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Abstract 
 

Demand for food is a field that has spurred much activity in economic research and has a 

long history within the economics profession. In recent years, focus has been on changing 

agricultural policies due to trade negotiations in GATT and WTO and their effects on de-

veloping countries access to food. Often, the outcome of these negotiations are analysed in 

GE models such as the Global Trade Analysis Project. However, the results on food de-

mand in such analyses are highly dependent upon the formulation of the demand system 

and assumed responsiveness of food demand with respect to prices and income, most often 

measured in the form of elasticities. For developing countries in particular but also for 

other country groups food demand elasticities are scarce and existing elasticities quite of-

ten have been derived without fulfilling basic requirements of demand systems and statisti-

cal properties of econometric estimates are questionable as pointed out by Ohri-

Vachaspati, Rogers, Kennedy and Goldberg (1998). 

 

The purpose of the paper is threefold: to consistently estimate a demand system with due 

consideration to the dynamic properties of demand; to estimate a system fulfilling the de-

rived theoretical properties of demand; to examine the composition and course of demand 

in a developing country with the aim of deriving behavioural measures in the form of elas-

ticities describing consumers behaviour. 

 



- 2 - 

In this paper, a food demand system comprising demand for vegetabilia, animalia and other 

goods in the form of an almost ideal demand system is estimated. Consumers demand in In-

dia is the particular case here primarily because of availability of data and because 

according to SOFI (1999) approximately 200 million out of 790 million undernourished 

people in the world live in India. Data is primarily obtained from FAO. The estimation 

technique employs recent results in time series analysis. The demand system is nested in the 

cointegrated vector autoregressive model and estimated using Johansen’s maximum likeli-

hood procedure. Thus, the demand system is interpreted as a long run equilibrium towards 

which the stochastic processes aspire. Testing for nonstationarity properties in the form of 

I(2), I(1) and cointegration is carried out. Likewise, the system is rigorously tested for sta-

tistical performance. 

 

The resulting econometric estimates of the parameters shows that the system fulfils the 

theoretical properties of a demand system. Thus, the number of cointegration vectors and 

their appearance are in accordance with economic theory. Price and income elasticities 

have signs and magnitudes in accordance with common sense and other studies of demand 

elasticities. Recursive analysis shows that the dynamic system has constant parameters. 

Dynamic analysis reveals that Indian consumers adjust fairly quickly to changed condi-

tions. The data is organised in such a way that disaggregation to lower levels of goods all 

the way down to approximately 100 different goods is readily possible. Furthermore, the 

model set-up and econometric techniques can be readily used on other countries. 
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1. Introduction 

Demand for food is a field that has spurred much activity in economic research and has a 
long history within the economics profession. At least, ever since Malthus (1798) there has 
been a recurring focus on availability of food. The particular concern of Malthus was that 
the growth in population would eventually produce demands for food exceeding supply. On 
a global basis although population has been growing ever since Malthus published his the-
ory supply has grown even faster. This has resulted in decreasing food prices in real terms 
contrary to what would be the consequence of Malthus’ hypothesis. However, even though 
the food supply at the global level is sufficient for the present population the distribution of 
food among countries and income classes is highly unequal. That is, the prevailing source 
of insufficient food consumption is lack of access due to low income as stated by the World 
Bank (1981) although it is not the only cause according to SOFI (1999). Therefore, the ef-
fect of income on the demand for food has been the focus of many studies; see e.g. Behr-
man and Deolalikar (1987); Alderman (1986). 
 
A major problem in econometric research concerning less-developed countries is lack of 
data. In particular, time series analysis requires consistent data at a reasonable time span, 
which often is not available. However, India has been the focus of quite many studies con-
cerning demand analysis so for this country some time series are available. Likewise, re-
sults obtained from this study can be compared with other studies conducted. Furthermore, 
approximately 200 million of around 790 million undernourished people in the world in 
1999 live in India according to SOFI (1999). Thus, India is of particular interest in this re-
spect. 
 
The traditional methods of calculating the responsiveness of food demand with respect to 
income has a number of drawbacks as pointed out by Ohri-Vachaspati, Rogers, Kennedy 
and Goldberg (1998). Several sources of bias such as simultaneity bias and collinearity are 
present when using traditional econometric methods. Furthermore, the functional form used 
in the demand study affect estimates. Demand and income elasticities are not necessarily 
constant across groups. Indeed, food income elasticities generally decrease with increasing 
income, see Ravaillon (1990) and Timmer (1991). If this property is not allowed for in the 
functional form, it inevitably results in bias. Similarly, if changes in relative prices are not 
accounted for omitted variables bias is incurred. 
 
Muellbauer and Pashardes (1992) point out that most studies of demand systems use static 
models, which seldom accept the hypotheses of symmetry and homogeneity derived from 



- 4 - 

consumer theory. Furthermore, serial correlation is often found in the residuals. These find-
ings obviously call for a dynamic specification of the demand system. One way to over-
come the problem with serial correlation is to estimate the system in first order differences. 
However, this “solution” discards the long run information in the data as pointed out by 
Davidson, Hendry, Srba and Yeo (1978), see also Hendry (1995). Another approach is to 
use a dynamic demand system to represent consumers’ behaviour as in Muellbauer and Pa-
shardes (1992) where habit formation and durability are employed to induce dynamics. 
Likewise, dynamic consumer behaviour is generated by the “traditional” macroeconomic 
models due to intertemporal substitution and the consumption-savings choice; see e.g. 
Blanchard and Fischer (1989) and Barro and Sala-i-Martin (1995). 
 
