
1. Introduction
Livestock rearing, like

any other sector, is meant to
contribute to the economic
development of a country.
Livestock systems have a
triple role through their eco-
nomic, social and environ-
mental functions. First,
through the production of
food and primary materials,
these systems can con-
tribute to a large share of a-
gricultural GDP (Hatfield
and Davies, 2006), but as
the demand in livestock
products is growing fast in
developing countries, this e-
conomic function is in-
creasingly carried over by
fattening intensive activi-
ties. Second, livestock rep-
resents the main asset to
many pastoralist and agro-
pastoralist households; they
also have a social role
through sustaining rural ac-
tivities and fighting against
scarcity. Finally, if livestock
systems are well managed,
they can provide an impor-
tant range of environmental
and economic services.
However, although the eco-
nomic and social roles have
been supported by incen-
tives policies (feed subsi-
dies, drought management,
or livestock market protec-
tion) and infrastructures in-
vestments, the provision of
environmental services has
not been appreciated.

One of the greatest chal-
lenges faced in the country
and mainly in the South is
the degradation of range-
lands. It has been estimated
that rangeland areas have
decreased between the
mid-1970’s and the mid-
1990’s by 10% in Tunisia
(Abdelguerfi et al., 2000).
In addition to their reduc-
tion in area, rangeland pro-
ductivity is decreasing.
Nedjraoui (2004) shows
that today’s forage produc-
tion corresponds to 30% of
the 1968 amount.

Overgrazing is the main
source of degradation of
these areas. It impacts the
floristic composition; by
destroying the protecting
vegetative cover, the soil
becomes prone to erosion
and within a few years the
land is abandoned. Actu-
ally, with the mobility
pattern of the pastoralists
associated with water ac-
cessibility and availabili-
ty, animals can be contin-
uously kept on the range,
which disturbs the natural
balance and intensifies
the degradation process.

In this paper, the objec-
tives are two: we would
like to underline the scale
and importance of the red
meat sector in Tunisia by
emphasizing potentials as
well as constraints that
contrast this sector espe-
cially in less favoured pas-

toral areas presenting most of small ruminant’s livestock, and
to stress on the determinants of meat supply response by a
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Abstract
Alike other North African countries, Tunisia is characterized by vast pastoral territories.
The main vocation of these areas was livestock production. Pastoral lands, which are sub-
ject to increasing pressure leading to their degradation, not only provide forage to feed live-
stock but also play a critical role in alleviating many of the most challenging environmen-
tal and ecological problems. Today, the situation is complex since phenomena of degrada-
tion, drought and grain price escalation. As a result, some breeders stop their activity in
search of more lucrative chances. Others diversify their income sources by trying to carry
out small service activities in the neighbouring villages. But, when livestock production re-
mains the main activity, they try to strive, after all, to maintain their flocks. Livestock rear-
ing, frequently being the only possible activity in less favoured areas, is often fundamental
to maintain social activities and contribute to the national self-sufficient in meat.
This paper provides a summary of indicators demonstrating the economic importance and
potential of the livestock sector in Tunisia in order to raise the awareness of decision mak-
ers on all opportunities this sector can offer if we can orientate the breeders’ behaviour with
respect to economic and climatic conditions. The paper focuses on the determinants of the
production supply and on the livestock dynamic process by carrying out a relational analy-
sis to determine the factors and the decisional variables which affect the productivity pa-
rameters and the behaviour of breeders in their decisions related to meat production and op-
tima livestock size. We showed that the identification of such determinants allows decision
makers to select the intervention tools according to target objectives.
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Résumé
Comme tous les pays de l’Afrique du Nord, la Tunisie est caractérisée par des vastes ter-

