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Abstract

This study aims to analyze the direct and indirect impact of future climate changes on 
agricultural production and macroeconomic aggregates. A dynamic general equilib-
rium model of the Tunisian economy has been developed, which takes into account the 
effects of future climate shocks from 2020 to 2050 to assess the impact of future climate 
change on agricultural production and macroeconomic aggregates. The model is used 
to simulate various scenarios. 

The results of the climate shock simulations clearly show that long-term citrus fruits 
production is showing remarkable declines in the most citrus-producing governorates 
following a significant drop in water level in dams and level of groundwater table. In 
turn, cereals are the plants most affected by the long-term reduction in rainfall. As 
for the olive production, it would show a decline reaching –1.263% between 2020 
and 2024 in the level of its production following reduction in rainfall. From a macro-
economic point of view, climate change will result in the short- and long-term in a 
deterioration of certain quantities, notably household consumption, entrepreneurial 
investment, and the unemployment rate, which decreases by –0.139% between 2031 
and 2040. These results underline the need for a long-term agricultural policy to re-
duce or limit the economic and social consequences of climate change and support 
economic development.
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INTRODUCTION

Climate change is one of the main concerns from the 21st century; it 
has large effects on economic growth and the well-being of the pop-
ulation. In Tunisia, the agricultural sector plays an important role in 
economic and social development influencing the level of employment 
and the share of its value added in the GDP. Despite its economic im-
portance, the agricultural sector remains particularly sensitive to re-
gional climatic hazards.

The direct and indirect effect of climate change on agricultural pro-
duction cannot be generalized. The impacts of this phenomenon vary 
from one governorate to another. Most studies raise the question of 
sustainable agricultural production facing long-term climatic hazards.

This paper aims to measure the impact of climate change shocks 
on a series of macroeconomic variables (notably economic growth) 
through agricultural production. The methodology of the study is 
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therefore based on a dynamic and multisectoral general equilibrium model, which integrates the 
results of an econometric analysis of the climate impact on agricultural productivity and the fore-
casts of future climate shocks until 2030. 

This work tries to remedy the absence of a model, which links the following three factors: climate, 
agricultural production, and economic growth. Indeed, it was found that all studies in this area 
use partial models to assess the effect of the climate shock either on agriculture, or on economic 
growth (Molua, 2006; Deressa, 2007; Ginnakopoulous et al., 2005; Kumar & Parikh, 2001; Weber 
& Hauer, 2003). 

To achieve this objective, a dynamic multisectoral general equilibrium model is applied for Tunisia. 
This model takes into account the reaction over time of the various climate shocks and thus appre-
hends the economy as a complete system. Therefore, it provides an analysis to grasp the relation-
ship between agriculture and macroeconomic aggregates via temperature, precipitation, dam water 
level and groundwater level, which are the main channels of shock transmission in this model. 

As the second step, the study extends the static analysis used by most studies dealing with the gen-
eral equilibrium model to quantify the impact of climate change on agricultural production and 
economic growth (Bosello & Zhang, 2005). Dynamic analysis makes it possible to analyze the dy-
namic relationships between the different variables of the model, on the one hand, and to simulate 
and forecast the economic conditions following climate shocks, on the other hand.

The academic novelty of this paper is justified not only by the use of an original and complete 
construction of the social accounting matrix and the dynamic general equilibrium model, but also 
by taking into account the time horizon, which ref lects the continuous impact of different shocks 
while understanding the economy as a complete system. 

Consequently, it provides an analysis that makes it possible to understand the link between agricul-
ture and other sectors of the economy via the temperature, precipitation, water level in dams, and 
the water table, which constitute the main channels of shock transmission in the model.

This paper develops the first general equilibrium tests in environmental economics, which consider 
the impact of climate change on agricultural production and economic growth in Tunisia. To this 
end, the paper is interested in the dynamic modeling of computable general equilibrium to capture 
the direct and indirect impact of climatic variations on agricultural production. 

Similarly, the dynamic general equilibrium model allows grasping the effects of future climate 
shocks on a series of macroeconomic variables via the agricultural production of irrigated and 
non-irrigated plants. This model can enrich the empirical literature, on the one hand, and study 
the impact of previous climatic variations and by understanding the future shocks of climatic haz-
ards on agricultural production, on the other hand.

