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DEMAND FOR RED MEAT, POULTRY AND FISH IN TUNISIA: 
A GENERALIZED ADDILOG DEMAND SYSTEM 

Food demand analy
sis is a subject of 
great interest given 

its implications for food 
policy and marketing de
cisions. 
Policymakers now need 
estimates of social welfare 
and market adjustments 
under alternative policies 
in order to select the most 
beneficial alternatives. 
However, only a few stud
ies have been carried out 
in Tunisia on food demand 
(Merhaban, 1992; Fuglie, 
1994; Lahiani, 1996, among 
others). This paper in this 
sense aims to provide a 
starting point for discus
sion an applied demand 
models in Tunisia. 
The estimation of food 
consumption parameters 
using dynamic demand 
systems has gained in
creasing support as con
sumer behaviour is not sta
tic. Previous research has 
shown that lagged values 
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ABSTRACT 

This paper provides an analysis of read meat, poultry and fish demand 
in Tunisia using multi-equational econometric systems with time series 
data. Different dynamic versions of the GADS (Generalized Addilog De
mand System) are specified and estimated. Results from functional form 
tests indicate that the model in Error Correction Form fits better the da
ta and is used for red meat and fish demand analysis. Results shown that 
demand is responsive to prices and total expenditure on meat and fish. 
Calculated elasticities, based on the estimated model with both homo
geneity and symmetry imposed, indicate that both poultry and mutton 
and goat meats are revealed as necessity goods. Substitution effects are 
mainly present showing the strong competition among the several types 
of meats. Comparison with other studies has showed the benefits from 
using desaggregated data when estimating demand relations. 

RESUME 

Dans ce travail on decrit l'evolution de la consommation des viandes et 
des poissons en Tunisie. Pour analyser la structure de la demande de ces 
produits, divers versions dynamiques du modele GADS (Generalized Ad
dilog Demand System) ont ete specifies, en se basant sur des donnees de 
series chronologiques. Le resultat de la selection entre les differentes 
formes fonctionnelles a permis de retenir le modele GADS sous la forme 
de Modele de Correction de l'Erreur (ECM). Les resultats de l 'estimation 
ont montre que la demande de viandes et de poissons repond aux varia
tions de prix, aussi bien aux depenses totales dans ce groupe de produits. 
A l 'exception de la viande de volail/e, qui est revele comme etant un bien 
de premiere necessite, les viandes ovines ont des elasticites plus proches 
de l'unite et sont donc considerees comme etant des biens normaux, tan
dis que la viande bovine et les poissons sont consideres comme des 
biens de luxe. Les elasticites prix directes ont montre que toutes les cate
gories des viandes et des poissons ont une demande elastique. 

an adjustment process, 
with focus only on short
run dynamics. An alterna
tive for identifying the ap
propriate model specifica
tion for demand is to de
velop a relatively general 
framework incorporating 
the alternative hypotheses 
related to dynamic adjust
ment and allowing for di
rect estimation of long run 
coefficients (Anderson and 
Blundell, 1983a). The pur
pose of this paper is to pre
sent empirical evidence 
about read meat, poultry 
and fish consumption be
haviour in Tunisia. Several 
static and dynamic versions 
of the Generalized Addilog 
Demand System are esti
mated using Tunisian ag
gregate annual time series 
data from 1973 to 1994. 
The applicability of restric
tions suggested from de
mand theory are tested and 
expenditure and Marshal
lian and Hicksian price 

of some of the variables involved exert an important in
fluence on current consumption. In some cases, eco
nomic studies of food demand often show that con
sumers do not adjust instantaneously to changes in 
prices, income and other determinants of demand. Psy
chological causes of consumer inertia, which include 
habit formation and persistence, institutional factors, 
such as inventory adjustment and intertemporally sepa
rate budgeting, contribute to observed lagged effects in 
consumer's decision making (Brown, 1952; Houthakker 
and Taylor, 1970; Blundell, 1988; Kesavan et al., 1993). 
It seems that the assumption of consumer's instanta
neous adjustment is very restrictive. A standard proce
dure for incorporating dynamic processes is to assume 

elasticities are computed. This application of the GADS 
model to this group of food demand in Tunisia is espe
cially attractive because there is no empirical evidence 
available about meat and fish demand in that country. 
The paper is organised as follows . First, some descrip
tive statistics on the evolution of meat and fish con
sumption in Tunisia are presented. In section 2 the 
Generalized Addilog Demand System is described, its 
theoretical properties are shown and how to introduce 
dynamics is discussed. Next, the estimation method and 
results are presented. Finally, in Section 5 some con
cluding remarks are outlined. 

