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Abstract: Climate change is expected to have serious economic and social impacts on Tunisian rural
farmers. The extent of these impacts will largely depend on the level of political and structural
adaptations. This study aims to evaluate the effect of increasing water shortages on agricultural
income and employment. It also analyzes structural adaptation strategies implemented by farmers
in response to this challenge. We have therefore developed a regionally disaggregated supply
model to simulate three types of scenarios concerning (i) decreasing quantities of irrigation water
at the regional level; (ii) enhanced irrigation water use efficiency; and (iii) higher production prices.
Observed crop production data for 21 crops and 24 districts of Tunisia have been used. Districts
have been aggregated into five regions based on bioclimatic homogeneity. Results show that climate
change will lead to the reduction of irrigated areas and an increased importance of rainfed agriculture.
It will also have a negative impact on farm income and employment. This negative effect can be fully
mitigated by improving water use efficiency, at farm and perimeter levels, and can be reversed by
offering more attractive producer prices to farmers through enhanced value chain integration.

Keywords: agricultural supply model; adaptations; land use; water shortage; Tunisia

1. Introduction

The agricultural sector in Tunisia is economically and socially important. It has
important implications on water and land resources, as most of the water resources (about
80%) and fertile lands are used for food production. The sector also has a significant
contribution to developing exports and reducing the country’s trade deficits [1–3], as
well as supporting employment generation and reduction of the rural exodus in the
marginalized regions of Tunisia. The Tunisian population is around 11.6 million, while the
total GDP in 2019 was around USD 51,515.3 million (at constant 2010 prices), leading to a
GDP per capita of about USD 3447 (at current prices of 2019). Agricultural land occupies
about 65% of the total area of Tunisia and contains 516,000 farms. The total agricultural
land has increased from 86,480 km2 in 1961 to 100,730 km2 in 2016, including 4.9 million
hectares of arable land and 4 million hectares actually cultivated in 2016. Agriculture
employs more than 15% of the country’s labor force. It contributes 9% to the GDP and
represents 7.5% of economic investments. It represents 9% of exports and 8% of imports [4].

The main cultivated crops in Tunisia are cereals, olives, dates, and fresh fruits equally
important for export and domestic consumption. Livestock production, especially small
ruminants (sheep and goats) and dairy cattle, is also important and contributes about 48%
to the total agricultural GDP. Vegetables such as tomatoes and potatoes occupy a smaller
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portion of land and generally produce to supply local markets. The livestock production
index is characterized by a stable increase, unlike the crop production and food indexes,
which are, rather, fluctuating due to climate variability.

These global sectoral characteristics and figures will be affected by the future expected
climate change and water stress. It is thus important to assess the impact of water scarcity
on the macroeconomic contribution of the agricultural sector to total GDP, employment
and poverty. It is further relevant to consider developing future scenarios of structural
changes which can help in maintaining (and perhaps optimizing) the economic and social
contribution of the agricultural sector through enhanced land use and resources allocation.
This means providing guidelines for irrigated and rainfed land allocation which can
enhance the overall water productivity and valuation in the agricultural sector of Tunisia.
From an economic development perspective, climate change adaptation and mitigation
measures need to be integrated into global, national, and local development policies,
approaches and strategies. They need to be considered when planning for future strategic
structural changes as part of countries’ adaptation and mitigation plans. Thus, appropriate
policies (incentives and others) need to be considered to encourage a shift towards more
sustainable production systems and economic development. However, studies which
assess and provide pathways and future agricultural development scenarios based on
accurate projections of constraints and opportunities remains very scarce in the literature
focusing on the specific case of Tunisia.

The objective of this paper is to provide pathways for future adaption to climate change
by optimizing land allocation in Tunisia. To do so, we used the positive mathematical
program (PMP) method to construct and calibrate an agricultural supply model (ASM)
which represents both rainfed and irrigated sectors in Tunisia with the aim of optimizing
land allocation across 21 (fruits, cereals, and vegetables) crops and 24 districts of the country.
The optimization will be conducted under different scenarios of water scarcity (−25% of
water availability), higher irrigation water use efficiency, and changes in crop prices. The
ASM will then provide optimal land allocation in each of the regions based on maximizing
the marginal water value for the set of crops cultivated in the given considered districts. The
rest of the paper provides an overview of the potential impacts of climate change and water
scarcity on macroeconomic aggregates. This will be followed by a methodology section
where the “agricultural supply model of Tunisia” (ASMOT) model will be presented, and
finally, this paper will end with results and discussions.