The rest of the paper is organized as follows. The first section presents a review of the empirical 
literature. The second section is devoted to the theoretical presentation of the equations of the dy-
namic general equilibrium model and describes the empirical analysis of the model composed of 
the social accounting matrix of Tunisia. The third section presents and analyzes simulations and 
results, and the last section concludes the paper.
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1. LITERATURE REVIEW

The effects of climate change on agriculture have 
been developed in several theoretical works, most 
of which have been applied to developing coun-
tries (Mendeldhon et al., 1994; Mendelsohn & 
Dinar, 1999; Kumar & Parikh, 2001; Deressa, 
2007). These effects were evaluated according to 
two approaches: one in terms of partial equilibri-
um and another in terms of general equilibrium.

Indeed, the analysis according to the partial equi-
librium model takes into account part of the global 
economy, while the general equilibrium model con-
siders the economy as a complete system and thus 
provides an analysis allowing to grasp the link be-
tween agriculture and other sectors of the economy. 

The issue of climate change impact on agriculture 
has been discussed in the literature applying three 
different models: simulation models, production 
function models, and Ricardian models.

Simulation models are based on controlled exper-
iments where crops are planted in the field or in 
the laboratory. In the latter case, different types 
of climate and different levels of carbon dioxide 
are simulated to estimate the responses and yields 
of specific crops under certain climate conditions 
(Reilly et al., 2003). However, these models do not 
take into account the adaptation of farmers to cli-
mate change (Mendelsohn & Dinar, 1999).

As for the analysis of agricultural production that 
is called agricultural production economics mod-
els in the area, they combine harvest simulation 
models, with an analysis of the land management 
decision and capture changes in agricultural re-
sources and climate conditions (Bardhan, 1975; 
Darwin et al., 1995; Fischer, & Sun, 2001). 

The agro-economic analysis classifies the existing 
land by agro-ecological zones, which differ ac-
cording to the length of the cultivable period and 
the climate conditions. The length of the cultiva-
ble period is defined by temperature, precipitation, 
and soil characteristics. Indeed, the modeling of 
harvesting areas and environmental procedures 
makes it possible to identify the environmental 

1 David Ricardo observed that the value of the land reflects its profitability in a perfectly competitive market.

limits under various levels of inputs such as ferti-
lizers, labor, and various management decisions. It 
also provides optimal assessments of the yields of 
agronomic crops per unit of land.

Finally, Ricardo’s model1 is widely used in empir-
ical studies as it quantifies the impact of climate 
change on agricultural production. This mod-
el, launched by Mendeldhon et al. (1994), tried to 
capture the influence of economic, climatic, and 
environmental factors on the value of the agri-
cultural area. The principle of the Ricardian ap-
proach is that the land value is correlated with cli-
mate, in particular temperature and precipitation 
(Mendelsohn & Dinar, 1999; Sanghi et al., 1998). 
This approach is based on the assumption of mar-
ket efficiency and therefore on the fact that the val-
ue of agricultural land reflects the present value of 
farmers’ future income from the most productive 
use of land (Mendelsohn et al., 1999).

Although partial equilibrium models show some 
efficiency combining agricultural and climatic 
variables, which is aimed at improving the esti-
mation of the impact of the latter on the former, 
they also show the absence of a model linking si-
multaneously the following three factors: climate, 
agricultural production, and economic growth. 
Indeed, most studies in this area use partial mod-
els to study either the effect of the climate shock 
on agriculture, or the impact of the climate shock 
on economic growth (Molua, 2006; Deressa, 2007; 
Ginnakopoulous et al., 2005; Kumar & Parikh, 
2001; Weber & Hauer, 2003). 