A different approach is to embody the demand system in a dynamic statistical model. Thus, 
the demand system is not necessarily dynamic per se but the stochastic specification pro-
duces this behaviour. A versatile and often used dynamic statistical model is the cointe-
grated VAR (Vector AutoRegressive) as in Johansen and Juselius (1990), Juselius (1998a), 
Juselius (1998b) and Nørgaard, Lind and Agger (1999). Accordingly, the economic model, 
in this case a consumer demand system, is treated as an equilibrium towards which the dy-
namic processes aspire. Thus, the dynamic system is generally in disequilibrium but the 
system is constantly aiming at offsetting the disequilibrium. In case of consumer demand, 
the interpretation is that the consumers overall objective is utility maximisation. However, 
because consumers are constantly subjected to changes in the information set they base 
their decisions upon such as changes in prices and income, they seldom if ever attain exact 
utility maximisation. Thus, even though the information set is unchanged in subsequent pe-
riods the remaining disequilibria induce changes in demands for goods until utility maximi-
sation, the long run equilibrium, is achieved. In the VAR model, the long run equilibria are 
described by cointegrating processes. Thus, if and only if the dynamic stochastic processes 
converge toward a common attractor set, long run equilibrium, the processes are cointegrat-
ing. To be of use, this common attractor set must be given an economic interpretation such 
as a consumer demand system derived from utility maximising agents. As such, the cointe-
grating relations, interpreted as describing a consumer demand system, must obey the re-
strictions and properties derived from the corresponding economic model. The short run 
dynamics on the other hand describe the movements around the long run equilibrium. Eco-
nomic theory seldom provides a direct interpretation of the movements out of equilibrium, 
as economic theory is mostly preoccupied with the equilibrium per se. Therefore, the short 
run dynamics are seldom subjected to the same scrutiny, as is the long run equilibrium. An 
example of a consumer demand system analysed in this way is Dawson and Tiffin (1998) 
where aggregate demand for calories is explained by real GDP and a real food price index. 
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In the paper a static consumer demand system is nested in a dynamic statistical model, in 
casu, the AIDS model is nested in the cointegrated VAR, applied on Indian consumers. The 
estimation method is Johansen’s maximum likelihood procedure, which takes account of 
simultaneous equations. Thus, this approach addresses the problems of simultaneity, omit-
ted variables, non-constant elasticities and serial correlation as described above. 
 
The next section describes the economic model considered. In section 3, the cointegrated 
VAR is presented. Section 4 describes the data employed. The subsequent section contains 
estimation and testing of the statistical model. Presentation and interpretation of the results 
are in section 6. The paper concludes in section 7. 
 
 

2. The Almost Ideal Demand System (AIDS) 

The AIDS model of Deaton and Muellbauer (1980) is derived from utility maximising con-
sumers using the PIGLOG class of utility functions. From the behaviour of utility maximis-
ing agents is derived a system of equations describing expenditure shares dependent on 
prices of the consumer goods and total expenditure. 
 
The expenditure shares for goods in the AIDS model are explained by, 
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Behavioural characteristics of the consumer demand system are measured in the form of 
elasticities. Thus, consumers response to price changes are summarised in own and cross 
price elasticities. Furthermore, a focal point in consumer studies is the response to income 
change, particularly in studies of food demand. In a dynamic model response to changes 
generally takes place over time. Thus, a change in an exogenous variable initiates a course 
of the endogenous variables that only settles down to a steady state after a plethora of inter-
actions have taken place during the passage of time. Therefore, the effects are divided into 
the immediate effect measured by the impact multiplier, the intermediate effects measured 
by interim multipliers and the long run effect measured by the total multiplier, see Hendry 
(1995). The elasticities showing the long run effect are the same as the elasticities in an or-
dinary static consumer demand system. Below these elasticities derived from the AIDS 
model are shown. It should be noted that the elasticities are derived under the assumption 
that the aggregated price index remains unchanged due to a change in an exogenous vari-
able. This approximation is of course only valid for “small” price changes. It is not particu-
larly difficult to incorporate changes in the aggregate price index, however, the derived 
equations becomes much less tractable and dependent upon the particular index formulae 
employed in aggregating the prices. 
 
The dynamic formulation of the consumer demand system is carried out through the vector 
autoregressive model. For heuristic purposes the procedure is illustrated using the univariate 
formulation of the VAR, the autoregressive distributed lag (ADL) formulation. Using one 
lag on each variable the ADL form of the expenditure shares derived from the AIDS model 
is, 
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In principle, the system of expenditure shares could be estimated using traditional estima-
tors. However, if the time series for the variables in the system are nonstationary this prop-
erty has to be accounted for in the estimation process. One way to do this is to apply the 
principle of cointegration. If the time series are nonstationary, ordinary OLS produces inva-
lid inference and in small samples parameter estimates are biased. Furthermore, spurious or 
nonsense regression is a possibility. 
 
As Engle and Granger (1987) showed cointegration are equivalent to error correction. Tak-
ing first order differences and reordering derives the ADL model in error correction form, 
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The term in brackets in eq. (4) and (5) is the cointegration relation or the long run equilib-
rium. If the series for expenditure shares, prices and expenditure in the form expressed by 
the AIDS model cointegrate, the term in brackets in the error correction model constantly 
aims at zero. That is, if the value of the cointegration relation is different from zero this “er-
ror” is “corrected” by the error correction model, hence the name. Thus, ai shows how 
quickly the deviations from long run equilibrium are corrected. Short-term dynamics are 
generated by the first order difference terms on the right hand side of eq. (4) and (5). If no 
long run equilibrium exists between the series as expressed by the AIDS model a proper es-
timation procedure such as and foremost the Johansen procedure will not produce a corre-
sponding cointegration relation. 
 
From the error-correction form, behavioural measures in the form of dynamic multipliers 
and elasticities are derived. In the appendix, these measures are calculated. 
 
 

3. The VAR-model 

The Vector Autoregressive Model (VAR-model), 
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is a flexible statistical model that often provide a good description of real data, see e.g. 
Johansen (1995). The elements in the vector Zt are observations at time t of the p variables 

considered in the analysis. The matrices �i, i = 1,2,…,k, of dimension p x p contain pa-

rameters. The number of lags in the VAR-model is denoted k. Deterministic components 
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are modelled though the p-dimensional vector of intercept parameters � and other determi-

nistic variables contained in Dt with parameter matrix �. Initial values Z-k+1,...,Z0 are fixed 

and �1,...,�T are independent p-dimensional Gaussian variables. 

 
In cointegration analysis the VAR-model is rewritten as a Vector Error Correction Model 
(VECM), 
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where I is an identity matrix. The hypothesis of cointegration implied by error correction, 

Engle and Granger (1987), is an hypothesis that the rank of the matrix � equals r less than 

p and greater than zero yielding r cointegration relations. This implies that � can be written 

as the product of the matrices � and �’ of dimension p x r and r x p respectively. The coin-

tegration relations, given by �’Zt-1, measure the equilibrium errors while � measures the 

speed of adjustment toward steady-state caused by disequilibrium from steady-state. 
 
If the conditions for cointegration are fulfilled, Johansen (1995), then the autoregressive 
process eq. (6) can be given the moving average representation, 
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initial values from the nonstationary parts of the process. 
 
The effects of the random unforeseen shocks are modelled in (8) through the stochastic 

trends 	
 

t

i i1
� . The combined effect of the individual stochastic trends on the process Zt is 

denoted the common driving trends or just common trends. In the process (8) the common 
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trends are modelled as 	
 A

t

i i1
' ��  although they are not uniquely determined. Thus, the 

common trends are a weighted average of the individual stochastic trends. A p-dimensional 
system with r cointegration relations corresponds to exactly p - r common trends. 
 
