 , v 2 ,  ..., v ) o f  any d i e t .  m 

I n  o t h e r  words 

where n  
v .  1. = 1 a i j q ,  

j = i  

i s  t h e  t o t a l  i n t a k e  of  i - t h  n u t r i e n t  p rov ided  by t h e  d i e t  
( q l  , q 2 , .  . . '9,) .  I t  i s  wor th  n o t i n g  t h a t  u  ( q l  , q 2 , .  . . , q n )  h a s  

t o  be  a  u t i l i t y  f u n c t i o n  i f  U ( v l , v 2 ,  ... ) i s  a  u t i l i t y  vm 1 f u n c t i o n  and none of t h e  p a r a m e t e r s  a i j  i s  n e g a t i v e  . ( S t i l l ,  
w i t h  some n e g a t i v e  a i j , u  may happen t o  be  a  u t i l i t y  f u n c t i o n  
t o o )  . 
I V .  Demand System Fol lowing S t o n e  - Geary U t i l i t y  Func t ion  U 

The demand sys tem f o l l o w i n g  t h e  u t i l i t y  f u n c t i o n  ( 1 )  
i s  d e r i v e d  from t h e  maximizat ion  of t h e  u t i l i t y  f u n c t i o n  
s u b j e c t  t o  t h e  budge t  c o n s t r a i n t :  

maximize u  (q l  , q 2 , .  . . , q n )  ( 3 )  
n  

s . t .  1 p j q j  = y  ( 4 )  
j= 1 

where y  i s  t h e  t o t a l  e x p e n d i t u r e  f o r  f o o d ,  i s  t h e  p r i c e  
of j - t h  food i t e m .  

Under t h e  assumpt ion  t h a t  u t i l i t y  f u n c t i o n  U i s  of  t h e  
S t o n e  - Gear'y t y p e ,  t h e  c o n s t r a i n e d  maximizat ion  ( 3 )  - ( 4 )  
i s  e q u i v a l e n t  t o  t h e  f o l l o w i n g  n o n - l i n e a r  o p t i m i z a t i o n  
problem; 

I I £  a  au a au o  , ->o - 1  i s  L e g a t i v e  d e f i n i t e  and A = l a i j  1 av l a v  av 

i s  n e g a t i v e  d e f i n i t e  too .  
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To o p e r a t i o n a l i z e  t h e  concept it i s  necessary  t o  
accep t  t h e  fo l lowing  assumption: 

d e t  { a i j )  # 0 

( 1 0 )  i s  equ iva l en t  t o  t h e  assumption t h a t  t h e  number of 
s e p a r a t e  f o o d s t u f f s  cons idered  i s  equa l  t o  t h e  number of 
n u t r i e n t s  wh i l e  no foods tu f f  i s  n u t r i t i o n a l l y  a  p e r f e c t  mix 
of o t h e r  f o o d s t u f f s .  

Under ( 1  0 )  t h e  fo l lowing  equa t ion  holds:  

where A = {a i j }  and {Aij} = A 
- 1 

The problem ( 5 )  , ( 6 )  , ( 7 )  may now be r e s t a t e d  i n  t h e  
fo l lowing  manner: 

m - 
maximize 1 Bi  i n  (vi-vi) ( 1  2 )  

i= 1 
m m - 1 

s . t .  L P i  ( L A i j V j )  = PA v =  Y ( 1  3 )  
i= 1 j= l  

The demand system fo l lowing  ( 1 2 )  - (13)  has t h e  
fol lowing form: 

where 

and 

The pi may be i n t e r p r e t e d  a s  t h e  imputed p r i c e  of t h e  u n i t  

of i - t h  n u t r i e n t .  

The s t o c h a s t i c  c o u n t e r p a r t  of ( 1  4 )  has  t h e  fo l lowing  
form: 

* - - m - 
v = ?it vi + O i  (yt- 1 git v i ) +  E i = 1  , 2  ,.. . , m ,  ( 1  6 )  P i t  it i= 1 it 

where 



The estimation of the parameters 81,B2t...,Bm and - - - 
V1 ,V2, ...,Vrn in (16) does not entail any difficulty - above 
those present in the standard LES context. 