Besides the insufficiency of partial equilibrium 
models, there have been no studies explaining 
the effect of climate change on economic growth 
through agriculture using a general equilibrium 
model dynamic, case study Tunisia. The only ex-
ception is the World Bank (2012), which concluded 
that this approach allows dealing with long-term 
climate shocks. However, the results obtained re-
main to be taken with caution. Indeed, this study 
does not make a distinction between seasons in-
sofar, as only annual variables are considered. 
Moreover, no distinction between the nature of 
plants or their water need, and even their depend-
ence on the availability of water, is made.
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2. METHODOLOGY

2.1. Presentation of the model

In this section, the study presents the dynamic 
computable general equilibrium model. The struc-
ture of the dynamic model is inspired by the work 
of Marouani and Robalino (2012). Unlike the base 
model, which mainly deals with the issue of em-
ployment and mobility, this model aims to un-
derstand the direct and indirect effects of climate 
change on the Tunisian economy through the ag-
ricultural sector.

For each branch, the output is a Leontief function 
of added value and intermediate consumption. 
Likewise, the intermediate consumption of each 
sector is a Leontief function of the intermediate 
consumption of each type of product i of sector j. 
Besides, added value is a function with constant 
elasticity (CES) of three production factors: capi-
tal and highly qualified labor, moderately skilled 
labor, unskilled labor in branch j.

The production is a function with constant elastic-
ity of substitution (CES) with three factors includ-
ing a composite, and it is written as follows:

1 1
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where Y
i
 – Production by sector, KHS – Capital 

and highly skilled workforce, MS – Moderately 
qualified work, LS – Unskilled work, PVA – Value-
added price by sector, PKHS – Price of the capital 
aggregate and highly qualified workforce, PMS – 
Price of moderately qualified labor, PLS – Price 
of unskilled labor, K – Capital, LD

i,f,a 
– Labor de-

mand by sector and by age, Scale parameter, δ
1
 – 

Elasticity of substitution, α
KHS

, α
HS

, α
LS

, α
HSL

, α
K
 – 

Proportion parameters.

The market equilibrium is written as follows:

, , , , , ,   ,  i i j t i t i t i t i t

i

Y C CG INV DL SK= + + + +∑  (7)

where C
i,j,t

 – Household consumption, CG
i,t

 – Public 
consumption, INV

i,t 
– Demand of Investment, DI

i,t
 

– Demand for intermediate Good, SK
i,t

 – Changes 
in the stock of capital

The equilibrium on the labor market is represent-
ed as follows – 

, ,i tLS LD=∑  (8)

where LS – Labor Supply, LDi – Labor Demand.

The equilibrium on the capital market is given by 
the formula –

, ,i tKS KD=∑  
(9)

where KS – Supply of Capital, KD
i,t

 – Demand for 
Capital. 

The equilibrium of investment and savings is giv-
en by –

,IT SM SE SG CAB= + + +  (10)

where IT – Total Investment, SM – Households 
savings, SE – Savings of Firms, SG – Government 
Savings, CAB – Balance of trade.

2.2. Tunisia’s social accounting matrix 

To calibrate the model, it is necessary to move from 
the theoretical model developed in the computable 
dynamic model. To do this, it is essential to create a 
database for a particular year to estimate the value of 
endogenous and exogenous variables, as well as cer-
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tain parameters of the theoretical model developed 
in the previous section. The main idea is to use the 
social accounting matrix as the empirical basis of the 
model.

The social accounting matrix is part of the large fam-
ily of economic tables. It has a dual purpose: to pro-
vide a coherent presentation of transactions taking 
place across the country or regions, on the one hand, 
and on the other hand, to provide economic policy 
decision-makers with an accounting base and an 
analytical framework that can facilitate their choic-
es (Decaluwé et al., 1986). It can be presented as a 
square table that simulates change in value between 
the different accounts of the economy. In general, 
the accounts of the social accounting matrix are the 
branch account, the property account, the factors of 
production account, and the accounts of the agents. 

The Tunisian social accounting matrix for 2016 is 
constructed as follows: 3 accounts of agents (house-
holds, state, and rest of the world), 3 factors of pro-
duction (labor, capital, and land) and 82 production 
accounts including 14 agricultural, 32 industrial and 
31 service ones.

2.3. Calibration procedures  
of a dynamic model

The first step in the process was to divide the ag-
ricultural sector into 14 sub-branches to identify 
the links between the agricultural sector and other 
sectors of the economy, as well as interconnections 
between different entities of the agricultural sector 
in Tunisia. This step is essential and has double 
advantage. On the one hand, it helps to identify 
the future effect of a climate shock on agricultural 
production in a disaggregated and global way, and 
to understand how this effect is spreading to other 
sectors of the economy, on the other hand.