2. Literature Framework: Impact of Climate Change on Agriculture

Several studies have assessed the potential impact of climate change at regional,
community, and household levels and highlight changes on livelihoods and respective
adaptation options in developing countries [5–7]. It appears that the most frequent farmers’
responses were related to crop diversification and integration of livestock, changing crop
and seedling schedules, and replacement of traditional varieties with late varieties having
shorter growing (or different) cycles [8–14]. Studies conducted in Ghana by [15,16] reveal
that farmers who are well aware of climate change are more likely to reduce rice cultivation
in favor of less water- and labor-intensive crops, such as peanuts. Other authors, such
as [17,18], who used modelling to study the impact of reduced water availability and
climate change have shown a change in crop production. More specifically, irrigated areas
will be transformed to dryland crop production. It also appears that farmers do not change
crops in an arbitrary way. They rather choose crops that generate higher profits in order to
improve their living conditions and make agricultural systems less vulnerable to climate
variability [19,20]. Similarly, [16] reports that farmers in Ghana are switching to cash crops
to adapt to climate change. These changes are sometimes accompanied by technological
change. Further studies show that climate change leads to technical innovations, such as
the use of solar energy [21,22] and the expansion of the use of water-efficient irrigation
systems [23,24].
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Another important impact of climate change is related to the socio-economic con-
ditions of farmers. Climate change will have an economic and social impact on a major
proportion of the population where agriculture is the main source of livelihood [25]. The
impacts of climate change have increased population poverty levels, reduced employment
and income opportunities, reduced individual livelihood diversification and increased
emigration [26,27]. On the other hand, due to lower production and employment, [28]
show a negative effect on agricultural GDP in the Legal Amazon. A study conducted
by [29] on small-scale coffee farms in Mexico reveals that rainfall variability impacted
farmers’ incomes and made agricultural activities no longer viable. It is further known
that climate change will affect the annual availability and domestic supply of agri-food
products. These changes in the supply of certain commodities, due to the lack of rainfall
and other sources of water supply, may further effect input and output market prices [30,31]
and increase social inequalities [32], thus threatening the viability of smallholder farm-
ers. As a result, [29,33] report that members of smallholder households would immigrate
temporarily or permanently to work in non-agricultural activities.

Wide heterogeneity exists across households in terms of impact and adaptation to
climate change and water shortage. In arid areas, these impacts and adaptations are in-
fluenced by several factors attributed to spatial variability (i.e., physical environment),
type of production and other household and farm characteristics [34,35]. In their stud-
ies. [36] highlight the importance of awareness and knowledge about local contexts and
specific climate change aspects as main determinants of farmers’ adaptation to climate
change. Other authors [37,38] found that education and the level of human capital may
contribute to improving farmers’ perception of risks and influencing farmers’ practices and
adaptations. Other studies show that the level of education of the head of the household
is positively correlated with the adoption of new technologies, which help to adapt to
climate change [39,40].

3. Materials and Methods: The ASMOT Model and Scenarios of Water Scarcity
and Efficiency

The ASMOT model is an agricultural supply model (ASM) calibrated through positive
mathematical programming (PMP) [41]. It is the first model of its kind to be developed for
Tunisia. Two types of data were used to calibrate the model. Primary data on the quantities
of inputs used (water, labour, and land) and the outputs obtained at the regional level were
completed by official statistics on land use and the availability of land and water.

ASMOT considers the 21 main crops in Tunisia classified into 4 groups: cereals, olives
and almond, fruits trees, and vegetables (Table 1). ASMOT includes 67% of the total
agricultural area (3.34 Million ha) and 78% of the total irrigated areas (352 thousand ha
illustrated in the model) of Tunisia. These agricultural and irrigated areas are distributed
across 23 districts of Tunisia (Table 1), which have been then grouped (in the model)
into 5 bioclimatic regions (Northwest, Northeast, Central West, Central East and South)
(Figure 1 and Table 1).

Table 1. Different crops and regions considered by the ASMOT model.