 

4. Data 

Time series data for consumption, prices, income etc. for developing countries are not in 
abundant supply. Most often, only a limited span of observations over time are available. 
The primary data source is FAOSTAT CD-ROM 1998. This data collection contains time 
series of annual observations of supply and demand of a large number of food items and a 
large number of countries. Table A1 in appendix 2 displays the commodity balance sheet 
for crops in India for the year 1990 with figures in metric tons. The rows correspond to par-
ticular crop items and the columns show supply and use elements of the particular items. 
Time series for most of these items span the period 1961-1997 
 
Table A2 in appendix 2 displays the commodity balance sheet for animalia in India for the 
year 1990 with figures in metric tons. 
 
Prices on these items are likewise obtained from FAOSTAT CD-ROM 1998. Time series of 
annual observations span the period 1967-1997. A problem with these data is that the corre-
spondence between quantities and prices is not perfect. For items in real terms with no ob-
vious corresponding price, the price of the closest substitute is used. 
 
FAOSTAT’s prices on agricultural products are producer prices, whereas the system to be 
estimated is a consumer demand system. Thus, the mark-up at the retail level is not consid-
ered. This does not pose a problem in the cointegration analysis if relative prices at the con-
sumer end equal relative prices at the producer end, apart from a constant reflecting the 
mark-up. However, if relative consumer prices differ much from producer prices then using 
producer prices yields incorrect estimates. If this is the case then the econometric tests of 
the demand system will prove the model an incorrect representation of the data. 
 
FAOSTAT does not provide producer prices on fish. However, the value and amount ex-
ported of varies species are provided. The data for fish are stated in US$ whereas the prices 
on agricultural products are in Indian Rupee. To convert the data for fish to Indian Rupee 
the exchange rate is obtained from PENN World Tables for the period 1961-1992. For the 
remaining years, the exchange rate is obtained from http://america.oanda.com/index.shtml. 
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The data provides information on 138 different items. Some of these items are aggregates of 
other items and some are not used for food consumption. The individual items used for food 
consumption are aggregated into 21 composites according to the aggregation used by FAO. 
Prices are aggregated using the Törnquist index apart from the initial year where the Stone 
index is used. These aggregates are again aggregated into two composites, one for vege-
tabilia and one for animalia, again using the Törnquist and Stone indices. Hence, the con-
sumption of food in India has been divided into two groups. 
 
In order to carry out a demand analysis, data for the consumer demand for non-food prod-
ucts have to be provided because substitution between food and non-food products is ex-
pected. In particular, it is expected that the composition of food demand between vege-
tabilia and animalia are sensitive to demand for other products. Thus, animalia is a rela-
tively high price product compared to vegetabilia, therefore, changes in demand for other 
product could influence the composition of food demand if not the total level of food de-
mand. Penn World Tables (PWT), Heston and Summers (1991), 
http://arcadia.chass.utoronto.ca/pwt/, provide time series on 29 macro variables for 152 
countries for the period 1950-1992. Aggregate demand for private consumption is calcu-
lated using PWT. From this figure, the aggregate consumption of food is subtracted yield-
ing private consumption of non-food products. The resultant series are expected to represent 
the Indian consumers expenditure on vegetabilia, animalia and other products. To put this 
hypothesis at test the share of food out of total expenditure on private consumption is com-
pared to data from USDA. USDA has published time series on the percentage of disposable 
income used on food for a large number of countries, http://usda.mannlib.cornell.edu/data-
sets/international/91017. For India, the USDA series on the percentage of disposable in-
come used on food covers the period 1967-1988. The series from USDA, fsU, and the corre-
sponding calculated series using FAO and PWT, fsF, are plotted in figure 1. 
 
As readily seen there is a difference in the levels of the two series. This could be attributed 
to a difference in the definition of disposable income used by USDA and the definition of 
private consumption used by PWT. Likewise, producer prices are used for constructing the 
values of consumer demand from FAO-statistics, whereas the data from USDA does not 
provide information on how the series is constructed. Therefore, naturally, the figures for 
the value of food consumption used by FAO and USDA, respectively, could also be differ-
ent. 
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 FIGURE 1 
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Assuming that the discrepancy between the FAO/PWT series and the USDA series is only 
in the levels it can be tested whether the two series otherwise have a similar nature. Thus, if 
the discrepancy is only in the levels the two series should cointegrate, that is, there exists a 
“true” correspondence between the two series and not just a spurious one, which could be 
the case if one only used OLS to check the correspondence. Since the hypothesis that the 
two series are generated by the same underlying driving forces apart from the difference in 
the level the cointegration analysis should yield one driving stochastic trend and, thus, one 
cointegration vector. Furthermore, the driving stochastic trend should have the same impact 
on the two series; thus, the cointegration relationship between the two series should be one 
to one. 
 
The cointegration analysis is described in appendix 1. The results show that the series for 
food consumption produced by aggregating the many individual food items in FAO’s food 
balance sheets through the data for quantities, prices and exports stated therein and using 
the PWT private consumption as total consumer expenditure displays essentially the same 
characteristics as the corresponding series in USDA’s statistics. Thus, this gives some as-
surance about the quality of the series. 
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5. The empirical analysis of the consumer demand system 

The statistical analysis of the consumer demand system as represented by the AIDS model 
in (1) is carried out using the VAR model. In this case, the vector Zt contains six elements, 
the expenditure share of vegetabilia, the expenditure share of animalia, the real price of 
vegetabilia, the real price of animalia, the real price of other goods and real expenditure. 
Only two of the three expenditure shares are used in the estimation because of the identity 
between the three. Thus, inclusion of all three would produce a singular design matrix. 
Therefore, the elements of the Zt vector consists of annual observations on the variables, Zt 
= (s1t, s2t, p1t, p2t, p3t, Et)´, where the variables are defined in table 1. 
 
TABLE 1. The variables in the demand analysis 
  
Variable Description 
  
s1 expenditure share of vegetabilia 
s2 expenditure share of animalia 
p1 log of real price on vegetabilia 
p2 log of real price on animalia 
p3 log of real price on other goods 
M log of real expenditure per capita 

 
 
The time series cover the period 1967-1992, thus, 26 observations are available for the em-
pirical analysis. Admittedly, more observations would be desirable. To conduct a thorough 
empirical analysis of the demand system more observations would be desirable in light of 
the fact that most of the results on the cointegrated VAR-model are based on asymptotic 
properties. However, longer time spans of data for developing countries for a large number 
of variables are not available. In light of the limited number of observations in relation to 
the number of parameters generated by the demand model and the VAR-model a bold as-
sumption is employed, namely, that prices and income are weakly exogenous with respect 
to the expenditure shares. In this way, the number of parameters to be interpreted is re-
duced. However, the statistical model still has to pass diagnostic and other tests. Likewise, 
estimated parameter values must yield behavioural characteristics in line with consumer 
theory. 
 