The second step is to predict the evolution of the 
various climatic variables. This forecast is based 
on disaggregated daily data covering the period 
from 2020 to 2050. It calculates the overall pro-
ductivity of cereal plants, olive, and citrus, and in-
tegrates the Total Factor Productivity (TFP) into 
the dynamic general equilibrium model. 

However, modeling requires a calculation how each 
plant responses within the TFP to future climate 

shocks. It is necessary to determine the new values 
of the climate variables after integrating the smooth 
shocks for each variable. Before calculating the TFP 
of each production, it is essential to calculate the 
elasticities of each variable integrated into the mod-
el for each plant, which then allows us to calculate 
the growth rates of the TFP and integrate it into the 
computable general equilibrium model.

The purpose of this section is to incorporate the re-
sults of the partial model into the dynamic general 
equilibrium model, which focuses on forecasting 
future temperature and precipitation shocks to eco-
nomic growth through agricultural production until 
2050.

The social accounting matrix (SAM) presented in the 
previous section shows the empirical basis for cali-
brating the model. It determines endogenous and 
exogenous variables, as well as several parameters. 
Most of the variables presented are determined from 
the SAM while others are calculated based on the 
available data. However, some parameters cannot be 
calibrated directly via the SAM.

To overcome this difficulty, three solutions are pos-
sible. Either the elasticity values are unilaterally and 
randomly specified at reasonable levels, or elastic-
ities used in other studies that have dealt with the 
same problem are incorporated into the model. 
Additionally, these parameters may be estimated 
econometrically.

In this connection, due to the scarcity of empirical 
works that focused on the direct and indirect impact 
of climate change on agricultural production of ir-
rigated and unirrigated plants in Tunisia, the study 
estimated the overall productivity function of each 
plant through the ordinary least square method 
(OLS). This method relates the effect of temperature 
and precipitation on non-irrigated plants (cereals 
and olives) and the impact of precipitation and the 
average temperature on irrigated plants (vegetables, 
citrus fruits, potatoes, and palm trees) via water level 
in dams and the groundwater level.

2.4. Simulation 

The various simulations used in this paper were 
built based on the results of the report of the 
German society for international cooperation GIZ 
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on the adaptation of Tunisian agriculture and eco-
systems to Climate Change (2012) and Clim Var 
(2015)2. The climate projections for this study were 
based on the results of the HadCM3 model from 
2015 to 2050. The results are presented from the 
regional scenarios compared for the 1961–1990 
reference period. Several shocks are simulated to 
analyze the effects of climate change on agricul-
tural production and a range of macro-economic 
and sectoral variables.

Simulation 1 (SIM 1): The first scenario concerns 
the effects of the future climate shock on a series of 
short- and long-term macroeconomic magnitudes 
through the production of cereals, olives, and cit-
rus fruits. The next four shocks were performed 
simultaneously. The first simulated shock consists 
of an increase in the average temperature of 0.3°C 
and a significant decrease in rainfall of 4.6% from 
2020 to 2030. 

In this scenario, the water stored in the dams de-
creases of 11%, and the water table decreases of 
60% during the same period. 

Simulation 2 (SIM 2): The second scenario is to 
simulate the same variables used in the first sce-
nario from 2031 to 2050. In the first phase, the 
simulated climate shock is an increase in the av-
erage temperature of 1.75°C, and the variability 
of precipitation that decreases compared to the 
period 2020–2030 and reaches 9%. In the second 
stage, the simulation assumes a sharp decrease in 
the water table of 65% and a decrease of the dam 
water of 17% from 2031 to 2050. The results of 
these shocks are compared with those of the first 
scenario.

3. RESULTS AND DISCUSSION 

3.1. Results at the sector level

The main finding from the analysis of Table 1 is 
that shocks have contrasting effects on agricultur-
al production compared to its baseline (2016).

Firstly, the study noted that a decrease in agricul-
tural production is estimated from 2020 to 2030 

2 ClimVar project (MedPartnership) “Integration of climate variability and change in national strategies” national report October 2015.

for SIM1, contrary to the SIM2 scenario, where 
the shock is slightly increasing from 2031 to 2040, 
and then resulting in a slight decrease between 
2041–2050.