ritoires pastoraux. La vocation principale de ces territoires était la production animale. Ces
terres pastorales, de plus en plus soumises à la pression menant à leur dégradation, non seu-
lement fournissent le fourrage pour alimenter le bétail, mais jouent aussi un rôle critique
dans le soulagement de beaucoup des problèmes les plus controversés de nature environne-
mentale et écologique. Aujourd’hui, la situation est complexe suite à des phénomènes de dé-
gradation, sécheresse et flambée des prix des aliments de bétail. Par voie de conséquence,
certains éleveurs ont décidé d’arrêter leur activité d’élevage et cherchent ailleurs une aut-
re activité plus lucrative. D’autres diversifient leurs sources de revenu en essayant des peti-
tes activités de service dans les villages aux alentours. Mais, pour ceux dont l’activité d’é-
levage reste l’activité principale, la lutte continue, quelque soit le prix, pour maintenir et en-
tretenir leurs troupeaux. L’élevage des animaux, étant fréquemment la seule activité possi-
ble dans les régions les moins favorisées, est souvent fondamental pour le maintien des ac-
tivités sociales et contribue à l’autosuffisance alimentaire en matière de viande.

Primo, ce papier fournit un résumé des indicateurs qui montrent l’importance écono-
mique et le potentiel du secteur de l’élevage en Tunisie. Second, il essaye de mettre en
exergue les principaux déterminants de l’offre des viandes rouges à l’échelle de la Tuni-
sie. L’objectif, bien entendu, est de sensibiliser les responsables et les décideurs à toutes
les opportunités que ce secteur peut offrir. Le travail montre que l’amélioration de la pro-
duction de viande passe par la maîtrise du comportement des éleveurs vis-à-vis des condi-
tions économiques, climatiques et conjoncturelles. Ainsi, ce papier se concentre sur les dé-
terminants de l’offre de viandes rouges ainsi que sur le processus dynamique du cheptel
en effectuant une analyse relationnelle pour déterminer les facteurs et les variables déci-
sionnelles qui affectent les paramètres de productivité et le comportement des éleveurs
dans leur décision liée à la production de viande et à la taille optimale du troupeau. De
surcroît, ce travail fournit un outil d’intervention aux décideurs de la politique agricole
pour sélectionner les mesures d’interventions selon les objectifs ciblés.

Mots-clés: bétail, performance, Tunisie.
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modelling work following the models proposed by Nerlove
(1956) and by Griliches (1957) and referred as Adaptative ex-
pectations and partial adjustment models.

2. The importance of rangeland and livestock
In Tunisia, population and livestock statistics are not disag-

gregated for the pastoral sector. In particular, data on the con-
tribution of pastoralism to national economies are often in-
complete and, despite the striking contributions mentioned
by official data (Table 1), the real value of pastoralism re-
mains overwhelmingly under-estimated. Pastoral herds are
located in the South of the country (Governorates of Mede-
nine, Tataouine and Gabes) which covers 1/3 of the national
territory, but include today only 1/10 of the small ruminants
population and half of the camelids (Nasr, 2000). Livestock
production is practiced by almost all rural households there.
Today, rangelands satisfy less then 20 % of the feed require-
ment of the total small ruminant population, against 70-80 %
in the 1960’s (WISP, 2006). Hence, pastoral livestock pro-
duction heavily relies on imported and subsidized feed grain.
The majority of livestock is informally traded and it is not
captured in official records. Furthermore, indirect values of
pastoralism remain almost entirely underestimated, yet pas-
toralists play a significant role in providing inputs to agricul-
ture, enabling the production of a range of non-pastoral dry-
land products and providing a set of ecological and rangeland
services.

The rangelands nearly cover 80% of the arable land area, or
35% of the total area, which consists of arable land area,
desert areas, forested zones and alfa grass steppes, i.e. 7 mil-
lion ha in all. Areas generally have an average annual rainfall
below 300 mm, and either a Saharan or an arid Mediterranean
bio-climate. Although the land ownership status may change,
rangelands are mostly subject to a system known as collec-
tive ownership.

