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ABSTRACT 7 

In this study, we examined the effect of climate change on the incomes of farmers in a southern 8 

Mediterranean country. We proposed that crop insurance could be potentially used as a means to 9 

adapt to climate change. Using panel data for Tunisian regions, we were able to highlight the 10 

important effects of climate change on crops yields by considering two scenarios of the 11 

Representative Concentration Pathways, namely RCP 4.5 and RCP 8.5. In the long term (i.e., in 12 

2050 and 2100), we expect increasingly frequent heat waves to occur, leading to a rise in droughts 13 

for all regions of Tunisia. We therefore recommend that farmers seek to insure themselves against 14 

the risks of drought and flood to their crops, because we feel this may be an attractive device for 15 

compensating them for any potential losses of income. 16 
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1. Introduction 35 

Climate change now appears to be a proven phenomenon, and it has been found to be 36 

linked, at least in part, to emissions from human activity contributing to the greenhouse effect. 37 

Increasingly frequent heat waves, droughts, and forest fires are all indications of the serious 38 

consequences of climate change in 2021. The issue of climate change therefore demands new 39 

approaches to access resources and share risks, as well as the integration of the environmental 40 

issue into public policy choices. Climate change is a global phenomenon, but the effects of it 41 

are being seen at the regional level. Climate change prompts us to question how we manage 42 

the natural resources of our planet, and it puts our production methods to the test, especially 43 

for the agricultural sector. 44 

Tunisia is an integral part of the Mediterranean Basin, a region that faces particularly high 45 

climatic risks. To better understand the effects of climate change on agriculture—as well as 46 

the challenges of adapting to, and mitigating, these effects—it is important to position Tunisia 47 

within the context of the Mediterranean Basin, where climate change is inevitably perceived 48 

as a threat to both nature and human life. Climate change affects crop yields through a 49 

complex interplay between crop-specific physiological effects and the availability of water 50 

resources in the short, medium, and long term. It is highly likely that spring and summer in 51 

Tunisia will become hotter and drier in the future. In addition, a decrease in the volume of 52 

surface water and groundwater is expected to follow increasingly frequent extended periods 53 

of drought (Lorenzo-Lacruz et al., 2013, 2017; Raymond et al., 2016). The major problem for 54 

farmers will be the frequency and duration of droughts, as posited by Nieto et al. (2010). 55 

These risks constitute a problem for the development of agricultural assets, which are needed 56 

to increase the incomes of farmers and reduce rural poverty (Dilley et al., 2005). 57 

Over time, farmers have mastered cultivation techniques that are well suited to the local 58 

climatic conditions, yet climate change implies that these will need to be adapted, which in 59 

turn requires the rapid development of innovative economic and social practices. The use of 60 

insurance may be one such practice. Mitigation and adaptation measures in agriculture could 61 

rely on effective levers like specific insurance contracts to limit the economic impact of 62 

climate change. Insurance companies are now on the “frontlines” of climate change, which is 63 

turning out to be more of a threat than an opportunity. They can therefore help manage 64 

climate risk through products and services for agricultural activity to help limit the financial 65 

cost of harmful climatic events (Kath et al., 2018). 66 
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The research tends to suggest that climate change will affect the future incomes of farmers 67 

in the form of unreliable crop yields. One way to adapt to this situation could comprise taking 68 

out an insurance policy that has been developed for the agricultural sector and the regional 69 

heterogeneity of climatic risks. Moreover, this work highlights the important implications of 70 

future episodes of drought for Tunisia by 2050–2100. The regional climate models (RCMs) of 71 

the EURO-CORDEX project constitute the basis for our analysis, which is based on the 72 

average emissions scenario RCP 4.5 and the pessimistic emissions scenario RCP 8.5. 73 

    Mediterranean agriculture is highly vulnerable to climatic phenomena such as drought, 74 

excessive or insufficient rainfall, heat waves, and so on, and such climatic phenomena 75 

threaten the financial stability of agricultural stakeholders. Studies carried out in the major 76 

Mediterranean economies have tended to reinforce the importance of developing crop-77 

insurance products as a way to protect incomes against climatic risks (Di Falco et al., 2014). 78 