Thus, in the same way, agricultural production 
responds to a decrease in precipitation, dam wa-
ter level, and level of groundwater table from 2041 
until the terminal period, reaching 3.559%. The 
explanation for the decline in agricultural produc-
tion in the short and long term lies in the decrease 
in the production of certain plants, specifically 
cereals, olives, and citrus fruits. These plants ac-
count for a large share of agricultural production 
in Tunisia, and are directly or indirectly affected 
by climate change.

Concerning the evolution of irrigated and un-
seeded plants, it should be noted that both sim-
ulations lead to a decline in agricultural pro-
duction, which is much greater in the second 
scenario than in the first. The expected effect 
of the shock is a decrease in olive and cereal 
production compared to the baseline scenario, 
confirmed by Table 1, which shows a decrease 
in olive production reaching 1.263% and 1.921%, 
respectively, during the period 2020–2024 and 
2041–2050. Nevertheless, there was a slight in-
crease in cereal production from 2031 to 2040, 
followed by a sharp decrease reaching –6.07% 
from 2041 to 2050.

A more detailed analysis of SIM1 and SIM2 and 
their impact on the production of irrigated plants 
shows that citrus production is mostly affected in 
both scenarios. The various climatic shocks have 
the effect of a steady decline in citrus production 
from its reference level until 2030 when it reaches 

–4.144%, which can be explained by the sharp de-
crease in groundwater by 11%.

Besides, the results of the various simulations 
confirm the decline in the production of irrigated 
plants, which is caused by a decrease in the pro-
duction of vegetables reaching –0.341% and po-
tatoes of –0.460%. In addition, the production of 
palm trees, which is one of the main exports of the 
Tunisian economy, is suffering a long-term decline 
reaching –1.08%.
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Therefore, based on logical reasoning and in ac-
cordance with the intuitions, a decline in produc-
tion in the agricultural sector, which is the main 
item of intermediate consumption in the agrifood 
sector, will have a downward effect on the indus-
trial sector through the agrifood industry. To con-
firm this result, it is necessary to observe the evo-
lution of agrifood production. 

This observation clearly shows that any de-
crease in agricultural production due to future 
climate shocks will have immediate and drastic 
consequences for agrifood production. The re-
sults of the simulations show that at first agri-
food production decreases in the short term, 
and increase slightly from 2031 to 2040 due to 
a slight boost in agricultural production follow-
ing a sharp boost in other agricultural activities, 
and then shows a downward rate until the final 
period, reaching –0.848%.

In conclusion, the results of climate shock simula-
tions proves that climate change negatively affects 
agricultural production in the short and long term 
due to the decrease in the production of depend-
ent irrigated and non-irrigated plants both direct-
ly or indirectly and growth of climate variables.

This decline in agricultural production, in turn, 
leads to a decrease in the agrifood industry pro-
duction. Such a fall is likely to affect the level of in-
vestment it is subject to, the level of the population 
employed by this sector of activity, and by a chain 
effect, the level of consumption.

3.2. Overall effect on the economy

The evolution of Tunisia’s main economic indica-
tors for simulated shocks is shown in Table 2. 

As the results obtained with the two simula-
tions illustrate, both shocks lead to a much larg-
er medium- and short-term decline in invest-
ment during the first shock, with a decrease of 

–0.451% from 2025 to 2030. On the other hand, 
from 2031 to 2040, investment increased by 
0.18%, which can be explained by the decline in 
energy subsidies, due to the contraction of ag-
ricultural production, as agriculture is a major 
consumer of subsidized diesel. This results in 
a slight decrease in the investment to –0.048% 
from 2041 to 2050, which negatively effects ag-
ricultural production.

Similarly, according to Table 2, changes in the 
labor demand are affected by the decrease in 
total investment in SIM1 and SIM2 scenari-
os. There was a decrease in labor demand to 

–0.171% and –0.227% respectively in the medi-
um and long term. 