For the areas concerned, the flock numbers are evaluated
at 3.5 million sheep and 0.6 million goats. Although the lat-
ter are less abundant in the central zone, they account for ap-
proximately one third of the flock in the South. Rainfall vari-
ability may subject the flock to a sharp fall in numbers dur-
ing drought years, since animals obtain over 80% of their
feed from rangelands. Owing to the expansion of cropping
activities (cereals and in some areas fruit trees), the role
played by animal production in the very low income of rural
populations considerably varies and is on average estimated
at 25%. It is thought that the rangeland area has receded by
30% over the last 30 years.

The evolution of the population over the 1950-2007 period
(Figure 1) is relatively constant for goats, while the number of
sheep has increased more than 3 times. Sheep are well repre-
sented in Tunisia as they represent 83% of the small ruminants
(2007) against only 57 % in 1950.

Figure 1 presents the changes in the sheep and goat popula-
tions over the 1950-2007 period. Goat population was mainly
located in marginal and mountainous zones and, at the begin-
ning of independence, most farmers changed their goats for
sheep. In the 1965s, some changed back to sheep, due to the
privatization policy of the rangelands and their development

through arboriculture and olive growing. Sheep are considered
to be more suitable than goats to graze marginal grazing sites.
In the middle of the 1980s, the government started to promote
the global livestock sector; in particular, sheep dual functions
were advertised: production of meat and milk were considered
attractive. Major motives for this change have been the larger
body size of fat-tailed sheep and preference of consumers for
meat of fat sheep.

Camels are mainly raised; their number was kept constant
over this period and statistics gives report the presence of 231
thousand units in 2007. Camels are found in the desert zone
with less then 100 mm rainfall. The dromedary is an econom-
ically important source of income in Central and Southern
Tunisia. It produces milk and meat and also contributes to
make the vast rangelands more valuable. They are organized
in private and collective flock, 60 to 150 heads each (young
and adult females with a male for each 80 females), and eat
rangeland plants (Ben Dhia et al., 1995).

In arid and semi-arid regions, an extensive animal produc-
tion system prevails where permanent pastures (rangeland)
provide the majority of animal feed. The herd composition in
these predominantly pastoral systems includes varied propor-
tions of small ruminants depending on several environmental,
social and economic factors. In these regions, 39% of bred
goats breeders and 37% of bred sheep are produced on small-
sized farms (<5 ha) (DGPDEA, 2005). Under the erratic and
low rainfall conditions of the tropics, animals are the most ef-
ficient converters of a fragile cover of primary production in-
to animal protein. In the very arid environments, users are ex-
tremely mobile where migration is usually in search of water,
forage and mineral supplementation. In these systems, live-
stock rearing is the main activity for a subsistence livelihood.
The herd structure could be dominantly composed of sheep,
goats and camelids.

3. The importance of livestock products
Red meat is the main livestock product in Tunisia, whereas

milk productivity is low and mainly self-consumed by house-
holds. The Tunisian red meat sector is very diverse and plays
an important role in the whole agricultural and food sector,
from production to final consumption. Until recently, State
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and private operators have concentrated their interest on the
dairy industry. But in the last few years (AVMS, 1996), the in-
terest in the red meat sector and its socio-economic impor-
tance have both grown. Thus, State institutions as well as pri-
vate organizations (breeders, traders, industrials, etc.) organ-
ized discussions on problems concerning the red meat sector
and the constraints to its development.

Red meat production is provided by bovine (47.2%), sheep
(44.7%) and goats (8.1%) (Table 2). Camel meat is
only marginal. Most of animal transactions occur
in weekly rural markets.

Indeed, the development of animal productions
is related to the growth of meat/grain prices ratio.
According to Boutonnet (2005), in certain pastoral
regions in North Africa, the problem is different:
the standard of living and the consumer habits keep
prices high for animal products, especially meat. In
particular, Tunisia set up a policy of grain import
with the world market price. The livestock market
(especially the sheep market) is strongly specula-
tive and the price changes every year according to
the climate, the period (with a pick occurring in
Eid El Edha ceremony or in feast periods) and the
animal category: herders sell most of males (lambs
and kids) in the Aid and feast periods, or sell a part
of the flock to be able to keep the remaining part during
drought periods. In addition, with the opening of livestock
markets, Tunisia performs an economic reform materialized
by an increase in the price of milk production, a liberalization
of the meat prices and the abolition of subsidies given in 1986
to buy feedstuffs. These measures initially led to a significant
increase in the supply of two products. However, over the last
few years (Figure 2), the growth of this sector has strongly s-
lowed down.