Crops Regions and Districts

� Cereal crops: Durum wheat, soft
wheat, barley

� Olive and almond
(considered separately)

� Irrigated fruit trees: palm date, citrus,
grape, peach, apple, pear, grenade

� Vegetable crops: tomato, potato,
pepper, onion, garlic, artichoke,
melon, watermelon, strawberry

� Bizerte, Beja, Seliana, Le Kef, Jendouba
(aggregated into North West (NW))

� Nabeul, Ariana, Manouba, Ben Arous,
Zaghouan (aggregated into North Est (NE))

� Sidi Bouzid, Kasserine, Kairouan, Gafsa
(Aggregated into Center West (CW))

� Sfax, Mahdia, Monastir, Sousse (aggregated
into Center Est (CE))

� Tozeur, Kebili, Tataouine, Médenine, Gabes
(aggregated into South (SO))
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Figure 1. Conceptual illustration of the ASMOT model.

ASMOT optimizes regional agricultural GDP by re-allocating land use at the regional
level, and then aggregates into a national agricultural GDP. The optimization process is
conducted under a set of biophysical (regional water availability) and economic (marginal
return of commodities in the different regions) constraints (see next section).

3.1. Structure of the ASMOT Model

The aggregated agricultural supply Equation (1) of the model calculates the aggregated
gross value of the agricultural supply in Tunisia as the sum of regional agricultural gross
production values. Equation (1) can be read as follows:

ASc,s = ∑
r

RASr,c,s = ∑
r
{[Pc ∗ (Yr,c,s − ∆Yr,c,s)]− [ACr,c,s + WPr]} ∗Xr,c,s (1)

where ASc,s is the total agricultural supply of different crops (c) in given (rainfed or
irrigated) systems (s). RASr,c,s indicates the aggregated value of the regional (r) agricultural
production by region for all crops and systems existing in a given region. Pc is the
farm-gate price of crop c, Yr,c,s is the crop yield, and ∆Y is the calculated variation of
yields under hydric stress (higher temperatures and evaporations). ∆Y is calculated based
on Equation (2) to account for the potential impact of higher evapotranspiration values
and their respective effect on yields. AC is the average cost of crop production (not
including water costs). WP is the irrigation water price in the different considered regions.
Finally, Xc,r,s is the main variable of the model objective function (agricultural supply
equation) and is defined as being the crop area under rain-fed and irrigated systems in
the different considered regions. The observed values of Xc,r,s for 2011 have been used
for PMP calibration of the model (1). Once the model is calibrated, the ‘Xc,r,s’ variable
(referring to land use) can be optimized under different contexts/scenarios. The resulting
values of ‘Xc,r,s’ under a given scenario (e.g., lower water availability) provides optimal
land allocation by region across different crops and systems which can maximize the
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agricultural GDP in Tunisia under the model constraints. Yield variation ∆Y is calculated
as follows:

∆Yr,c,s = Y ∗ ky ∗
(

1− Eta
ETM

)
(2)

where ky is the coefficient of yield variation, and Eta and ETM are, respectively, the real
and maximal evapotranspiration.

∑
c,s

Xr,c,s ≤ Ar (3)

∑
c,(s=irr)

Xr,c,s ≤ IAr (4)

∑
(c=trees),s

Xr,c,s ≤ TAr + (1 + γc=trees) (5)

∑
c,s

wr,c,s ∗ Xr,c,s ≤ WAr (6)

Xr,c,s ≤ Xo
r,c,s ∗ (1 + ε) (7)

Constraint 3 ensures that the total cultivated area in each region is equal or lower to
the currently observed cultivated area. Constraint (4) indicates that the sum of irrigated
crop areas in each region should not exceed the total irrigable areas (IA) available in that
region. Constraint (5) bounds the annual tree area expansion in each region to its historical
annual growth rate of the last 20 years. Constraint (6) indicates that the sum of all crops’
water requirements in each region does not exceed water availability (WA) in that region.
Constraint (7) is a PMP calibration constraint. The objective of this constraint is to estimate
the calibration coefficients (α and β) of the ASMOT cost function. The average cost (AC)
function is a nonlinear equation (Equation (8)) estimated using both coefficients α and β,
which were, in turn, calculated by solving Equation (1) under the set of all considered
constraints (3–7), including the calibration constraint [41,42]. Coefficients α and β were
estimated using the dual values of constraints (7) and following the approach of [42,43],
where additional exogenous information about land rents was used for α and β estimation.
The PMP approaches used in this work has been widely validated and approved for
modelling and calibrations [44–49].