THE EVOLUTION OF MEAT AND FISH CONSUMPTION 

IN TUNISIA 

CO) Unidad de Economia Agraria, Servicio de Investigaci6n Agroalimentaria 
CDGA), Zaragoza, Spain. 

15 

The adequacy of food supplies remains a serious prol?
lem in many developing countries. Inadequate food 
supplies usually cause nutritional problems and might 
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result in political and social instabil
ity. Food shortages can be eliminat
ed either by increasing food imports 
or through expansion of domestic 
food production. Whatever the 
case, knowledge of food demand, 
in particular the demand for meat 
and fish products, are essential for 
both improved development plan
ning and policy decision making. 
Since the early 80s the eating habits 
of Tunisians have changed signifi
cantly. The main characteristics of 
this change are well known and can 
be summarised as an important in
crease in the demand for products 
of animal origin during this period. 
Animal origin calorie intake has 
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Figure 1 - Quantities of red meat, poultry and .fISh consumed in Tunisia. 

continuously grown to represent nearly 10% of the total 
calorie intake in 1994 (FAO, 1995). In terms of macro
nutrients, this change means a small increase in the 
quantity of proteins due to the substitution of vegetal 
origin proteins consumed with those from animal ori
gin. Animal origin products are now an important part 
of the Tunisian diet. According to the statistics of the 
Tunisian Ministry of Agriculture, in 1973 the average in
take of meat products was 14,5 kilos per person and 
year. In 1994 this figure had risen to 17.3 kilos per per
son and year. Tunisia is the only Maghrebian country 
where this increase has been detected. Nevertheless, 
the level of meat consumption in Tunisia is lower than 
that of other Mediterranean countries. We can also high
light the fact that this increase was more important dur
ing the 1973-1987 period, while during the period 1987-
1994 meat and fish consumption have stabilized. Fig
ure 1 shows that in the last three decades beef and 
mouton have been the most important sources of ani
mal food. Fish consumption has decreased during this 
period but this decrease has been more than compen
sated by a spectacular growth in poultry consumption. 
Regarding meat products, it is also 

precisely, meat and fish products. If the expenditure 
structure for the different types of meats is analyzed 
(figure 2) it can be observed that it has been stable for 
the last twenty years even though cyclical oscillations 
can be observed, specially for beef and fish, which can 
be explained by the lack of developed distribution 
channels. Mouton expenditure is quite stable due to the 
existing cultural and religious traditions in Tunisia. Re
garding prices (figure 3), since 1985, there has been an 
important increase in absolute terms, although, in rela
tive terms, no important variations are observed. The 
most expensive products, on average, are lamb and 
beef whose prices are very close to each other. Fish 
prices are lower as data represent a weighted average 
of different types of fish, some of them with a tradition
allow price (sardines, etc.). Poultry prices have been al
ways lower than the rest. Self-consumption of animal 
products, which had steadily increased up to the early 
70s, has shown a constant decrease during the last two 
decades. It represented around 30% of total consump
tion in 1975 while in 1995 hardly arrived to a 20% (INS, 
1995). 

noticeable the increase in mouton 
consumption. Talking now about 
expenditure levels, it is expected 
that as welfare increases, house
holds increase their food expendi
ture less than proportionally (En
gel's law). This trend is also ob
served in the case of Tunisia. In 
1975 food expenditure was 41% of 
total expenditure while in 1995 this 
figure had decreased to 38% of total 
expenditure (INS, 1995). The only 
food products that has experienced 
an increase in their relative impor
tance on total food expenditure are 
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Figure 2 - Budget Shares of red meat, poultry and .fISh consumed in Tunisia . 
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Figure 3 - Prices of red meat, poultry and fISh consumed in Tunisia. 