The market circuit is characterized by a long pro-
duction chain. 228 livestock markets and 238 s-
laughterhouses were working in the country in 2006
(Ministry of Agriculture, 2006), against only 157
and 218 respectively in 1996 (Belhadj et al., 1997).
22% of these markets are located in the South, 48%
in the Centre and 30% in the North. In the formal
circuit, supply is dominated (80%) by brokers and
farmers, and demand comes from butchers (45%),
traders (30%) and farmers (15%).

Results show that the meat sector is important but
cannot reach its maximum productivity level. Hence,
we must find those factors and the decisional vari-
ables able to affect the productivity parameters and

the behaviour of breeders as for decisions to make on meat pro-
duction. So, in order to consider all opportunities this sector can
offer, we should also focus on the integration of new elements in
the study of the livestock dynamics, such as the breeders behav-
iour. Therefore, the animal demography and life cycle are not the
only determinants of the livestock dynamic process. Indeed, al-
so the behaviour of the breeders with respect to the economic
and climatic conditions plays a fundamental role (Jaouad, 2005).

4. Meat supply response model
In this section, the empirical approach consists in the esti-

mation of the supply equation, using aggregated data of sheep
and bovine meat at national level.

Econometric models of agricultural supply, either at the sec-
tor level (herd) or at the commodity level (meat), were formu-
lated in terms of times-series, following models proposed buy
Nerlove (1956) and Griliches (1957) and referred as Adapt-

able expectations and partial adjustment models.
They are both single-equation models, independent for

each commodity or group of commodities, and they do
not impose any restriction to represent the interaction ef-
fects reflected in the matrix of cross-price elastic ties.

The Nerlove model requires a one-step direct estima-
tion of production as a function of prices and other rele-
vant variables. The Griliches model is a tow-step model
where the supply function is derived from the marginal
conditions of profit maximization when a Cobb-Douglas
production function is used (Isabelle et al., 2004).
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Figure 1 – Sheep and goat population trend in Tunisia (1950-2007).

Figure 2 – Retail and wholesale meat prices and grain price trend (1970-2005).

Table 2 – Tunisian economics, land use and population (2004).



Yield functions were presented as contemporaneous causal-
ities whereas the specification of the total heard size function
was conceptualized in a dynamic Nerlovian partial adjustment
(Nerlove, 1956). Hence, the Nerlove model describes the dy-
namics of supply by means of prices expectations and adjust-
ment costs.

5. Supply function specification
Here, the main objective is to determine how producers will

reply to price changes. We particularly focus on the behaviour
of producers in the choice of their production decisions, given
the product prices.

The analytical model is very simple and the general form of
the supply’s function is:

(1)

Where is the desired or equilibrium level of the output at
time (t), and is the expected value of the price at time (t),
available at (t-1). In this model, price expectations are gener-
ally assumed to follow the adaptable scheme:

By this way of introducing dynamics into the model, the ex-
pected normal prices are revised in each period and proportion-
ally adjusted to the difference between the actual prices in the
prior period and the expected price available for that period.

The recurrent substitution leads to:

(2)

Replacing (2) into (1):

(3)

Where (µ) is the coefficient of price expectations. (b) Repre-
sents the long-term elasticity of (q) with respect to P (long-term
response of the supply to the price) and ( b

µ
) is the short-term e-

lasticity of (q) with respect to (P).
Following the same reasoning, the observed change in the

meat production (qt-qt-1) is just a fraction of the change re-
quired to reach the optimal level ( ) and the level of output
can be written as:

(4)

Where (0<d<1) is the partial adjustment coefficient: it
demonstrates that in each period a fraction (d) of the differ-
ence between the actual output and the long-term equilibrium
output is being satisfied.