To check the adequacy of the model set-up, diagnostic tests are displayed in table 2. The 
tests are generated by a VAR-model with a lag of one. More lags imply the possibility of 
more flexible dynamic properties, but the limited number of observations restricts the num-
ber of parameters in the VAR. Thus, degrees of freedom are quickly exhausted with in-
creasing lags. Nevertheless, the Schwartz information criterion accepts the choice of one lag 
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with a value of –19.85 at one lag against a value of –19.45 at two lags. Diagnostic tests do 
not reject the model set-up as seen in the table. Thus, the analysis proceeds with the VAR-
model using one lag. 
 
TABLE 2. Tests for statistical performance 
       
Test Distribution and test value Probability value 

Ljung-Box (6) 
H0: no auto- or crosscorrelation $

2(20) = 36.027 p = 0.02 
LM (1) 
H0: no first order autocorrelation $

2(4) = 1.771 p = 0.78 
Doornik-Hansen 
H0: normality $

2(4) = 2.632 p = 0.62 
ARCH1 
H0: no ARCH $

2(1) = 4.661 p = 0.03 
ARCH2 
H0: no ARCH $

2(1) = 2.479 p = 0.12 
 
Note. See notes to table 1. 
 
 
Deterministic components in the chosen VAR-model are restricted to a constant in the coin-
tegration space only. Thus, deterministic trends in the level of the variables and in the coin-
tegration space are not present. Therefore, the trending behaviour often seen in consumer 
and income data are “explained” by the stochastic trends in the model. Johansen rank tests 
for the cointegrated VECM displayed in table 3 imply two cointegration vectors. 
 
TABLE 3. Johansen’s rank test 

    
Eigenvalue Test value r 90% critical value 
    
       0.7890 38.90 0 10.29 
       0.3885 12.30 1 7.50 

 
 

Because prices and expenditure in real terms are used and these are found to be I(1) then by 
construction prices and expenditure in nominal terms are I(2). So, in principle, an I(2) sys-
tem has been transformed to an I(1) system by deflating with a price index. In the AIDS 
model, prices and income are in natural logarithms, thus, the deflation is done by subtract-
ing the log of the price index from the log of the prices and the expenditure. This transfor-
mation, however, yields the possibility of multi or polynomial cointegration. Multi or poly-
nomial cointegration occurs when I(1) variables cointegrate with differenced I(2) variables. 
In the present case, the possibility is that the first order difference of the general price index 
cointegrates with one or more of the variables in the AIDS model. This is tested with a null-
hypothesis of no multi or polynomial cointegration using a normalisation of s1 = 1, s2 = 0 in 
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the first cointegration vector and s1 = 0, s2 = 1 in the second cointegration vector. The null-
hypothesis is accepted with �2(2) =1.91, p-value = 0.39. Thus, no multi or polynomial coin-
tegration is present in the system. 
 
In order for the two cointegration vectors to correspond to consumer demands derived from 
the AIDS-model in the form of equations for expenditure shares, symmetry and homogene-
ity restrictions must be satisfied. Otherwise, the model does not give an adequate descrip-
tion of a consumer demand system. In eq. (1) �ij = �ji, which in the cointegrated VECM cor-
responds to �12 = �21. Both of these estimated parameters are very close to zero according to 
their standard errors. Therefore, this restriction is tested together with a normalisation that 
sets s2 to zero in the first cointegration vector, and s1 to zero in the second. The symmetry 
restriction together with normalisation is accepted with �2(2) = 4.01. In the appendix figures 
A1 and A2 some residual analyses are shown. Evidently, the estimated model is in quite 
good accordance with statistical assumptions and the fitted values of the first order differ-
ences track the observations quite well. 
 
Homogeneity then corresponds to �11 = -�13 and �22 = -�23. This restriction is imposed si-
multaneously with normalisation and symmetry yielding �2(4) = 4.95. Thus, the restrictions 
are accepted. The estimated model with restrictions imposed is subsequently tested for con-
stancy. This is performed by estimating the model recursively on the last ten observations 
and then test for changes. The model successfully passes the recursive tests. Two recursive 
graphs are shown in figure A3 in the appendix. The left diagram displays the evolution of 
the log-likelihood function with 95% confidence intervals for the last ten observations. Evi-
dently, the log-likelihood does not change much. In the right diagram is displayed a test for 
constancy of the cointegration vectors where 1.0 is the 5% critical value. It is readily seen 
that the cointegration vectors are quite constant, as the test value does not exceed 0.5 at any 
time. 
 
The final VECM with expenditure shares conditioned on prices and income is written as, 
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where the vector Zt has been decomposed into the endogenous variables denoted by the vec-
tor Yt and the weakly exogenous variables denoted by the vector Xt. 
 
 

6. Interpretation of results 

The estimated model passes the statistical tests, but if the model is to be presented as a de-
scription of Indian consumers demand for food, the implied behavioural measures must be 
in accordance with the theory of demand. Specifically, demand elasticities must have ap-
propriate signs and magnitudes. In table 4 the derived long-run price elasticities of demand 
are presented. 
 
TABLE 4. Long-run price elasticities of demand 
    
 p1   p2   p3   
    
e1j -0.18 0.04 -0.44 
e2j 0.24 -0.92 0.10 
e3j 0.04 0.05 -0.48 

 
 
Own price elasticities are negative as required. Vegetabilia are much less sensitive to own 
price changes compared with the demand for animalia. This is in concurrence with the fact 
that vegetabilia comprises the bulk of Indian food consumption. Thus, in a low income 
country animalia is to some extent a luxury good. Inspecting the income elasticities in table 
5 this is confirmed since the income elasticity of demand for animalia is quite close to one, 
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whereas the corresponding elasticity for vegetabilia is much smaller. As income increase, 
animalia is destined to comprise a larger proportion of total food demand. Nevertheless, 
both food income elasticities are less than one implying that food demand will comprise a 
smaller proportion of total demand as income rises. 
 
TABLE 5. Long-run income elasticities of demand 
  
 M   
  
e1M 0.42 
e2M 0.88 
e3M 1.26 

 
 
Animalia and vegetabilia are substitutes in food demand as the respective cross price elas-
ticities show. This result is not surprising, more difficult it is to interpret the cross price 
elasticities between food and other goods. Other goods is a conglomerate of a large number 
of goods some of which are quite essential such as housing, clothing, schooling and health 
expenditures whereas others are less vital. Anyhow, other goods are overall luxury goods as 
the income elasticity, significantly bigger than one, indicates. 
 