ACr,c,s = αr,c,s +
1
2

βr,c,s Xr,c,s (8)

Once α and β are known, Equation (8) will be replaced in Equation (1), thus resulting
in the following nonlinear calibrated objective function (9).

ASc,s = ∑
r

RASr,c,s = ∑
r

{
[Pc ∗ (Yr,c,s − ∆Yr,c,s)]− [

(
αr,c,s +

1
2

βr,c,s

)
+ WPr]

}
∗Xr,c,s (9)

The final step of our model building refers to the validation of the calibration process.
To do so, we optimize Equation (1) under all constraints, except the initial calibration,
Equation (7). If the results are the same as the initial land allocation observed during
the base year, then we assume that our model is well validated and can be used for
scenario simulations. Results of AMOST validation and calibration will be presented in the
Results section.

3.2. Source of Data

Several methods and data of different sources have been used to build the ASMOT
model. First, surveys of farmers during the 2012/2013 season in all provinces of Tunisia
(conducted by the “Virtual Water and Food Security in Tunisia” (EVSAT) research project,
funded by the IDRC) allowed us to collect input and output data of the 21 considered crops
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for each province. In addition, focus groups with regional experts in crop production were
conducted to verify the coherence of data collected from farmers. Other coefficients of the
model, such as the annual tree area growth rates, were calculated based on historical FAO
data (FAOstat). In addition, secondary data on water availability and land tenure by crop
and by type of production system (irrigated or rainfed) were obtained from official national
data listed on the ONAGRI (Observatoire National de l’Agriculture) open data platform.
Finally, field experimental studies conducted by the EVSAT research team during the years
2012 and 2013 helped to measure water requirements and evapotranspiration coefficients
of different crops in different systems and regions.

3.3. Water and Price Scenarios

In this study, we simulated different scenarios (Table 2) centered on decreased water
availability. Indeed, like [50], we consider that Tunisia will face water scarcity in the coming
years. These same authors estimate an average annual decrease of 28% in rainfall in the
northern regions of Africa by the end of the next decade. In addition to this, demand
from other sectors (urban and economic sectors) will certainly increase. As a result, the
amount of water allocated to the agricultural sector will be reduced. Accordingly, our
first scenario refers to a reduction of water availability by 25%. Our second scenario
will consider an enhancement of irrigation water use efficiency (IWUE) at the plot level.
Research carried out by [51] has shown that the EUE is close to 55% at the national level and
that this level of efficiency could be improved by giving more importance to water-saving
technologies (which occupy only 69% of the total irrigated area in Tunisia), among others.
The third scenario simulates increased producers’ prices in parallel with the decrease
in water availability and the improvement of IWUE. Enhanced producer prices may be
possible by improving agricultural value chains [52], which can be considered as indirect
market incentives allowing farmers to increase their technical investments and adaptation
capacities [53,54]. Better producer prices for some commodities may also have an effect on
farmers’ decisions to shift to more profitable crops which may (or not) result in better water
valuation. Table 2 summarizes the three scenarios simulated by the ASMOT model. Results
of these scenarios will be compared to a status quo scenario referring to the baseline trend
with no changes in terms of water availability, WUE, and market prices.

Table 2. Scenarios simulated in ASMOT.

Description Comments

Scenario 1
Linear reduction of freshwater
availability by 25% in all
considered regions

This reduction is supposed to be linear
across all (districts) regions of the country

Scenario 2
Linear reduction of freshwater
availability by 25% and increase of
irrigation water use efficiency by 10%

Improvement of IWUE in ASMOT is
simulated by decreasing water volumes
required by crops/systems by 10%

Scenario 3

Linear reduction of freshwater
availability by 25%, increase of
irrigation water use efficiency by 10%
and higher producer prices offered to
farmers. The suggested increase of
producer prices are as following: +
10% for fruits and vegetable prices
and + 5% for cereal prices

Cereal prices are mostly fixed by the
government and change slightly across
years. However, fruits and vegetables are
commercialized in a free market, and
prices received by farmers are very low
compared to consumer prices. Better
integration of farmers in value chains
may reduce this gap

4. Results
4.1. Model Calibration

In this study, we used the PMP method introduced by [41] for our farm model
calibration. Model calibration consists of replicating the situation observed during a
reference year (Table 3). In our case, data from 2011 was used during the calibration. After
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calculating the calibration coefficients of the objective function (Equation (8)), the ASMOT
model has been relaunched to see if the results of the status quo simulation correspond to
the observed crop allocation (see Figure 2).