A drought in the Mediterranean rainy season affects water resources by reducing the 79 

groundwater level and the water stored in reservoirs (Lorenzo-Lacruz et al., 2013, 2017; 80 

Raymond et al., 2016). In countries that are highly dependent on sufficient rainfall, such as 81 

North African countries, this lack of water has negative effects on economic activity, 82 

biodiversity, and crop yields (Turkes et al., 2020; Schilling et al., 2020). There is a general 83 

consensus these days about the alarming potential scenarios for droughts in the region, both 84 

climatic (Dubrovnik et al., 2014; Hertig & Tramblay, 2017; Turkes et al., 2020) and 85 

hydrological (Forzieri et al., 2014). It is therefore essential to identify the implications of such 86 

possible situations for farmers’ incomes in order to develop strategies to adapt, such as by 87 

using agricultural insurance. In addition, when adapting public policies, a more rigorous 88 

assessment of the economic effects of future droughts will need to incorporate dynamic 89 

modeling based on different climate scenarios (Escriva-Bou et al., 2017; Pulido-Velazquez et 90 

al., 2011; Van Loon et al., 2016). 91 

The remainder of this paper is organized as follows: First, we present a literature review in 92 

the second section, and then the third section describes the data and methodology used in this 93 

study. The empirical results are then discussed in section four, before concluding remarks are 94 

given in the final section. 95 

2. Related literature: 96 

Over recent decades, meteorologists and environmental organizations have sought to raise 97 

public awareness of climate change. The phenomenon was first discussed in 1824, when the 98 
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French mathematician and physicist Joseph Fourier discovered the greenhouse phenomenon 99 

and its effect on the atmosphere. Among other things, Fourier identified different modes of 100 

energy transfer between the Earth and its environment. He deduces that any change in the 101 

Earth’s surface conditions could lead to a change in climate. The surface temperature changes 102 

according to the heat received and emitted, such that if the former is higher than the latter, the 103 

surface temperature increases, and vice versa. 104 

With the considerable progress made in climatology over recent decades, there is now no 105 

doubt that the climate is changing. The creation of the Intergovernmental Panel on Climate 106 

Change (IPCC) helped highlight the importance of climate change and its socioeconomic 107 

effects. Faced with this reality, human activities are often identified as being responsible for 108 

these global atmospheric changes. Following the establishment of the IPCC over three 109 

decades ago, research into climate change grew exponentially. The Paris Climate Agreement 110 

set out several stages of implementation for the rapid reduction of greenhouse gas emissions 111 

in order to keep global warming below 2°C by the end of the century. This agreement 112 

therefore aims to restrict the adverse effects of climate change, such as for the agricultural 113 

sector. 114 

In recent times, we have seen increasingly frequent extreme weather events, and these have 115 

adversely affected agricultural yields and consequently the incomes of farmers (Ciscar et al., 116 

2018; Bouwer, 2019). Heavy rains and droughts have resulted in production losses due to the 117 

vulnerability of crops. To compensate for this shortfall, some farmers have chosen to take out 118 

insurance policies to mitigate the risk by ensuring they will have a minimum income during 119 

periods of difficulty (Strunz, 2011; Pascual et al., 2015). 120 

Having insurance companies help manage the risk of extreme climate-related events will 121 

require encouraging insurers to offer adequate cover against these risks and farmers to take 122 

them up. The insurance market is relatively new in Tunisia, which is a small country on the 123 

southern Mediterranean coast that is characterized by cold, rainy winters and hot, dry 124 

summers. Insurance companies that specialize in agriculture mainly insure against crop losses 125 

caused by natural disasters like drought, hailstorms, insects, frost, and so on. The setting of 126 

premiums based on risk management should be at the core of insurers’ concerns given the 127 

increasingly frequent and severe natural disasters that have been seen in recent years. For the 128 

insurance industry, income from premiums often lags behind the growth in claims. What is 129 

more, with unpredictable but economically harmful events, merely considering historical data 130 

does not, in itself, lead to suitable insurance premiums (Tucker, 1997). 131 
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   In the agro-economic literature, climate change has been shown to have a significant 132 

potential effect on agricultural production, and the relationship between the two phenomena 133 

has been the subject of several studies (Wheeler & Von Braun, 2013; Ruminta, 2016; 134 