Rising income decreases the share of food out of total consumption, which is a well-known 
effect. Likewise, the share of animalia in food consumption has been observed to increase 
with rising income, which is also supported by the income elasticities in table 5. Figure 2 
displays the income elasticities sorted after the observations on income in real terms. The 
income elasticity for animalia seems fairly constant over the income intervals whereas the 
elasticity for vegetabilia is clearly declining with increasing income. Other goods also dis-
play a declining tendency although not so pronounced as for vegetabilia. In the diagram is 
also displayed the income elasticity for food, which is an aggregate of the income elastic-
ities for vegetabilia and animalia according to the homogeneity restrictions1. Not surpris-
ingly, the income elasticity for food is declining with increasing income. The last observa-
tion in the diagram, which is for 1992, seems to display a reverse in the course, however, 
this phenomenon is generated by quite a large increase in the price of animalia. 
 

 
 

                                              
1 The restrictions imply that the sum of the income elasticities multiplied by the respective expenditure 

shares equal one, see e.g. Mas-Colell, Whinston and Green (1995). By summing the expenditure shares for 
vegetabilia and animalia and using the income elasticity and expenditure share for other goods together 
with the sum restriction just mentioned the income elasticity for food is calculated. 
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FIGURE 2 

Income elasticity of demand

0,20

0,75

1,30

Income per capita in real terms

Other goods

Animalia

Food

Vegetabilia

 
 
 
The expenditure shares shown in figure 3 where they are sorted after and plotted against in-
come display the same tendency as the income elasticities. As income increases the share of 
food decreases and the share of other goods increase corresponding to the income elastic-
ities with other goods being an overall luxury. Furthermore, the composition of food de-
mand changes. Figure 4 show the share of animalia in total food demand plotted against in-
come. Naturally, the share also depends on the relative price of animalia but the figure 
shows a clear tendency towards a larger proportion of animalia in food demand with in-
creasing income. 
 
The estimated demand system has appropriate signs on the characterising elasticities, how-
ever, the magnitudes of the same can vary within a large range without being in conflict 
with theory. One widely used model for all kinds of policy analyses is the GTAP model, 
Hertel (1997), McDougall, Elbehri and Truong (1998). This model is used by organisations 
and policy makers in many countries to assess the consequences of a wide range of policy 
scenarios including impacts on consumers in developing countries. Elasticities correspond-
ing to the ones presented above constitute part of the database for the model. Table 6 pre-
sents the own price elasticities of the estimated AIDS model and the GTAP model. In gen- 
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 FIGURE 3 
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TABLE 6. Own price elasticities of demand 
   
 AIDS GTAP 
   
e11 -0.18 -0.08 
e22 -0.92 -0.10 
e33 -0.48 -0.18 

 
 
eral, the elasticities are much smaller in the GTAP model. Particularly, the demand for meat 
etc. is considerably smaller as compared to the estimated AIDS model. For a given policy 
scenario this would ceteris paribus result in a smaller response of meat demand as would be 
suggested by the AIDS estimates. This in turn have repercussions on the demand for crops 
etc. as production of meat requires a substantial input of fodder. Thus, quite a different 
equilibrium could be found in the GTAP model if the AIDS estimates were used. The out-
come may not necessarily suggest a very different consumption of meat, but pieces etc. 
could be. Income elasticities in the GTAP, on the other hand, are more similar to the esti-
mates. Although meat etc. is more of a luxury good according to the estimated AIDS model, 
and crops more of a necessity. 
 
On the one hand, the estimated elasticities are of the same order of magnitude as the GTAP 
elasticities. As such, the estimation results can be considered to lie within the range of 
“common sense”. On the other hand, the estimated elasticities suggest that food demand 
and in particular the composition of food demand are more responsive to changes in prices 
and income than the GTAP elasticities. This could have significant effects on the assess-
ment of policies scenarios. In particular, demand for meat etc. would be understated in the 
present GTAP model since income in general increases over time. 
 
TABLE 7. Income elasticities of demand 
   
 AIDS GTAP 
   
e1M 0.42 0.54 
e2M 0.88 0.66 
e3M 1.26 1.32 
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7. Concluding remarks 

The study has shown that it is possible to estimate a demand system with the resulting struc-
tural model fulfilling the basic theoretically derived properties. The results come about 
through due consideration to the dynamic nature of consumers demand behaviour. Demand 
elasticities, however, derived from the structural model does not deviate much from elastic-
ities used in other applications. 
 
The paper has addressed concerns raised by Ohri-Vachaspati, Rogers, Kennedy and Gold-
berg (1998) and shown that a thorough dynamic analysis leads to much better properties of 
the estimated demand system. Thus, homogeneity often rejected in demand analysis is ful-
filled in the present study. Likewise, serial correlation instead of being a problem is utilised 
in the cointegration analysis of the system resulting in identification of dynamic properties 
and long run equilibria. The derived comparative statics of the Indian consumers demand 
are in accordance with common sense. Thus, the age-old contention that food comprises a 
declining proportion of total demand as income increase is corroborated by the study. 
Likewise, the results propose that vegetabilia is substituted for animalia in food consump-
tion as income increase. The estimated demand functions in the form of equations for ex-
penditure shares are quite constant over time suggesting that the underlying structure of In-
dian consumer demand is unchanged as the economy progresses. This would not be the case 
if say preferences shifted over time or because of some structural changes in the economy 
etc. Although stability as suggested by the recursive analysis is not a sufficient but only a 
necessary condition for constancy of the underlying structure, major shifts in preferences 
would be expected to show in the recursive analysis, which there is no sign of. 
 
The estimation results reveal that Indian consumers are more responsive to changes in 
prices and income than is otherwise thought. Furthermore, Indian consumers despite cul-
tural and religious perceptions, substitute vegetables for meat when income increases. To 
the extent that this result applies to other developing countries analyses of policies with re-
gard to food demand and supply could be somewhat misleading. A higher increase in de-
mand for meat and other animal products have quite significant effects on allocation of 
land, prices on both plant and animal products, etc. Therefore, it is important to establish 
the effects in light of the ongoing trade negotiations and suggestions for further liberalisa-
tions of agricultural policies as the outcome of these negotiations could have substantial ef-
fect on demand for food. In particular, the group of countries known as low income food 
deficit developing countries could face grave problems in securing adequate food supplies if 
world prices of food increase. 