The specifications of the red meat product require adopting
particular hypotheses on the supply function and complicating
the model-building of producers behaviour. These characteristics

notably correspond to the politics of intervention existing for this
product and to the existence of a production delay time.

In the context of supporting price of bovine and ovine meat on
the market, we are going to assume that anticipations for pro-
ducers are realized in an artless way, that is:

pt = pt-1

Assuming «naive» the model according to which the expected
price is the price lagged one period (Pt-1) and replacing (4) into
(1), it follows that the supply equation becomes:

(5)

An important specificity of the production of red meat consists
in its dynamic character. In a schematic way, the meat production
results from young animals (calves, lamb and kids), adults and
reformed animals (Jaouad, 2005). The replacement of the herd
requires a period of time (adjustment delay). In a given year, the
herd size as well as its demographic characteristics seem to be
the main factors that effect the meat production of the following
months, even years: biologic constraints create a production pe-
riod of time. Consequently, the supply level in (t) depends on
past prices. Therefore, because meat quantities result from sev-
eral categories making the herd structure, various price lags must
be introduced in the model.

According to Griliches (1957), the estimation of the responses
of the aggregated supply, based on the aggregation of the input
demand elasticities, starts with a Cobb-Douglas production func-
tion with constant returns to scale for a vector of n inputs, which
is distinguished from the price of the output and reformulated in
terms of elasticities.

The price is being given, the producer is supposed maximizing
his profit. He therefore determines the level of production (qt) and
the quantities of the factors of productions (x1t, x2t) under techno-
logical constraints described by the production function as follows:

Under the assumption of profit maximization, the supply elas-
ticity with respect to input j can be estimated from the input j
share in the total revenue (or in the total costs if it is assumed that
in equilibrium profits are equal to zero). The price elasticity of
the aggregated supply is then recovered by aggregating the sup-
ply elasticities with respect to input prices, in accordance with its
share in the total cost or total revenue (Brescia et al., 2001).

Some lags are introduced in the specifications of the input de-
mand functions in order to estimate short and long-term elastic-
ities. Under the assumption that output reaches its equilibrium
only if it is reached by all inputs, then the short-term response of
the aggregated supply is estimated as the weighed aggregation
of the short run inputs elasticities, and the long-term response of
the aggregated supply is estimated as the weighed aggregation
of the long-term inputs elasticities. This method has been used
to estimate aggregated supply functions in developed countries,
since it requires a great amount of data for prices and quantities
of inputs and outputs, usually not available in other economies.
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Apart from the assumption of agricultural inputs with per-
fectly elastic supply, this model also assumes that the increas-
ing use of inputs makes the aggregate supply grow but does
not take into account the non purchased inputs, as household
members work. Finally, as it has been said, the model is based
on a Cobb-Douglas production function, and it therefore im-
poses a (restrictive) elasticity of substitution being equal to
one of all the production factors.

6. Empirical analysis
Tunisian annual data over the 1970-2006 period are evaluat-

ed. They were supplied by the DGPDA (statistical services,
Ministry of Agriculture). For sheep and cattle meat produc-
tion, we use controlled slaughtering production (q), given by
the Ministry of Agriculture. About price-time series, we have
to make three price-index for bovine meat (PB), sheep meat
(PO) and grain (PA), based on 2000 data. Another variable
that proves important is the rainfall index ratio (IR), calculat-
ed for central and northern regions to use in the cattle model,
and calculated for central and southern regions for the sheep
model (rainfall value of the year divided by the average of the
whole period).

First, we try to estimate a function of the Nerlove model. Spec-
ification is based on artless anticipations for prices of production
and on partial adaptation of the required quantity in relation to
the observed quantity. To put in motto the effect of prices liber-
alization for meats since 1979, we introduced into the supply
function a dummy variable in additive and multiplicative way
which takes value (0) before 1978 and value (1) starting from
1979. In this case, we make the hypothesis that the prices liber-
alization modifies the response of producers and we hope that the
marginal effect of a variation of short-term prices varies before
and after the liberalization.