Table 3. Crop distribution by production system and by bioclimatic zone for the reference year
(official 2011 data).

Cereals Olives and Almond Fruit Trees Vegetables

Irrigated (ha)

NW 330,186 2721 19,105 25,178

NE 104,904 8405 44,168 24,779

CW 102,366 41,929 11,420 31,218

CE 60,941 9071 10,926 11,724

SO 50,599 4019 44,999 5549

Sum 648,997 66,145 130,618 98,449

Rainfal (ha)

NW 712,379 150,816 - -

NE 161,252 98,947 - -

CW 130,950 594,948 - -

CE 95,521 748,228 - -

SO 54,671 277,033 - -

Sum 1,154,772 1,869,972 - -

Total (ha)

NW 1,042,565 153,537 19,105 25,178

NE 266,156 107,352 44,168 24,779

CW 233,316 636,878 11,420 31,218

CE 156,462 757,298 10,926 11,724

SO 105,270 281,052 44,999 5549

Sum 1,803,769 1,936,117 130,618 98,449
Source: [55].
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Figure 2. Percentage deviation of simulated vs observed crops areas in different regions included in
the ASMOT model.

Figure 2 shows that deviations of simulated land use variables (Xr,c,s) compared to
the observed values of 2011 are almost all in range [−1%, 1%], meaning that the model
is well calibrated [47] and can be a credible tool for scenario simulations. The next step
is the modification of the appropriate parameters (such as the amount of water and the
price of different products) to simulate changes in farmers’ practices to cope with the
external shocks.
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4.2. Scenarios’ Impact on Land Use

First, we analysed change in cropping patterns at the farm level as farmers adapt to
changing water availability and crop prices (Figure 3). The results show that the impact on
crop allocation varies between crops as well as the way the crop is conducted (i.e., rain-fed
or irrigated). Simulation results show that, as a result of climate change, overall area
allocated to irrigated crops decreases by 10.73%, 3.75% and 3.71%, respectively, under SC1,
SC2 and SC3. This result suggests that improving water use efficiency (SC2) and changing
crop prices (SC3) can reduce the impact of climate change on declining irrigated areas.
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Simulation results (Figure 4) show that arboriculture areas have been the most im-
pacted due to water availability decrease with an average decrease of around 6.23% and
2.24% under SC1 and SC2, respectively. It is followed by vegetables with a decline of 2.38%
and 1.48%, and finally by cereal with 0.86% and 0.33% under SC1 and SC2, respectively.
However, in terms of area, cereals represent the largest loss of irrigated area with 10,075
and 3900 ha under both scenarios. In addition, the increase in crop prices (SC3) is used
to invert this situation. Indeed, the results of SC3 show that the area of arboriculture as
well as that of vegetables can be increased by 1.22% (1599 ha) and 1.05% (1033 ha) for both
crops, respectively.
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From the results, the decline in irrigated areas is accompanied by an increase in
rain-fed areas. These increase by 1.26%, 0.44% and 0.42% or 37,508, 13,093 and 12,611 ha
on average for all bioclimatic areas under SC1, SC2 and SC3 (Figure 3), respectively. In
particular, olive and almond show the greatest increase in the cultivated area. Their area
increases by 1.06, 0.43 and 0.75%, i.e., a difference of 20,551, 8292 and 14,445 ha compared
to the baseline under SC1, SC2 and SC3, respectively.

Results also show regional differences (i.e., a different impact depending on the
bioclimatic region where the study area is located). Thus, according to Figure 3, the
decrease in the area allocated to irrigated crops is more pronounced in the CW and NE
compared to other regions, with a change of 18.44, 7 and 7.22% for the CW region and
14.59, 5.86 and 5.72% for the NE region compared to the SQ, respectively, for SC1, SC2
and SC3. On the other hand, if we limit ourselves to Figure 3, we could conclude that the
different scenarios have little or no impact on farmers in the NW and the EC. However,
Figure 4 shows that farmers in these areas are adapting in a different way. These replace
irrigated crops. Indeed, from Figure 4, there has been an increase in fruit and vegetable
areas in parallel to a reduction of cereals and irrigated olives area.