- 21 - 

The methodology used in the study in terms of data, economic model and econometric 
method has proved robust and useful. It should, therefore, be possible to apply the method-
ology to other developing and also developed countries in order to obtain a better represen-
tation of consumers preferences for food. This bears the promise of a better analytical tool 
kit for e.g. the upcoming WTO negotiations. However, whether the methodology will fare 
as well when applied to other countries remains to be seen. One particular problem for pri-
marily the developing countries is the quality of data. If the recorded observations are sys-
tematically wrong, modifications will have to be applied. Nevertheless, FAO has recordings 
of consumption of food for a large number of countries, implying that it is not impossible to 
extend the methodology to other regions. 
 
The study has been carried out at quite a high level of aggregation for primarily two rea-
sons. One is the number of observations relative to the number of parameters to be esti-
mated, degrees of freedom. The number of parameters increases quickly with the increasing 
numbers of commodities. The second reason is the econometric method. More commodities 
imply an increasing number of cointegration vectors, which can be quite troublesome to 
identify when there are a lot of them. However, applying a nesting structure to consumers 
demand provides the basis for a much more disaggregated system, which is made possible 
because FAO has data for quite a high number of different food commodities. 
 
Another issue to be considered in future applications is the choice of demand system. The 
Almost Ideal Demand System has proved an adequate representation of Indian consumers 
demand. However, this may not necessarily be the case for other countries. The AIDS 
model is convenient because it capable of fulfilling much of the desired theoretical proper-
ties of demand and at the same time be somewhat parsimonious w.r.t. number of parame-
ters. Furthermore, the equations to be estimated derived from the AIDS model are linear in 
parameters, thus allowing use of econometric methods with a wide range of testing and es-
timation procedures. However, the regularity conditions derived from the underlying as-
sumptions that any demand system is required to fulfil is only valid within a limited range 
for the AIDS model2, Ramajo (1994). Thus, if prices and/or income deviate much from the 
historical pattern this may cause the estimated model to behave in contrast with theory. 
Therefore, a trade-off exists between convenience of model and theoretical properties. A 
topic for future research is to examine other perhaps more globally regular demand systems. 
 
 

                                              
2 This was kindly pointed out by Professor Alan Powell on the third annual conference on global trade 

analysis in Melbourne, June 2000. 
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 Appendix 1 

Assuming that the discrepancy between the FAO/PWT series and the USDA series is only 
in the levels it can be tested whether the two series otherwise have a similar nature. Thus, if 
the discrepancy is only in the levels the two series should cointegrate, that is, there exists a 
“true” correspondence between the two series and not just a spurious one, which could be 
the case if one only used OLS to check the correspondence. Since the hypothesis that the 
two series are generated by the same underlying driving forces apart from the difference in 
the level the cointegration analysis should yield one driving stochastic trend and, thus, one 
cointegration vector. Furthermore, the driving stochastic trend should have the same impact 
on the two series; thus, the cointegration relationship between the two series should be one 
to one. Therefore, the cointegration vector, �, should be � = (1, -1, a)’ where a is a constant 
reflecting the level difference. 
 
The analysis reveals that a lag of two is sufficient for the VAR in this case using informa-
tion criteria. In table 3 is presented some tests of the statistical performance of the VAR-
model. 
 
TABLE 3. Tests for statistical performance 
   
Test Distribution and test value Probability value 
       
Ljung-Box (4) 
H0: no auto- or crosscorrelation 

$(8) = 12.645 p = 0.12 

LM (1) 
H0: no autocorrelation 

$(4) = 5.520 p = 0.24 

Doornik-Hansen 
H0: normality 

$(4) = 2.320 p = 0.68 

ARCHFAO&PWT 
H0: no ARCH 

$(2) = 0.606 p = 0.74 

ARCHUSDA 
H0: no ARCH 

$(2) = 0.892 p = 0.64 

 
Note. The Ljung-Box test is a Portmanteau test for residual auto- or crosssorrelation. LM(1) is a Lagrange 

Multiplier test for first order autocorrelation. The Doornik-Hansen test is a test for normally distributes 
residuals. ARCH is a univariate test for autoregressive conditonal heteroscedasticity. 

 
 
As seen in table 3 the diagnostic tests indicate that the VAR-model with two lags is an ade-
quate description of the relationship between the two series. Johansen’s rank test, called the 
�-max, for the number of cointegration vectors is presented in table 4. 
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TABLE  A4. Johansen’s rank test 
     
Eigenvalue Test value r p-r 90% critical value 
     
0.5669 14.23 0 2 10.29 
0.0790 1.40 1 1 7.50 

 
 
�����-max test clearly rejects the first null-hypothesis of no cointegration vectors, r = 0, 
against the alternative hypothesis of one cointegration vector. The next null-hypothesis of 
one cointegration vector against������	���
�����������������������������������-max test finds 

����
�������
��������������������������������
����
��
�������-matrix is presented in 
table 5. 
 
TABLE 5. The .-matrix 
   
      ù t-value for . 
   
ûfsF -0.547 -4.715 
ûfsU 0.034 0.220 

 
 
From table 5 it appears that the �-value for fsU is not significantly different from zero, 
which imply that fsU is weakly exogenous with respect to the system under consideration. 
Therefore, it is tested whether fsU is weakly exogenous. This is accepted, �(1) = 0.05, p = 
0.83, and the system is reestimated accordingly. Likewise, the second order terms appear 
insignificant and the VAR-model is reduced to one lag only. Again, the finding of one coin-
tegration vector is confirmed and the diagnostic tests accept the model. Furthermore, the 
Schwarz information criteria and the Hannan-Quinn information criteria accept the choice 
of one lag. The cointegration vector is tested for a one-one relationship between fsF and fsU, 
which is accepted with �(1) = 2.60, p = 0.11. The resulting VECM model yields, 
 

 
)621.0()222.36()136.4(

132.0)053.19(662.0 ,1,1,,

�


�����

�� tUtUtFtF fsfsfsfs

 

 
Values in parenthesis are t-values. The recursive analysis reveals that this relationship is 
quite constant over time. 
 
The analysis has revealed that the two series for the share of food expenditure are in essence 
the same apart from a difference in the levels. This difference is approximately 19 percent-
age points according to the intercept in the cointegration vector. To check whether this is a 
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credible figure the mean value of the series fsU is taken as well as the mean value of the se-
ries fsF in the same period. This produces, 
 
 Mean value of fsU in 1970-1988 = 54.789 
 Mean value of fsF in 1970-1988 = 36.119 
 
The difference between the two is 54.789-36.119 = 18.671, which is quite close to the inter-
cept in the cointegration vector. Thus, a difference of approximately 19 percentage points is 
in accordance with common sense. 
 