Suryanto et al., 2020). Farmers will tend to see their incomes decline because of climate 135 

change. Indeed, when faced with infrequent but damaging natural events, farmers will suffer 136 

significant financial losses. Research has posited that the best way to adapt to these 137 

unpredictable, extreme climatic risks is to seek insurance through government programs. 138 

Jørgensen et al. (2020) analyzed farmers’ use of insurance as a means to adapt to climate 139 

risks, highlighting that decisions on adapting to climate change depend on farm-management 140 

practices and the underwriting of crop-insurance contracts. Their study suggests that on the 141 

one hand, farmers with poor-quality, low-yield land tend to take out damage insurance due to 142 

the negative effects of natural disasters on their crops. On the other hand, farmers with better 143 

quality, high-yield land use agricultural management that is more suited to climate change, so 144 

they are less inclined to take out insurance against the losses caused by extreme weather 145 

events. 146 

Based on data for a panel of Italian farmers, Di Falco et al. (2014) demonstrated the 147 

importance of insurance against natural disasters in maintaining the well-being of farmers by 148 

protecting against uncertainties in their income. They posited that climatic conditions will 149 

likely increase the demand for insurance products to reduce the exposure to risk. In addition, 150 

they showed that greater diversification of crops could also mitigate the effect of climatic 151 

hazards on crop yields by playing a hedging role.                 152 

3- Empirical methodology: 153 

We sought to study the effects of global warming on crop yields and their variability. 154 

Econometric modeling therefore investigated the relationship that may exist between yield 155 

variability and meteorological factors.  156 

Villavicencio et al. (2013) found that the temporal behavior of crop yields is not constant 157 

due to its strong dependence on climatic factors, so any estimates based on a level series will 158 

be spurious. Panel stationarity tests were carried out before proceeding with the study to 159 

investigate the dynamics between the different variables in the study. This can be estimated 160 

using the cointegration technique, which has two underlying advantages: First, it overcomes 161 

the difficulty associated with the narrowness of a time series, and second, it is more powerful 162 

than traditional time series tests (Banerjee, 1999). 163 
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3.1. Testing for Panel Stationarity and Cointegration 164 

The use of unit root and cointegration tests for econometric panel data offers a genuine 165 

advantage for dynamic models. Much research work has shown that there is a considerable 166 

improvement in the power of unit root tests when using panel data. 167 

In recent decades, several researchers—such as Levin, Lin, and Chu (2002) and Im, 168 

Pesaran, and Shin (2003)—have proposed unit root tests for panel data structures, some of 169 

which we applied in this study. The tests used are generally based on the following ADF 170 

(Augmented Dickey-Fuller) equation: 171 

 , , 1 , , ,
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       172 

Where we assume the absence of a temporal effect and inter-individual dependencies, that 173 

is, 174 

0),( ,, tjtiE      for  all   ji   175 

The second category of tests allows the heterogeneity of autoregressive roots under the 176 

alternative hypothesis to be established. These tests seem better suited to our regional panel 177 

data, since if the existence of a unit root can be rejected, the identification of autoregressive 178 

roots between the different regions is not likely. The test of Im, Pesaran and Shin (1997), or 179 

IPS for short, like the previous tests, is a joint test of the null hypothesis of unit root and the 180 

absence of fixed effects, but under the alternative hypothesis, they allow for the heterogeneity 181 

of the autoregressive roots in the different regions. Applying the IPS test is extremely simple 182 

because it is based on calculating the individual Dickey-Fuller statistics, and then a panel test 183 

statistic is derived from the mean and variance of individual t-statistics. Moreover, 184 

cointegration tests, in the case of panel data, can be considered a way of obtaining additional 185 

information when attempting to identify possible relationships between meteorological factors 186 

and crop losses. 187 

As for unit root tests, the analysis of panel cointegration helps mitigate the low 188 

effectiveness of time series tests for small samples. The test that we present here has as its 189 

null hypothesis the absence of cointegration between several variables, while the alternative 190 

hypothesis depends on the degree of heterogeneity retained. Once again, this test assumes the 191 

absence of inter-individual dynamics and thus tests for the existence of intra-individual 192 

cointegration relationships. This test is based on the following long-term relationship: 193 
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with i=1,2 , ..., N ; t =1,2, ..., T and m =1,2, ..., M 195 