VI. Wisdom of the Assumption ( 1 0 )  

The number of essential nutrients, including minerals, 
vitamins, fats and aminoacids necessary for a survival of a 
human being seems to exceed the number of nutritionally 
distinct food commodities (for which price and consumption 
statistics may be available) by several times. Moreover, 
the digestible nutritional contents of some foodstuffs may 
vary - at least with respect to some nutrients (Scrimshaw 
and Vernon, 1978). At a very fine level of nutritional 
precision the approach may therefore be not operational. 
However, with a more aggregate approach one could expect the 
approach to be operational. In actual fact the provisional 
checks suggest that some reasonable commodity lists comprising 
15 - 20 basic foodstuffs combined with apparently reasonable 
lists of basic nutrients produce non-singular matrices A. 

VII. Expected Result of the Estimation: A Reconciliation of 
Nutritional and Economic Factors in the Demand for 
Foodstuffs 

- 
The estimation of the parameters Bi,vi should result in 

the specific "nutritional utility functions". While Bits 

express marginal budget shares of expenditure spent on i-th 
nutrient, vi expresses nothing but a "nutritional" minimum for 
the intake of i-th nutrient. 

There seems to exist an additional possibility of 
checking whether the hypothesis about nutritional sources 
of the observable consumers behaviour is not false. The 
parameters of the nutritional utility functions estimated for 
various consumer groups which do not differ with respect to 
anthropological factors (height, weight, ability to 
synthesize some vitamins) and are subject to approximately 
the same environmental conditions (climate, intensity of 
physical work) may not exhibit too much of a difference. (Or, 
the differences should not be statistically significant). 
In particular, the estimates coming from international 
comparisons within pretty homogenous regions of the world 
(Northern and Central Europe, South-East Asia) should be 
reasonably close to one another. 



Should the theory stand the empirical tests, one could 
draw workable conclusions not only for the countries that 
are included in the comparative study. For, it would be also 
possible to predict the demand patterns in the countries that 
either do not have reliable statistics of prices and 
consumption of foodstuffs, or do not operate under the 
conditions of market equilibria. In the latter case the 
recorded data on prices and consumption of foodstuffs 
cannot serve as a basis for any meaningful econometric estima- 
tion of any demand system (Podkaminer 1981). 

Appendix 1: A Possibility of Simplifications in the Estimation 
Procedure. 

It is not unreasonable to suppose that the "nutritional 
minima" to be estimated (Gi) correspond to the ones the 

nutritional science suggests. The usual estimation procedure 
for LES which requires the application of the Full Information 
Non-Linear Maximum Likelihood starts with some provisional 
values for subsistence levels. By identifying these 
starting points with the nutritionalists' estimates for the 
minima one can speed up the algorithms - or even secure a 
chance for their actual convergence. 

There is also another possibility worth attempting. Under 
the assumption that the nutritional minima are equal to some 
nutritional standards, the estimation of Bi'siboils down to a 
fairly simple model of multivariate analysis. 

Appendix 2: Preliminary Estimates of the Aggregate Linear Ex- 
penditure Systems Allowing for Direct Substitutability of Main 
Groups of ~oodstuffs for West Germany, the  etherl lands, Italy 
and the United Kingdom. 

The theory presented above has been put into a preliminary 
empirical testing. On the basis of the data on per capita 
consumption of major groups (aggregates) of foodstuffs in the 
EEC countries over the period 1961-1976, which were worked 
out by K. Murty of the University of GBthingen it has been 
possible to conclude time series of p.c. quantities consumed- 
and corresponding price indexes of 6 "foodstuffs" for West 
Germany, the Netherlands, Italy and the United Kingdom*. 

The "foodstuffs" in question are: cereals and bakery 
products, eggs, meat, dairy products, fish, all other food-stuffs. 
The nutritional unit contents of these "foodstuffs", computed 
by U. Sichra of IIASA comprise the following 1 1  characteristics: 
calories, low-value protein, high-value protein, fat, calcium, 
iron, vitamin A, thiamine, riboflavine, niacine, vitamin C. 
Since it is necessary to have the number of nutrients equal to 
the number ofcmdities the problem of selecting a collection 

* The statistical data for the U.K. was collected with the 
help of G. Jones of the University of Oxford. 



of the 6  out of 1 1  nutrients arises. Although it is imaginable 
to examine all 1 1 ! / 6 ! ' 5 !  combinations of nutrients, the research 
reported allows for only 1 2  combinations that are (subjectively) 
thought most plausible. 

Because the composition of particular "foodstuffs" is year-- 
and country--specific (e.g. "meat" consists of varying quantities 
of pork, beef, etc.) the matrices A are also year-and country- 
specific. So, for each country, year and combination a separate 
matrix A is defined. All of them appear non-singular so that 
the determination of corresponding per capita intakes of the 
nutrients and their imputed prices does not entail any difficulty-- 
though it does require an impressive amount of a specialized 
computer software (for which thanks are due to G. Kroemer of 
IIASA) . 