It is also noted that cereal acreage is increasing in the NE region, as cereal are mainly
rain-fed in this region (Figure 4 and Table 3). On the other hand, it is observed that the
cereal area decreases in the CW region. This is because cereals in this region are known to
be irrigated. From Figure 4, cereal area will be reduced by 8.25% (5673 ha) compared to the
reference situation under SC1. This reduction will be accompanied by an increase in olive
and almond trees area of 13,819 ha, or 2.17%, under the same scenario.

4.3. Impact on Farm Income

The ASMOT model also simulates the impact of the different scenarios on the added
value obtained by crop type and by bioclimatic zone. A key result is that impacts of
declining water availability (SC1 and SC2) on the added value are negative at the national
level (Table 4). These losses are the result of the reduction in irrigated crops characterized
by high added value. The results of SC1 show an average decline in value added of 0.5%,
or a loss of TND 15 million at the national level. However, the improvement in water use
efficiency (SC2) and the change in agricultural production prices (SC3) will have a positive
impact on agricultural value added. Indeed, results show that the farm income is improved
by 0.2% (a different of TND 5 million) and by 13.2% (TND 397 million) compared to the SQ
and for SC2 and SC3, respectively.

Since farmers’ adaptation in terms of crop allocation differs from region to region, the
impact on value added will also be different. Based on Table 4, the most sensitive regions
are the CW and CE. Their value-added decreases by 1.9% and 0.9% (a loss of TND 11 and
3 million compared to the SQ), respectively, for the two regions and under SC1.

4.4. Impact on Employment

As expected, farmers’ land use adaptation under all scenarios induces changes in
labour by region and by crop. Figure 5 shows that the decline in water availability (SC1)
will have a low impact on employment at the national level. This reduction in labour
demand is 0.7% on average under SC1. As for the case of added value, enhanced water
use efficiency (SC2) leads to a labour demand close to the SQ. Based on the results of
SC2, labour demand decreased by 0.2% on average compared to the SQ. However, if we
consider higher crop prices (SC3), the results show a positive impact even in harder climatic
conditions. The latter scenario results in an increase in labour demand by around 1.1%
compared to the initial situation (Figure 5). This is because under SC3, the olive tree, which
has low labour requirements, is replaced by cereals and fruit trees (Figure 4), which require
more labour.
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Table 4. Impact of different scenarios on crops’ gross margin (relative change compared to SQ
scenario or % difference to SQ scenario).

SQ SC1 SC2 SC3

Regions Gross Margin % Diff. % Diff. % Diff.

Rain-fed

NOU 115 0.9 0 9.6

NES 309 0 0 10.7

COU 383 3.9 3.1 15.9

CES 178 2.2 0.6 10.1

SUD 772 0 0 7.4

National 1757 1.1 6.4 15.9

Irrigated

NOU 201 −2.0 0 18.9

NES 102 −1.0 0 19.6

COU 300 −4.3 −1.3 15.7

CES 388 −3.9 −1.0 17.0

SUD 260 −0.8 0 17.7

National 1251 −2.8 −0.6 17.3

Total

NOU 316 −0.9 0 15.5

NES 411 −0.2 0 12.9

COU 683 −0.3 1.2 15.8

CES 566 −1.9 −0.53 14.8

SUD 1032 −0.2 0 10.0

National 3008 −0.5 0.2 13.2
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From Figure 6, we see that climate change will have a negative impact on labour de-
mand for irrigated crops. The latter decrease by 5.9 and 1.8% compared to SQ, respectively,
under SC1 and SC2. Moreover, the impact of SC3 is positive on labour demand for irrigated
crops (up 0.7% compared to the SQ). This is due to the fact that under SC3, farmers increase
the area of arboriculture and vegetables which are more labour-intensive.
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Unlike irrigated crops, simulated results show an increase in total labour needs for
rainfed crops under all scenarios (Figure 6). This increases by 1.6, 0.5 and 1.2%, respectively,
under SC1, SC2 and SC3. As with the impact of climate change on crop allocation, the
most affected regions are NE and CW. These experience a decline in labour demand for
irrigated crops of 11 and 8.7%, respectively, for NE and CW and under SC1. Measures such
as improved water use efficiency (SC2) and change in crop prices (SC3) can mitigate the
impact of these climate changes on employment. In this situation, labour demand in these
regions decreases by −4.14 and −1.13% for the NE region and −3.19 and −0.28% for the
CW region for SC2 and SC3, respectively. However, labour demand for dry crops increases
in these same regions. These increase by 5.34, 1.68 and 4.26% for the NE region and by 3.12,
1.18 and 1.45% for the CW region for SC1, SC2 and SC3, respectively (Figure 6).