We eventually estimate the following two equations:

For cattle:

And for sheep:

With:
qtc, qts: meat quantity for cattle and sheep respectively;
EBt, EOt: cattle and sheep herd in thousands of head re-

spectively;
EBt-1, EOt-1: lagged dependent variable of meat and herd

size respectively;
PBt-1: lagged bovine meat price index (year 1990);
PAt-1: lagged price index of grain food for cattle;
Pot-1: lagged ovine meat price index (year 1990);
IRNt-1: lagged index of the average of precipitation in

northern and central regions
IRSt-1: lagged index of the average of precipitation in

southern and central regions
D79: dummy variable

7. Results and discussions
The signs of coefficients are coherent with the microeconom-

ic theory: positive impact of the meat price on the production
level, negative impact of the grain price, and also positive effect
of expected rainfall quantity on the production level. The coeffi-
cient of the grain food price is not significantly different from ze-
ro in 5% but we cannot omit this variable of the specification be-
cause it is a basic argument of the meat supply function.

Table 3 shows that prices liberalization adopted since 1979,
measured by the dummy variable (D79) in additive way (the
marginal effect of the prices variation in the short run is supposed
to be constant) modifies the producers and the breeders respons-
es with regard to price changes. Also, it seems that the marginal
effect of prices variation in the short run, after and before 1979,
is not the same. Results presented in Table 3 and 4 show that D79
and D79*PBt-1 are significant for the bovine sector and in-
significant for the sheep sector.

Some of the estimated parameters are not in line with expecta-
tions, both in sign and in magnitude. Indeed, in Tunisia, there is
no direct measure of bovine and sheep production. To measure
the noted meat production level (qs and qc), we use the ‘con-
trolled slaughtering’ which corresponds to slaughters controlled
by veterinarians in slaughterhouses.

Those prices at production appear as main argument of the
supply function. But, when the producer makes his decisions on
production, he does not know the retail (Pt) which is in a gener-
al way determined by the confrontation between the supply and
demand on the meat market. That is because we find a negative
sign associated to variable D79 and D79*PBt-1.

The price coefficients directly give the marginal effect of a
variation of short-term prices. To compare the effect of the ex-
planatory variables, it is necessary to calculate elasticities. To
calculate the short-term elasticity, we take 1990 as reference
year. Knowing that the level of bovine meat production is equal
to 33,800 tons (value of 1990), if the meat price increases by 1%
in (t-1), production increases by 0.21 % in (t).

Involving the marginal effect of long term, Table 5 shows that
the long-term elasticity is equal to this coefficient multiplied by
the ratio between the level of prices and the production in the
same year estimated at 0.48 %.

The partial adjusted coefficient is about 16 % for the bovine
herd and 22 % for the sheep flock. This means that only 16 % of
difference between desired and observed herd size is eliminated
in one year.

8. Conclusions
The red meat sector in Tunisia has gone through many eco-

nomic reforms since 1970, materialized by a global increase in
the price of meat production and grain and liberalization of those
prices. These measures led to an increase in the supply of both
sheep and bovine meat. This work tries to underline importance,
potentials and performance of the red meat sector and measures
the degree of influence of the new price structure in the devel-
opment of this sector. Estimates stemming from the modelling
works led to draw the following conclusions:

1. In the red meat sector, breeders and producers are sensitive
to the variation in prices and to the increase in grain feed costs;
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2. This modelling work is particularly useful in taking into ac-
count the real behaviour of breeders as to sizing of their herds;

3. Studying the breeders behaviour is interesting from both a
practical and a scientific point of view to set up the appropriate
strategy for the red meat sector. Hence, the determinants of the
production supply and the herd dynamic process are mainly the
result of the breeders behaviour with respect to the specific eco-
nomic and climatic conditions.
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