The proper estimation of the LES parameters was done by 
the application of the computer program worked out by G. Fischer 
of IIASA, which was run with the help of N. Narayana of IIASA. 

1. There is a striking similarity of the estimates obtained 
for all countries considered. The parameters of the utility 
functions for any given combination of nutrients are practically 
almost the same for all countries. Additionally, even the 
coefficients characterizing the statistical quality of the 
estimates (t-statistics,~*, D-W) are--for a given combination-- 
similar for all countries. 

2. The statistical quality of the parameters of the utility 
functions for some combinations of nutrients is amazingly high. 
The values of the testing statistics obtained are typical of 
biological rather than economic research. Even the poorest 
estimates compare favorably with many pieces of econometric 
research that can be found in numerous demand studies. 

3. The estimated parameters for some nutrients tend to take cer- 
tain numerical values irrespective of the combination of the 
nutrients in which they appear. This, of course, constitutes 
a clear-cut guidance as to the final choice to be made in 
practical applications. 

4. Although the possibility of a bias due to the imperfect 
operation of the estimation program may--probably--not be 
entirely ruled out, the results obtained seem to corroborate the 
hypothesis concerning the (independent of the country) 
"nutritional" sources of the observed behaviour of the consumer. 
There is little doubt that - any of our estimated utility functions 
is rather superior to the estimated straight additive Stone- 
Geary utility functions (whether static or dynamic) for the 
same contexts. (Not only statistical quality seems to matter 
here, but also the fact that the parameters of the estimated 



s t r a i g h t  Stone-Geary u t i l i t y  f u n c t i o n s  f o r  a p p a r e n t l y  v e r y  
s i m i l a r  c o u n t r i e s  do  n o t  e x h i b i t  much of a  r e s e m b l a n c e ) .  

5.  The e x p e r i m e n t s  r e p o r t e d  seem t o  j u s t i f y  a d d i t i o n a l  
r e s e a r c h .  One c a n  t h i n k  of  d i s a g g r e g a t i n g  some of t h e  f o o d s t u f f s  
s o  a s  t o  be  i n  a  p o s i t i o n  t o  a l l o w  f o r  more t h a n  6 n u t r i e n t s  
a t  one t i m e .  A t  t h e  same t i m e i t  may be deemed e x p e d i e n t  t o  
ex tend  t h e  l i s t  of c o u n t r i e s  t o  be  examined. A d d i t i o n a l l y  it 
may be wor thwhi le  t r y i n g  t o  select t h e  combinat ion  of n u t r i e n t s  
on t h e  b a s i s  of t h e  a b i l i t y  of t h e  e s t i m a t e s  t o  e x p l a i n  t h e  
observed demand p a t t e r n s  f o r  o t h e r  c o u n t r i e s  and ( o r )  more 
s p e c i f i c  f o o d s t u f f s  n o t  a l lowed f o r  i n  t h e  o r i g i n a l  r e s e a r c h .  
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DOCUMENTATION 

The following tables are a documentation of the estimation of 
the linear expenditure systems allowing for nutritional sub- 
stitutability of various foodstuffs for West Germany, the 
Netherlands, Italy and the United Kingdom. 
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Estimates of the parameters of. the utility functions, 5th combination 

I- ! 

Nutrients 
- i -------p-.-----.--.----..--------..---------.--.-----.---......-.-.- * 

Country 

Federal Rep. of Germany 

Netherlands 

I 
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I United Kingdom 
! --- - - - - - . . -- - -. - . .- . . . - . -. - - - - - 

! 
High protein Calcium mgr.1 Iron mgr. 
grams I 
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O i 
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0.002 j 0 i res. : 0.03 1 
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Statistical quantity of the fit, 5th combination 
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Estimates of the parameters of the utility functions, 9th combination 

Federal, Rep. of Germany 

Netherlands 

1 ~taly 

United Kingdom 
I _ . - 
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- -  1 
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I I 1 I I I 

I i 
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l 
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n.c. n.c. n.c. i 

0 I res :.00006 
n.c. n.c. 

n.c. 

0 I res 0 
n-c ---- n-c---n. c. I I 

t-statistics in parenthesis. -n.c. = not computed (estimate on the bound or program's nicety) N 
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Statistical quantity of the fit, 9th combination I 
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Estimates of the parameters of. the utility functions,llth combination 
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Estimates of the parameters of the utility functionsI12th combination 
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