METHODOLOGY 

1. Generalized Addilog Demand System 
The Generalized Addilog Demand System (GADS), de
veloped by Theil (969), is used in this paper to analyze 
the demand for red meat, poultry and fish in Tunisia. 
The system used here guarantees the non-negativity 
property and satisfies the aggregation restriction. The 
GADS model has been used in the last few years to de
scribe the food expenditure structure in several western 
countries. Among others, it can be pointed out Bewley 
and Young (987), to study the demand for meat in 
Great Britain; Gaiha and Young (989) , analyzing the 
demand for cereals and starchy products in developing 
countries; and Angulo et al. (997) to study food con
vergence patterns within the European Union. 
The GADS model assumes that budget shares have the 
following structure: 

(1) 

n 

where {j j = (X j + f3j In Yt + I 'Yij In Pjt ' and Wit is the 
j = 1 

budget share of the i-th good in period t (t = I , 2, ... T) , 
Yt is total meat and fish expenditure in period t 
(t = 1, 2, .. . T) ; and Pjt is the price of the jth good in pe
riod t(t= I, 2, ... T) . 
Model 0) is difficult to estimate and, then, some trans
formations have to be made for estimation purposes. 
After those transformations (Bewley and Young, 1987), 
the following linear version of the GADS model can be 
derived which allows us to estimate it and to impose 
the homogeneity and symmetry restrictions: 

Wit = log ( q it / w t ) = a j + ()j log 
n 

(Y/ P t) + I 'TT ij log Pjt ( 2 ) 
j = 1 
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where Wit is the average budget share 
of the i-th good in period t 
(t = I , 2, ... T ); q it is the quantity of the 
i-th good in period t ( t= I, 2, ... T); 
and 

n 

log w t is I Wj log PJt 
j = 1 

n 

log P t = I Wj log Pj 
j = 1 

n 

a j = W j ( (X j - I wpj) 
j = 1 

7Tij = W j Eij + Wj Wj 1]j 

() j = W j 1] j 

being 8j and 1rij the marginal budget 
shares and the Slutsky parameters, 

respectively, calculated at the mean budget shares. 
n n 

The adding-up restriction implies that I a j = 0, I (J j = I , 
n j - l ;~ 1 

I 7Tij = 0, and homogeneity and symmetry that 
i = 1 

n 

I 7Tij = 0 and 1rij = 1rji' respectively. Furthermore, the 
j = 1 

estimated average budget shares are positive and sum 
to unity. 
Elasticities can be calculated from the estimated para
meters as follows: 
- Total expenditure: 11i = 8; / W i 

- Uncompensated price elasticities: 
E ij = ( 1tij - W ;Wj11 i) / W i 

Finally, compensated price elasticities are obtained 
from the Slutsky equations. 

2. Dynamics and the long-run structure 

Consumers do not adjust instantaneously to changes in 
prices and income. In fact, consumers, very often, react 
with some delay to price and income changes and as a 
consequence, adjustments towards new equilibrium are 
spread over several time periods . Brown (952), 
Houthakker and Taylor (970) , and Philips (983) tried 
to explain the source of these lags. First, consumers ad
just slowly to changes in income and prices because 
there is some inertia in their reaction to these changes. 
The inertia is due to consumer's memories of the previ
ous levels of income and prices. Secondly, a lagged ef
fect on consumer reaction is generated due to some 
habit persistence which is inherent to food consump
tion as a result of past behaviour. Thus, habits and in
ertia exerts a stabilising effect on current consumption. 
However, in food consumption it is difficult to say 
which reason is more important as both seem to be pre
sent. The dynamic behaviour has been incorporated in 
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demand analysis in different ways: (1) modifying the 
constant term a j in the demand system equations 
(Alessie and Kapteyn, 1991; Assarson, 1991); (2) esti
mating the model in first or four differences (Eales and 
Unnevehr (988) and Moschini and Meilke (989), in 
USA; Reynolds and Goodard (991), in Canada); and 
(3) using a more general dynamic framework following 
Anderson and Blundell 0983b). This approach has 
been used in Burton and Young (992), for Great 
Britain, and in Kesavan et al. (993) for USA and it is the 
approach that has been used in the present study. 
This general dynamic specification is able to incorpo
rate different dynamic structures and allows for direct 
estimation of long-run coefficients. It is assumed that 
changes in endogenous variables are responses to an
ticipate and unanticipated changes in exogenous vari
ables needed to maintain a long-run relationship be
tween them. This general dynamic demand framework 
will be applied to the GADS model defined in 0). Fol
lowing Anderson and Blundell 0983a), the general dy
namic GADS model can be defined as follows : 