5. Discussion

In order to study the impact of climate change on the agricultural sector in differ-
ent regions in Tunisia, we have developed a disaggregated model in which we analyse
changes in land use and crops, as well as socio-economic impacts, particularly on farm
income and employment in agriculture. The results were generated with or without addi-
tional measures (different scenarios) such as enhanced water use efficiency and increased
crop prices.

The results show that the impact of water shortage (SC1) leads to a reduction in
irrigated area (10.73% under SC1, or 2606 ha). As an adaptation, there is an increase
in rain-fed areas (1.26% under SC1, or 37,507 ha). This result is consistent with those
of [56,57], which report a shift in cultivation patterns and the cultivation of larger farms as
adaptation strategies for climate change. However, despite this substitution of irrigated
crops by rain-fed ones, this study shows a decline in agricultural income (0.5%, or the
equivalent of TND 15 million) and of employment (0.7%, or the equivalent of 552 employed
individuals) at the national level. This is due to the fact that rainfed crops are less labour
intensive and provide a lower income. However, improving water use efficiency by 10%
(SC2) improves farm income (up to 0.2% or TND 5 million compared to the status quo)
and reduces the negative impact on employment (−0.2%, or a decrease of 157 employed
individuals). This result shows the importance of improving water use efficiency as it
counteracts the negative effect of water scarcity. This can be achieved through the adoption
of water conservation techniques and better management [58,59]. More importance has
been given to the rainfed agriculture in Tunisia in the previous decennia. Some ongoing
strategies for soil and water conservation by 2050 are considering rainfed agriculture as a
strategic cluster. Strategic orientations and investments for increasing the use of advanced
ICT tools for piloting irrigation in addition to the modernisation of irrigation networks
are also recorded. These can help in adapting to the water scarcity resulting from CC,
but further coordination and complementarity across these strategic policies needs to be
further explored for wider impact.
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The present study also showed that the negative effect of climate change on farm
income can be mitigated by higher producer prices (SC3). Total farm income can be in-
creased by about 13% (or TND 397 million nationally) if the price of agricultural products
becomes more attractive to farmers. This may be possible through enhanced management,
control of agri-food value chains, and regulations. Guaranteeing a high price for certain
products, as is done in Europe through the common agricultural policy (CAP), represents
an opportunity to indirectly stimulate environmentally sustainable production [60]. The
latter scenario (SC3) will also have a positive impact on employment (up 1.1% nationally).
As a result, higher producer prices can invert the effects of climate change on agricultural
employment. Indeed, the results show that the increase in producer prices allows the pro-
duction of labour-intensive irrigated fruit trees and vegetables to be increased. Therefore,
in addition to promoting specific agricultural production [53], this strategy (SC3) can be
used to increase the need for agricultural labour. Despite the relevance of this scenario,
Tunisia, as is true of many other developing countries, is still struggling with enhancing
the effectiveness and sustainability of its value chains. The diversity of actors and interme-
diaries involved in agricultural storage and trade, in addition to the low regulatory and
enforcement mechanisms for value chain monitoring, remain problematic.

6. Conclusions

In this study, we defined a range of future combined scenarios of water scarcity,
enhanced water use efficiencies and producer prices, and explored their impact on the
agricultural sector in Tunisia. The study showed that a shift to rain-fed agriculture may be
an appropriate adaptation strategy to minimize the impact of climate change. Indeed, the
present study showed that substituting irrigated crops with rain-fed crops minimizes losses
in farm income and absorbs unemployment from the irrigated sector. Other strategies
can be implemented to minimize the impact of climate change on Tunisia’s agricultural
sector. Indeed, this study showed that improving water use efficiency reduces the impact
on farm income and employment. Moreover, the best scenario to improve farm income and
agricultural employment demand is the third scenario, where producer prices are increased.
This study also illustrates that the impact of climate change differs from region to another.
Our study showed that heterogeneity between regions in terms of agricultural land use
(practiced crops), water needs of different crops, and respective prices will determine
the extent and scope of climate change impact as well as the type of adaptation adopted
by farmers.
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