In the medium term and from 2025 to 2030, total 
investment decreases relative to the reference peri-
od and demand for work decreases. As a result, the 
unemployment rate is up to 0.145% over the refer-
ence period. Similarly, in the long term, a decrease 
in the investment to –0.048%, leads to an increase 
in the unemployment rate reaching 0.145% follow-
ing a decrease in labor demand.

Table 1. Sector results

Simulation SIM 1 SIM2

Period 2020/2024 2025/2030 2031/2040 2041/2050

Cereal –1.34 –1.59 0.958 –6.07

Vegetables –0.278 –0.319 0.485 –0.291

Fruits –0.556 –0.653 –0.145 –0.513

Potato –0.458 –0.556 –0.485 –0.342

Citrus –1.852 –4.144 –2.485 –5.122

Almond –0.278 –0.190 –0.970 –0.019

Olive –1.263 –0.095 –0.920 –1.921

Dates –1.455 –1.600 –0.161 –1.110

Rice –0.477 –0.834 –0.485 –0.417

Arboriculture –0.570 –0.736 –3.880 3.040

Other Agriculture –1.263 2.080 0.956 –0.403

Livestock –1.350 –0.714 0.474 –0.980

Agricultural sector –0.788 –0.615 0.502 –3.559

Agrifood –1.263 –0.95 0.145 –0.848
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Thus, it is clear that upstream climate change is 
affecting labor demand in the agricultural and 
agrifood sector, directly through the decline in 
the level of production in the agricultural sec-
tor and indirectly through the decline in invest-
ment in agrifood activity, which lead to a de-
crease in the demand for factors of production. 
This drop in the level of labor demand, in turn, 
leads to an increase in the level of the unem-
ployment rate.

Table 2 shows a variation in the level of household 
consumption with climate shock. Indeed, consid-
ering the income of wages and returns of capital 
from agricultural and agrifood activities, the im-
pact of changes in climate variables will be felt by 
households through a reduction in their purchas-
ing power. 

Between 2025 and 2030, a –0.373% decrease in 
household consumption is recorded in parallel 

with a decrease in investment to –0.451% in SIM1. 
SIM2 from 2041 to 2050 shows a decrease in con-
sumption reaching –0.565% in conjunction with a 

–0.048% decrease in investment. 

Besides, a change in the exchange rate of the 
Tunisian Dinar induces a set of economic effects, 
due to its impact on the international competitive-
ness of Tunisian agricultural and agri-food prod-
ucts. That is, it shows a negative impact in terms 
of exports of agricultural products (olive, dates, 
citrus), which account for a very large share of 
Tunisian exports (more than 50% of total exports), 
and a positive impact in terms of the cost of im-
ports and debt service.

Given previous results on the impact of climate 
change factors on both agricultural and agrifood 
products, on investment and employment, it is 
clear that climate change has a negative effect on 
GDP.

CONCLUSION

The paper analyzed the effect of climate change on agricultural production and macroeconomic aggre-
gates from 2020 to 2050. A dynamic multisectoral general equilibrium model is used, which takes into 
account the effects of future climate shocks, making the most reliable database. 

The main results of the simulations show that the negative impact of climate change on agricultural 
and agrifood production in Tunisia is due to the drop in precipitation, the rise in temperatures and the 
drying up of groundwater. The results found in this paper are in line with the expectations and with an 
economic theory, which is based on the fact that a drop in precipitation, water level in dams and the level 
of groundwater table cause a decrease in the production of irrigated and non-irrigated plants. Therefore, 
it negatively affects agricultural production as a whole. 

At the sectoral level, the results reveal that the production of irrigated plants is generally reduced. Citrus fruit 
show the most significant decrease due to a sharp drop of water level in dams and the level of groundwater 
table. However, a sharp drop in rainfall results in a decrease in olive production in the short and long term, 
while a decrease in cereal production took place from 2041 to 2050 following a 9% decrease in rainfall.