Based on the same principle as the Engle and Granger tests for a time series, the 196 

procedures of Pedroni (e.g., Pedroni, 1996, 2000, 2007) test the residual stationarity of the 197 

long-term relationship estimated in the previous step, with the null hypothesis corresponding 198 

to the absence of cointegration. Pedroni’s test allows the slope coefficients in the 199 

cointegration vector to vary across individual panel members (regions in this case). Pedroni 200 

uses seven residual-based panel cointegration statistics, four of which are based on pooling 201 

data within dimensions and three are based on pooling data between dimensions. The 202 

difference between the two types of tests is specified by the alternative hypothesis. The panel 203 

cointegration statistics constrain a common coefficient under the alternative hypothesis, while 204 

the group means cointegration statistics allow for heterogeneous coefficients under the 205 

alternative hypothesis. These statistics are then compared for the appropriate tails of the 206 

normal distribution. For this test, Pedroni allows for heterogeneity in the cointegration vectors 207 

and adjustment rates under the alternative hypothesis, which appears to be particularly 208 

relevant to our model given the significant regional differences observed in yield losses.  209 

3.2. Estimation Method: Fully Modified OLS versus Dynamic OLS  210 

Two popular techniques are often used to estimate the long-run relationship between 211 

cointegrated variables, namely the fully modified ordinary least squares (FMOLS) approach 212 

of Philips and Hansen (1990) and the dynamic ordinary least squares (DOLS) approach 213 

developed by Saikkonen (1991). FMOLS is a non-parametric approach for dealing with a 214 

serial correlation, and the basic idea behind this procedure is to eliminate endogeneity bias in 215 

the regressors and the serial correlation of errors (Pedroni, 2001, 2007). Pedroni (2007) 216 

suggests two procedures for applying this method to panel cointegration regression: the 217 

pooled panel FMOLS estimator (within dimensions) and the group-mean panel FMOLS 218 

(between dimensions). We chose to use the group-mean panel FMOLS because it deals with 219 

the common value and provides interesting results even with a short time series. DOLS, 220 

meanwhile, is an alternative parametric approach in which lags and leads are introduced to 221 

cope with the problems relating to the order of integration and the existence or absence of 222 

cointegration. 223 
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To estimate the long-run relationship between crop yield losses and meteorological 224 

variables, we implemented the two alternative methods. We estimated the following long-run 225 

equation: 226 

Corp_Yield_los = + Av_temp+  Min_temp + Max_temp + Cum_pluv +    (4) 227 

3.3.  Extrapolation of Yield Losses based on Climate Change Scenarios 228 

Climate projections were used to predict the relevant meteorological conditions for the 229 

various regions in order to determine the impact of climate change on future crop yields. The 230 

emission scenarios in the Special Report Emissions Scenarios (SRES)1 show how greenhouse 231 

gas emissions may evolve over this century.  232 

For our climate projections, we used the scenarios of the EURO-CORDEX Project as the 233 

basis for our simulations, which were carried out in relation to two long-term periods of the 234 

Coupled Model Intercomparison Project (CMIP), which developed new climate scenarios as 235 

part of an international collaboration. The IPCC, meanwhile, has identified four routes for 236 

greenhouse gas (GHG) evolution in the atmosphere in the form of its representative 237 

concentration pathways (RCPs). 238 

 239 

Fig. 1: Variations in mean global surface temperature (°C) in relation to the four typical 240 

scenarios of the IPCC 241 

  The EURO-CORDEX project uses temperature and precipitation as the basis for 242 

simulating 14 regional climate models. The Tunisian National Meteorological Institute, as an 243 

associate of the EURO-CORDEX project, carries out climate forecasts for the entire territory. 244 

The changes in temperature and cumulative rainfall were calculated for two emission 245 

scenarios, namely the average scenario RCP 4.5 and the pessimistic scenario RCP 8.5. 246 

                                                           