(3) 

where; B (L) = I - BIL - BzL z - B3L3 - ... - BpLP ; r (L) = 
ro - r 1L - r zLz - r 3L3 - ... - rqLq, being L the lag op
erator. 
The above transformation yields a general dynamic 
model difficult to estimate with a short time series data. 
Therefore, usually a first-order autoregressive distrib
uted lag model is assumed (p = 1 and q = 1), assump
tion that has been also considered in this paper as sam
ple period is short. Then, making the necessary trans
formations, model (3) can be expressed in an error cor
rection form: 

-f Trjk In Pk,t-l] + Et 
k= l 

where OJ and 1rjk are the long-run income and prices af
fects; Aij are the adjustment coefficients; and cpj and J1ij 

are the short-run income and prices effects. 
Again, due to the short sample period conSidered, the 
model defined in (4) is still too general for estimation 
purposes. To avoid having to calculate a large number of 
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parameters a diagonal adjustment process has been as
sumed, that is, Aij = 0 if i::/:. j and Aij = A if i = j. Hence, 
all equations in the system adjust in the same way to de
viations to the long-run equilibrium. The adding-up re
striction is guaranteed. Model (4) is transformed into: 

~[ Wj In ( :;;:~ )] = ~j~ln( A~ ) + j~ 1 ~ij ~ In Pjt-

- A [ Wj In (~) - aj - ()j In ( ;;-1 ) - (S) 
W t-1 t-1 

Expression (S) nests other dynamic specifications such 
as, partial adjustment, first order autoregressive and the 
static model. By imposing some parameter restrictions it 
is possible to test the appropriate dynamic specifica
tion. If cpj = ABj, and J1ij = AJ1ij are imposed, the specifi
cation (S) yields the partial adjustment model: 

~Wj In( t;;f ) = [ aj + ()j In( f;,~ ) +j~l Trij In Pjt-

- Wj In( qj~-I )] A + Et 
W t-1 

(6) 

If cpj= OJ, and J1ij= 1rij, the result is a first order autore
gressive model: 

Wj In(~) = aj A + ()j In( PY~ ) + f Trij In Pit + 
W t t j = 1 

-f Trijln pjt-l] + Et 
j=l 

Finally, if A = 1 is imposed in (7), we get the static mod
el (2). 