The analysis has shown that the series for food consumption produced by aggregating the 
many individual food items in FAO’s food balance sheets through the data for quantities, 
prices and exports stated therein and using the PWT private consumption as total consumer 
expenditure displays essentially the same characteristics as the corresponding series in 
USDA’s statistics. Thus, this gives some assurance about the quality of the series. 
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Appendix 2 

TABLE  A1. Commodity balance sheet for crops in India, 1990 
1990 Element in Metric Tons          

India Dom Supply Exports Feed Food Manufac Food Imports Other Uses Production Seed Stock Change Waste 

Abaca 27 0    27 27     

Alcohol, Non-Food 1,151,711 23,050    35 1,151,711 1,174,726    

Alcoholic Beverages 2,465,031 30,455   979,445 984 1,485,586 2,494,432  70  

Apples 1,090,665 3,235  0 981,275 0  1,093,900   109,390 

Bananas 7,153,310 290   5,722,590 0  7,153,600   1,430,720 

Barley 1,484,900 800 178,000 61,821 1,118,078 0  1,485,700 97,000 0 30,000 

Beans 4,237,992 2,335 212,016  3,565,902 154,327  4,086,000 290,460  169,613 

Beer 187,412 4,477   187,412 75  191,814    

Beverages, Alcoholic 1,119,316 2,743   785,441 730 333,875 1,121,329    

Beverages, Fermented 6,563 0   6,563 0  6,563    

Brans 13,644,430 2,023 11,146,610 2,499,000  12,127  13,634,330    

Cassava 4,896,938 64  3 4,648,835 0  4,962,000  -64,999 248,100 

Cereals - Excluding Beer 149,813,300 655,302 1,555,482 61,820 132,634,400 212,023 98,263 156,784,000 9,993,275 -6,527,416 5,470,170 

Cereals, Other 1,308 2,855   1,377 1,163    3,000 0 

Citrus, Other 84,785 215   76,285 0  85,000   8,500 

Cloves 758 48   758 806      

Cocoa Beans 5,857 143   5,906 0  6,000    

Coconut Oil 286,143 2,920   267,983 5,166 18,160 288,000  -4,103  

Coconuts - Incl Copra 7,358,016 0  2,400,266 4,741,511 0  7,208,000  150,017 216,240 

Coffee 21,766 96,351  1 19,993 17  118,100  0 1,772 

Copra Cake 168,000 0 168,000   0  168,000    

Cotton Lint 1,331,438 339,229    167 1,331,438 1,670,500    

Cottonseed 3,358,100 0 543,967 2,493,000  0  3,358,100 153,228  167,905 

Cottonseed Cake 1,233,657 12,843 1,233,657   0  1,246,500    

Cottonseed Oil 346,273 464   256,135 1,319 90,138 349,000  -3,582  

Dates 77,763 17   77,763 77,780      

Fruits - Excluding Wine 28,199,140 81,794  10,938 24,661,880 106,376  28,174,560  0 3,527,206 

Fruits, Other 15,648,040 65,684  10,938 13,984,410 2,836  15,710,890  0 1,653,574 

Grapefruit 79,971 29   71,971 0  80,000   8,000 

Grapes 428,578 5,352   387,756 25,760  408,170   40,822 

Groundnut Cake 2,157,650 87,949 2,157,650   0  2,245,599    

Groundnut Oil 2,041,872 6   2,041,872 0 0 1,742,000  299,878  

Groundnuts (Shelled Eq) 5,351,094 49,196 141,577 4,236,983 385,798 0  5,260,290 424,727 140,000 162,009 

Groundnuts (in Shell Eq) 7,644,420 70,280 202,253 6,052,833 551,140 0  7,514,700 606,753 200,000 231,441 

Hard Fibres, Other 361,763 106    369 361,782 361,500    

Infant Food 30,746 1,466   30,746 55,212    -23,000  

Jute 1,448,398 14,141    37,539 1,448,398 1,425,000    

Jute-Like Fibres 277,300 0    0 277,300 277,300    

Lemons, Limes 751,853 147   676,653 0  752,000   75,200 

Maize 8,961,587 140 170,000 0 7,037,728 27 72,638 8,961,700 618,000  1,063,220 

Maize Germ Oil 5,673 26   662 73 5,011 5,625  0  

Millet 10,419,490 4,524 172,000 1 9,329,253 213  10,423,800 391,000  527,234 

Molasses 4,515,735 164,265 244,000 4,271,735  0  4,880,000  -200,000  

Nuts 488,590 172,553   480,378 98,539  556,890  5,714 8,209 

Oats 0 0 0   0      

Oilcrops 25,988,040 122,467 741,082 18,001,940 5,540,699 4,852 2,374 25,976,390 857,930 129,263 850,873 

Oilcrops Oil, Other 362,067 130,701   132,538 2,647 229,528 500,526  -10,405  

Oilcrops, Other 1,570,617 18,220 55,538 1,411,095 25,144 4,690 2,374 1,714,900 38,387 -130,754 44,933 

Oilseed Cakes, Other 1,994,625 512,684 1,954,357   6,788 40,268 2,510,841  -10,320  

Olive Oil 273 0   273 273      

Olives 0 0    0      

Onions 2,985,899 240,301   2,824,589 0  3,226,200   161,310 

Oranges, Mandarines 2,003,385 6,615   1,802,385 0  2,010,000   201,000 

Palm Oil 398,154 1,324   274,000 499,479 124,154   -100,000  

Palmkernel Cake 0 0 0   0  0  0  

Palmkernel Oil 5,455 0    5,455 5,455 0  0  

Palmkernels 0 0  0  0      
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Peas 743,155 75 37,162  648,524 282,230  461,000 27,740  29,729 

Pepper 27,792 28,886   24,958 1,488  55,190  0 2,834 

Pimento 694,529 24,483   658,578 12  719,000   35,951 

Pineapples 880,790 210   880,790 0  881,000    

Potatoes 14,763,680 7,135  0 10,755,680 13 0 14,770,800 1,497,000  2,511,000 

Pulses 13,703,610 15,465 1,057,083  11,413,690 861,075  12,858,000 771,618  461,214 

Pulses, Other 8,722,463 13,055 807,905  7,199,266 424,518  8,311,000 453,418  261,872 

Rape and Mustard Cake 1,730,968 496,956 1,730,968   0  2,226,924  1,000  

Rape and Mustard Oil 1,369,095 0   1,369,095 2,533 0 1,370,000  -3,438  

Rape and Mustardseed 4,125,300 0  3,711,541 250,000 0  4,125,300 40,000  123,759 

Rice (Milled Equivalent) 70,867,180 506,630 297,482 0 65,019,340 146,482 25,625 74,382,100 4,552,275 -3,154,784 972,486 