1
 The SRES of the IPCC describes various future scenarios for greenhouse gas emissions. 
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Explicit policies to limit greenhouse gas emissions or adapt to global climate change are 247 

included, so the United Nations Framework Convention on Climate Change is taken into 248 

account. 249 

For the Mediterranean region, Figure 1 indicates an expected increase in ground 250 

temperature of 2–6°C by 2100, depending on the season. Heat waves and droughts also 251 

become increasingly frequent (Jacob et al., 2014). In addition, most of the Mediterranean 252 

Basin will experience even hotter summers in the near future, with temperatures above the 253 

current norm for the season. 254 

          255 

           RCP4.5 H2050       -      RCP4.5H2100         -          RCP8.5H2050          -       RCP8.5H2100 256 

Fig. 2. Evolution of total annual rainfall for 2050 and 2100 according to RCP 4.5 and 8.5 257 

For this study, we used the two RCP scenarios for the years 2050 and 2100. These show a 258 

significant increase in temperature coupled with a decrease in rainfall for the entire country. 259 

The simulations show a clear decrease in cumulative annual precipitation for both the 2050 260 

and 2100 horizons. At the end of the century, we see a decrease of around 5–20% under the 261 

RCP 4.5 scenario and a decrease of around 18–27% under the RCP 8.5 scenario (Figure 2). A 262 

spatial climate disparity emerges by 2100, particularly in the south-central part of the country 263 

(especially between Sfax and Gabes in), the north-west of the country (Jendouba and Le Kef 264 

Governorates), and in desert zone of Tunisia (Tataouine Governorate). 265 

The temperature simulations that we carried out using the INM simulator showed a high 266 

degree of variability for the different regions, with a temperature increase of 3°C under the 267 

RCP 4.5 scenario and an increase of more than 5°C under the RCP 8.5 scenario (Figure 3). 268 

 269 
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    270 

    RCP4.5 H2050       -      RCP4.5H2100         -          RCP8.5H2050          -       RCP8.5H2100 271 

Fig. 3. Evolution annual mean temperature for 2050 and 2100 according to RCP 4.5 and 8.5 272 

4. Empirical results: 273 

4.1. Data: 274 

For our empirical study, we used panel data for the regions with observations on an annual 275 

basis for yield losses and meteorological parameters, namely temperature and precipitation for 276 

the 1980–2018 period. These data cover the main agricultural regions of Tunisia in different 277 

climatic zones, namely Beja, Bizerte, Gabès, Gafsa, Tunis, Jendouba, Kasserine, Mednine, 278 

Monastir, and Sfax. This data derives from different sources, including the National 279 

Agricultural Observatory (ONAGRI), the Tunisian Ministry of Agriculture, the National 280 

Meteorological Institute (INM), and the Food and Agriculture Organization (FAO). 281 

The variable “Yield losses” was calculated as follows: 282 

Yield losses = Expected crop per area planted (for t time and i region) – 283 

Mean crop yield (for t time and i region). 284 

To characterize climate change, we used temperature (minimum and maximum) and 285 

precipitation as climate attributes. We used the cumulative precipitation for September to 286 

March, which is the rainy season in the southern Mediterranean. 287 

4.2. Results: 288 

The procedure for estimating the relationship between the “Yield losses” variable and the 289 

independent variables (temperature and precipitation) comprised four steps: (i) unit root panel 290 

tests; (ii) panel cointegration tests to identify long-term equilibrium relationships; (iii) the 291 

FMOLS and DOLS estimation methods to estimate this relationship; and finally (iv) the use 292 

of these estimates to forecast crop yield losses for 2050–2100. 293 
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4.2.1. Panel unit root tests 294 

The presence of non-stationarity in a statistical series leads to spurious regressions, but the 295 

use of unit root tests allows us to check for possible non-stationarity in such series. To ensure 296 

the stationarity of the selected variables, we performed the Levin–Lin–Chu, Im–Pesaran–297 

Shin, Fisher–ADF, and Fisher–PP unit root tests on the series at level and first difference. The 298 

results of these tests are presented in Table 1. All the tests suggest that the Crop_Yields_los 299 

and Av_temp are non-stationary. For the other variables—Min_temp, Max_temp, and 300 

Cum_pluv—we applied the majority rule (three tests against one) to conclude non-301 

stationarity. The test results confirm that all the variables were stationary at first difference. 302 