Table 2. Macroeconomic results

Simulation SIM1 SIM2

Period 2020/2024 2025/2030 2031/2040 2041/2050

GDP –0.485 –0.515 0.278 –0.812

Public deficit –0.514 0.735 –0.485 –0.570

Public debt –0.161 –0.417 –0.145 –0.122

Total investment 0.161 –0.451 0.180 –0.048

Job application 0.401 –0.171 0.231 –0.227

Exchange rate –0.217% –0.127% –0.103% –0.314%

Total unemployment rate –0.521 0.421 –0.139 0.145

Household consumption –0.095 –0.373 0.111 –0.565
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This impact, which arises from the deterioration of certain macroeconomic variables such as household 
consumption, entrepreneurial investment and the unemployment rate, can be observed in both short 
and long term. The results also reveal a significant negative impact of climate change on GDP, which 
is entirely admissible insofar as the macroeconomic variables taken into account constitute the main 
components of GDP.

To cope with the economic and social consequences of this climate change, a long-term targeted agricul-
tural policy is essential. These economic policies, oriented on the productive potential of the governo-
rates and the nature of the problem, must be well balanced. Otherwise, they could have harmful social 
consequences. For example, a policy that does not take into account the subsidy of palm producers in 
the South region, which can lead to collective migration towards neighboring governorates and nega-
tively affect the growth rate in these regions and increase, therefore, the unemployment rate.

Authorities can also resort to other techniques such as selecting crops with the same or higher yields, 
but with lower water requirements for their growth, or in an extreme case, favoring genetically modi-
fied crops (GMOs) to compensate for water scarcity and lack of rainfall, following the example of such 
countries as China and India.

Finally, the Tunisian Ministry of Agriculture must undertake measures to rationalize the use of water 
in the governorates most affected by this phenomenon. Besides, the use of modern water desalination 
techniques can help increase agricultural production, particularly irrigated agriculture.
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APPENDIX A

National Budget Resources

 (1    

    ,

)i i i i i

i i

SG YG GVAL TRSF isub INV PINV shrginv INV PINV

irgf GFDEBT iri GIDEBT

= − − − − ⋅ − ⋅

− ⋅ − ⋅

⋅ ⋅∑ ∑  (1A)

where SG – National savings, YG – government income, GVAL – government spending, INV – 
Investment, PINV – Investment price by sector, GFDEBT – Public External debt, GIDEBT – Domestic 
public debt, isub_i – Investment subsidy by sector, Shrginv – Share of public investment, Irgf – Interest 
rate on external debt Iri – Interest rate on domestic debt.

Investment
 

 , 

i

i

RK

PK

i iINV MU KD e

β

= ⋅ ⋅  (2A)

where MU – Adjustment variable, KD – Capital demand, RK
i
 – Principal repayment, PK

i
 – Cost of Capital.

Exports

They are given by the following formulas:

( ) ( ) 1/  

, , ,[ ( ) ,1 ]
x x x

x t x x x t x x tX A QX QD
ρρ ρα α= + −  (3A)

where X
x,t

 – The quantity of final good, QX
x,t

 – Quantity of good i exported, QD
x,t 

–
 
Quantity of goods 

supplied on the local market, α
x
 – Proportion parameter, A

x
 – Parameter of scale, Elasticity of substitu-

tion that equals (1+σ
i
)/σ

i

Profit maximization gives us the relationship between the quantity exported and the number of goods 
supplied on the domestic market. The result is:

,   , , ,  [ (1 ) ] ,/ / x

x t x x w x l x x tQX a a P P QDσ−=

where P
w,x

 and P
l,x 

represent respectively the international and local price of the good i.

Imports

They are given by the following formulas:

( ) ( ) 1/

, , ,  [ (1 ) ] ,
m m m

m t m m m t m m tQ A QM DL
ρ ρ ραα= + −  (4A)

where Q
m,t

 – Consumption of composite products, QM
m,t

 – Quantity of imported good i, DL
m,t

 – Quantity 
of good i supplied on the domestic market, α

m
 – Proportion parameter, A

m
 – Constant of the substitution 

function, ρm – Elasticity of substitution that equals (1+σ
i
)/σ

i
, Profit maximization shows the relationship 

between the imported quantity and the quantity of goods, supplied on the domestic market. The result 
is:

,  , , ,/[ ( ) ]1 / ,m

m t m m m x l t m tDL a a P P Q Mσ= − ⋅
 

(5A)

where P
m,x

 and P
l,x 

represent respectively the domestic price and the price of imported good i.
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