ESTIMATION AND RESULTS 

Data come from different sources. Per capita consump
tion expenditures are obtained from a study conducted 
by the Ministry of Agriculture. Data on quantities have 
been estimated using the "Food Balance Sheet" ap
proach, with requires the existence of statistical data on 
production, imports and exports, and changes in stocks 
in order to determine the quantity available for human 
consumption. Yearly data are used covering the 1973-
1994 period. Finally, annual price series for each com
modity have been found in the Bulletin Mensual de Sta
tistique (Monthly Statistical Bulletin) published by the In-
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stitut National de la Statistique (National Statistics Insti
tute, or INS) and have been deflated by the consumer 
price index taken from the same source. Since the GADS 
model adds up, the sum of residuals across the equations 
is equal to zero Ci..uj = 0), and the variance and covari
ance matrix of residuals is singular. To overcome this 
problem, one equation must be arbitrarily deleted. In this 
paper, the fish equation was deleted. The system has 
been estimated using the Full Information Maximum 
Likelihood (FIML) procedure. Weak separability was also 
imposed, that is, it has been assumed that expenditure in 
meat and fish is separable from other expenditures. This 
approach has been extensively used in the literature on 
meat and fish demand. Under this assumption, elastici
ties has to be carefully interpreted. The first step in our 
analysis has been to estimate the GADS model in a diag
onal error correction form and to test the theoretical re
strictions (homogeneity and symmetry). Results from 
such tests are given in table 1. As it can be observed, it 
is not possible to reject both restrictions at the 1% level 
of significance. We have adopted the 1% level due to the 
short sample available and because such tests are 
asymptotic. As a second step, several tests have been 
performed in order to determine the appropriate dynam
ic specification with homogeneity and symmetry im
posed. A Likelihood Ratio test has been used to discrim
inate among the alternative models (Partial Adjustment, 
First Order Autoregressive, and Static) (table 2) . Results 
indicate that the hypothesis of error correction model is 
not rejected, at 1 percent level of significance. The Error 
Correction form means that actual consumption needs to 
be adjusted in the short-run towards a long-run equilib
rium since there seems to exist strong deviations be
tween the short-run and the long-run consumer behav
iour. In order to assess the overall goodness of fit of the 
system, a system-wide measure has been used which has 
a similar interpretation than the single-equation measure. 
The system R2 compares the current model with a 
benchmark, which in this case is a model with intercepts 
only (Bewley and Young, 1987). It has the following ex
pression: 

R2 = 1 ________ 1 ______ _ (8) 
1 

1 + 2 X [LLu - LLtJ X T X (N - 1) 

where LLu is the log likelihood of the unrestricted mod
el, LLb is the log likelihood of the base model (only in
tercepts), T is the number of observations, and N is the 
number of equations in the system. The R2 value for the 
GADS model was 0.63, indicating that the model per
forms relatively well in terms of explanatory power as 
dependent variable is in first differences. The estimated 
coefficients with homogeneity and symmetry imposed 
are presented in table 3. All income and own price pa-
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Table 1 Testing theoretical restrictions. 

I 
Log L 

I 
LR 

I 
D.F I Critical value 

5% 1 % 
Unrestricted 201.48 - - - -

Homogeneity 198.99 4.98 3 7.81 11.34 
Homogeneity 
and symmetry 194.50 13.96 6 12.59 16.81 

Note: Log L: Log of Likelihood Functions; LR: Likelihood Ratio; D.F: Degrees of Freedom. 

Table 2 Testing for alternative dynamic specifications. 

I 
Log L 

J 
LR 

I 
D.F I Critical value 

5% 1% 
ECM 194.50 - - - -
Autoregressive 189.48 10.04 1 3.84 6.63 
Partial Adjustment 187.02 14.96 1 3.84 6.63 
Static 186.47 16.06 2 5.99 9.21 
Note: Log L: Log of Likelihood Functions; LR: Likelihood Ratio; D.F: Degrees of Freedom. 

rameters are statistically Significant at the 5% level. The ')... 
parameter, which measures the speed of adjustment to 
changes in the long-run equilibrium, is highly Significant, 
indicating that it is an important determinant in food 
consumer demand. The most interesting economic para
meters for policy analysis are elasticities. Table 4 sum
marises the estimated long- and short-run meat and fish 
demand elasticities computed at sample means based on 
the estimated parameters. In general, the estimated price 
and expenditure elasticities for all groups are quite rea
sonable. The own price elasticities (Marshallian and 
Hicksian elasticities) have the expected negative signs 
and are lower than unity indicating that demand is inelas
tic in all cases. Beef meat and fish can be considered as 
luxury goods, in relation to total meat and fish expendi
ture, as they have expenditure elasticities greater than 
one. Then, an increase in total meat and fish expenditure 
induces more than proportional increases in beef and fish 
consumption. On the other hand, lamb and poultry are 
necessities (expenditure elasticity less than one) . It is im
portant to notice the low responsiveness of poultry to in-

Table 3 Maximum likelihood parameters of the error correction 
GADS model with homogeneity and symmetry restrictions imposed. 