Table 1: The Results of Panel Unit Root Tests  303 

 IPS W-

Statistics 

Levin, Lin, 

and Chu (LLC) 

 PP- Fisher 

Chi-square 

 ADF-Fisher 

Chi-square  Level First 

Differe

 Level First 

Differe

 Level First 

Differen

 Level First 

DifferenCrop_Yiel

ds_los 

-1.23 -

10.78**

 -1.21 -

9.09*** 

 21.523 112.364*

** 

 20.636 101.144

*** Av_temp -1.15 -

7.12*** 

 -1.27 -

9.47*** 

 21.264 67.012**

* 

 21.37 65.676*

** Min_temp -

2.41*

-

27.34**

 -3.45** -

24.55**

 9.782 78.521**

* 

 9.511 76.607*

** Max_temp -0.98 -

21.36**

 -1.24 -

18.35**

 33.536 126.37**

* 

 31.124 124.18*

** Cum_pluv -

2.36*

-

12.36**

 -1.348 -

13.48**

 20.24 234.145*

** 

 19.314 212.438

*** Notes: Note: ** and *** indicate rejection of the respective null 304 

hypothesis at the 5% and 1% significance levels, respectively. 305 

4.2.2. Cointegration Test: 306 

The Kao (1999) test and the Pedroni (2004) test are widely used in the literature to test for 307 

cointegration between variables (Table 2). Equation 4 expresses the long-term relationship 308 

between Corp_Yield_los, Av_temp, Min_temp, Max_temp, and Cum_pluv. 309 

As indicated in Table 2, the Pedroni and Kao tests indicate that the null hypothesis of no 310 

cointegration can be rejected for all regressors at a 1% significance level (five against three). 311 

This implies that there is a long-run relationship between yield losses and climatic factors.  312 

Table 2 Panel cointegration tests: Kao 

test and Pedroni test. 

Method  Statistic 

Kao residual 

cointegration 

test 

ADF stat -5.80*** 

Pedroni residual 

cointegration 

test 

Panel v-

Statistic 

-0.65 

 Panel rho-

Statistic 

-0.82 

 Panel PP- -5.53*** 
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Statistic 

 Panel ADF-

Statistic 

-4.92*** 

 Group rho-

Statistic 

0.56 

 Group PP-

Statistic 

-5.00*** 

 Group ADF-

Statistic 

-5.15*** 

Notes: 1. Trend assumption: no deterministic 

trend; Null Hypothesis: no cointegration.  

2. Newey–West automatic bandwidth selection and 
Bartlett kernel.  

*** Denotes statistical significance at 1% 

level ** Denotes statistical significance at 

5% level. 

4.2.3. Estimation: 313 

Given the existence of a long-term relationship among the variables, we estimated equation 314 

4 using the FMOLS and DOLS methods. Table 3 presents the estimated coefficients for the 315 

long-run relationship between yield losses and the climate variables. The cointegration results 316 

indicate that the maximum temperature has a positive and significant influence on yield 317 

losses, with an increase of 1% in maximum temperature leading to a decrease in crop yields of 318 

around 0.32%. In contrast, the minimum temperature has a negative and significant effect on 319 

yield losses, with a 1% increase in minimum temperature leading to a decrease in yield losses 320 

(i.e., an increase in crop yields) of 0.29%. Precipitation also has a statistically strong effect on 321 

yield losses. Historically, rainfall between September and March in Mediterranean countries 322 

plays a very important role in crop yields, because the demand for water for cereal crops is 323 

high during this period. 324 

Table 3. Long-run estimates (FMOLS and DOLS). 

 FMOLS DOLS 

Crop_Yields_los   

Min_temp -0.29*** -0.31*** 

Max_temp 0.32*** 0.20*** 

Cum_pluv -0.94** -0.92** 

Notes: *, **, and *** represent the 10%, 5% and 1% 

significance, respectively. 