Rice (Paddy Equivalent) 106,247,600 759,565 446,000 0 97,480,270 219,613 38,418 111,517,400 6,825,000 -4,729,812 1,458,000 

Ricebran Oil 349,987 0   292,525 3,073 57,462 349,923  -3,009  

Roots & Tuber Dry Equiv 4,747,122 1,531  1 3,854,862 3 0 4,768,150 299,400 -19,500 592,900 

Roots, Other -157 157    0      

Rubber 349,299 6    52,005 349,299 297,300    

Rye 0 0          

Sesameseed 702,707 52,752  640,000 35,498 159  835,300 10,500 -80,000 16,709 

Sesameseed Cake 331,758 1,042 331,758   0  332,800    

Sesameseed Oil 254,012 0   254,012 0 0 255,000  -988  

Sisal 0 0    0 0     

Soft-Fibres, Other 771 0    771 771   0  

Sorghum 11,681,200 0 140,000 0 10,367,480 0  11,681,200 397,000  776,722 

Soyabean Cake 530,209 1,260,452 530,209   261  1,790,400    

Soyabean Oil 424,938 0   424,938 25,276 0 403,000  -3,339  

Soyabeans 2,651,151 349  2,238,000 102,748 0  2,601,500 191,088 50,000 119,318 

Spices 1,499,802 94,506   1,447,783 9,315  1,584,993  0 52,083 

Spices, Other 776,723 41,089   763,489 7,009  810,803   13,298 

Starchy Roots 20,911,790 7,530  3 16,593,270 13 0 20,984,300 1,497,000 -64,999 2,821,675 

Stimulants 516,661 295,556  1 508,982 17  812,200  0 8,653 

Sugar & Sweeteners 19,287,190 27,399 412,000 0 18,870,750 17,668 4,538 20,049,090  -752,171  

Sugar (Raw Equivalent) 10,990,830 27,041  0 10,990,840 13,043  11,757,000  -752,171  

Sugar Cane 225,569,200 0 2,030,032 198,501,000 10,150,610 0  225,569,200 14,887,570 0  

Sugar, Non-Centrifugal 8,235,000 0 412,000  7,823,000   8,235,000    

Sugar, Raw Equivalent 19,236,690 27,399 412,000 0 18,820,250 17,668 4,538 19,998,590  -752,171  

Sugar, Refined Equiv 10,111,560 24,878  0 10,111,570 12,000  10,816,440  -691,998  

Sugarcrops 225,569,200 0 2,030,032 198,501,000 10,150,610 0  225,569,200 14,887,570 0  

Sunflowerseed 871,053 1,950  871,053  3  873,000    

Sunflowerseed Cake 316,044 75,930 316,044     391,974    

Sunflowerseed Oil 282,313 170   235,196 483 47,117 282,000  0  

Sweet Potatoes 1,251,326 174   1,188,752   1,251,500   62,575 

Sweeteners, Other 10,858 358   6,408 4,625 4,538 6,591  0  

Tea 489,038 199,062   483,083 0  688,100   6,881 

Tobacco 465,186 86,517    103 426,509 551,600   55,164 

Tomatoes 4,603,272 174   4,142,927 0  4,603,446   460,345 

Treenuts 488,590 172,553   480,378 98,539  556,890  5,714 8,209 

Vegetable Oils 6,126,256 135,612   5,549,230 545,778 577,025 5,545,074  171,015  

Vegetables 47,839,040 292,549  -1 44,421,690 10,019  48,121,580  0 3,417,591 

Vegetables, Other 40,249,870 52,075  0 37,454,180 10,019  40,291,930  0 2,795,936 

Wheat 46,397,650 140,353 598,000 -3 39,761,160 64,138  49,849,500 3,938,000 -3,375,632 2,100,507 

Wine 29 185   29 144    70  

Source; FAOSTAT, http://apps.fao.org. 
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Table A2. Commodity balance sheet for animalia in India, 1990 
1990 Element in metric tons           

India Dom Supply Exports Feed Food Imports Oth Uses Food Manufac Production Hatching Stock Change Waste 

Animal Fats 1,224,321 1,188 7,011 1,065,715 337 151,594  1,223,972  1,200  

Aquatic Animals, Others 41 148  41 0   29  160  

Aquatic Products, Other  148  41 0   29  160  

Butter, Ghee 1,020,965 249  1,020,965 14   1,020,000  1,200  

Cephalopods 1,966 28,941  1,966 0   30,907    

Cheese -9 12  0 3       

Cream 0   0 0       

Crustaceans 175,364 93,018  175,364 0   268,382    

Demersal Fish 672,675 177  609,282 0 63,393  672,852    

Eggs 1,159,365 1,635  1,012,563 0   1,161,000 30,700 0 116,100 

Fats, Animals, Raw 196,274 687  44,750 252 151,523  196,709  0  

Fish Meal 6,960 0 6,960     6,960    

Fish, Body Oil 7,011 252 7,011  0   7,263    

Fish, Liver Oil 71 0   71 71      

Fish, Seafood 3,629,567 165,756 322,993 3,243,182 646 63,393  3,794,678  0  

Freshwater Fish 1,601,586 9  1,601,586 0   1,601,595    

Honey 50,500 0  50,500 0   50,500    

Marine Fish, Other 284,304 37,795 0 284,304 0   322,099  0  

Meat 3,827,660 72,311  3,827,664 0  0 3,899,971    

Meat Meal 0 0   0       

Meat, Other 126,602 398  126,602 0   127,000    

Milk, Whole 51,181,820 984  32,126,120 1,798  18,442,000 51,181,000  0 614,172 

Mutton & Goat Meat 602,873 8,327  602,873 0   611,200    

Offals 479,121 621  479,121    479,742    

Pelagic Fish 893,672 4,416 322,993 570,680 646   897,443    

Pigmeat 416,495 5  416,500 0   416,500    

Poultry Meat 341,804 196  341,804    342,000    

Silk 91,220 227   1,647 91,398  89,800    

Whey 0 0 0  0       

Wool (Clean Eq.) 98,161 2   29,363 98,161  68,800    

Source; FAOSTAT, http://apps.fao.org. 
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FIGURE A1. Residual analysis of the first order differences of the expenditure share of 
vegetabilia 
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FIGURE A2. Residual analysis of the first order differences of the expenditure share of  
 animalia  
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FIGURE A3. Recursive analysis of the estimated VAR model 
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