Parameters 
I 

Beef 
I 

Mutton I 
and Goat Poultry 

I 
Fish 

Cl; -0.218 0.19 0.30 -0.27 
(-0.64) (0.97) (2.16) (-1.05) 

13; 0.35 0.23 -o.96E-02 0.41 
(3.36) (3.79) (-0.211) (4.88) 

Y;l -0.07 - - -
(-1 .35) 

Y;2 0.029 -0.08 - -
(1.10) (-3.91) 

Y;3 0.032 0.028 -0.068 -
(2.00) (2.35) (~.92) 

Y;4 0.82E-02 0.026 0.74E-02 -0.042 
(0.16) (1.25) (0.64) (-1 .06) 

A 0.68 0.68 0.68 0.68 
(5.34) (5.34) (5.34) (5.34) 

Note: t-ratios are in parentheSiS. 
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Table 4 Long and short run expenditure and compensated price 
elasticities at mean values. 

Eiasticities 

I 
Beef 

I 
Mutton I Poultry 

I 
Fish 

and Goat 
Expenditure 1.24* 0.78* -{).08 1.39* 

(0.91*) (0.60*) (0043*) (1.69*) 
Beef -0.60* 0.14* 0.11 * 0.028 

(-0.35*) (-{).003) (0.08*) (0.002) 
Mutton and Goat 0.098* -0.51* 0.084* 0.087* 

(-{).002) (-0.47*) (0.15*) (0.14*) 
Poultry 0.28* 0.25* -0.60* 0.066 

(0.22*) (0040*) (-0.74*) (0.06) 
fish 0.027 0.089* 0.025* -0.55* 

(0.002) (0.15*) (0.022) (-0.67*) 

Note: Italic figures are Marshallian own price elasticities; Short·run elasticities are in parenthesis; 
·denotes significance at the 5% level. 

come changes. If we consider now the compensated 
cross-price elasticities it can be observed that in the long
run all products are close substitutes. The most interesting 
relationships that can be pointed out are, between beef 
and poultry and between mutton and goat and poultry. In 
general, meat and fish consumption seems to be more re
sponsive to own prices rather than to cross-prices 
changes. Finally, it is possible to point out that in the 
short-run responses are less significative than in the long
run. Only the own-price elasticity for poultry and the fish 
income elasticity are higher in the short-run. 

CONCLUSIONS 

Elasticity estimates are critical parameters in developing 
countries for policy analysis. Elasticities used in past-ap
plied models in Tunisia have frequently been based on 
subjective judgement and have not been supported by 
quantitative and empirical evidence. The objective of 
this paper was to estimate Tunisian demand elasticities 
for beef, mutton, poultry, and fish, using a quantitative 
approach. Several static and dynamic versions of the 
GADS model were specified and estimated. Results 
have indicated that a GADS model in error correction 
form fitted better the data. 
This specification indicates that it is needed to differen
tiate between the long-run and the short-run consumer 
behaviour in Tunisia. Calculated demand elasticities 
have indicated that beef and fish are considered as lux
ury products, while mutton and goat are normal goods 
(as expenditure in meat and fish increases, Tunisian 
consumers tend to buy relatively more beef and fish 
and less mutton and goat and poultry). As regards to 
price elasticities, all meat and fish categories are price 
inelastic. 
Cross-price effects are low, but with substitutability pre
vailing. Results obtained in this study only apply to the 
sample period and groups of products considered 
(meat and fish) . Further research is needed both at a 
more aggregated level (total food) and at a more disag
gregated level (more fish categories). Finally, it would 
be more interesting from a policy maker point of view 
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to analyse the influence of calorie and protein intake on 
food demand as well as to asses the influence of so
ciodemographic characteristics of consumers. 
However, data needed to carry out such cross section 
studies are not yet available. Future availability could 
be of extraordinary importance to carry out studies of 
food demand in Tunisia. • 
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