4.2.4. Extrapolations and forecasts: 325 

Global-level climate modeling has allowed researchers in the field of agricultural 326 

production to consider multiple scenarios for projecting the effect of climate change on crop 327 
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yields (Flato et al., 2013), and recent studies have incorporated future climate scenarios into 328 

crop simulation models at the regional level (Dixit et al., 2018; Zhang et al., 2019). Our 329 

empirical work sought to assess the impact of climate change on the productivity of 330 

agricultural land, and the results are presented in the following table: 331 

Table 4. Crop yields losses projection with 

 Scenario RCP 4.5 Scenario RCP 8.5 

 2050 2100 2050 2100 

North region 

Jendouba -50.12 -7.03 93.36 179.61 

Beja -28.57 4.91 43.10 110.14 

Bizerte -24.37 -5.98 36.78 153.05 

Tunis -12.62 17.05 38.19 84.9 

Central region 

Monastir 10.19 13.62 30.50 71.17 

Kasserine -14.35 1.69 26.12 69.58 

Sfax 9.98 14.02 14.01 41.96 

South region 

Gabes 7.12 9.49 11.05 33.07 

Gafsa -4.58 7.91 6.35 37.55 

Medenine 9.84 13.81 9.9 37.45 

 332 

The crop yields in the different regions are strongly dependent on rainfall levels, a general 333 

increase in temperature, and the scarcity of water resources. Due to droughts being expected 334 

by 2050–2100, agricultural activity is threatened, especially in the center and south of the 335 

country. 336 

The results of these projections for crop yield losses suggest that climate change will lead 337 

to a worsening financial situation for farmers, especially in the central and southern regions of 338 

Tunisia, with crop yield losses of more than 7 quintals/hectare. In the northern regions, the 339 

projections are less pessimistic because crops will be less affected by climate change, 340 

especially under the RCP 4.5 scenario. 341 

In addition, the effect of the future climate on crop yields is more severe under the RCP 8.5 342 

scenario for all the regions, with even the northern regions of the country now being very 343 

affected. 344 

4.2.5.  Insurance as Way to Adapt to Climate Change 345 

The agricultural sector is relatively vulnerable to climate change, so it will be heavily 346 

affected by it. One of the most damaging aspects of climate change for Tunisia is increased 347 

drought, which will harm food production and consequently affect the incomes of farmers. 348 
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The creation of a compensation fund for agricultural damage caused by natural disasters in 349 

2018 was aimed at compensating farmers for any damage suffered.  350 

This fund is based on an index compensation system based on the insurable area and the 351 

nature and severity of climatic risks. It provides compensation for agricultural damage caused 352 

by natural disasters, such as floods, storms, winds, droughts, snow, and frost. The 353 

compensation rate for farmers is set at 60%, while a membership fee for farmers is calculated 354 

at 2.5% of the cost or estimated value of crop yields, depending on their preference. A 355 

premium that is paid by farmers is calculated by multiplying the premium rate by the expected 356 

crop yield for the coming year. 357 

Insurance allows farmers to protect themselves against the extreme climatic events that 358 

may affect their farms, so it represents a way of adapting to the risks brought by climate 359 

change. Through insurance, the burden of income losses due to climatic events is therefore 360 

shared with the government and other participants in the compensation fund.2 Insurance 361 

theory predicts the premium will increase as the risks from climate change increase. 362 

The projections made based on the cointegration relationship for yield losses show that 363 

there will be a significant increase in crop losses. Climatic disasters are infrequent, however, 364 

and this limits the ability of insurance companies to assess and determine the level of risk. 365 

Higher prices are therefore a likely consequence of the increased uncertainty facing insurance 366 

companies. 367 

Without government intervention, these potential long-term losses will result in higher 368 

insurance premiums and possibly the withdrawal of insurance companies from this market. 369 

The insurance system will therefore vary in terms of viability and efficiency, but the 370 

introduction of public-sector insurance makes it possible to overcome the shortcomings of the 371 

free market in providing cover for extreme climatic risks. In some countries, agricultural 372 

insurance is subsidized by governments through national production protection programs. The 373 

United States, in particular, is pursuing targeted actions through the Federal Crop Insurance 374 

Program. France, meanwhile, has set up a National Fund for Risk Management in Agriculture 375 

(FNGRA)3 in order to promote the financing of mechanisms for managing climatic and 376 

environmental hazards in the agricultural sector. In Morocco, the Fund against Catastrophic 377 

Events (FSEC)4 compensates the victims of a catastrophic event who are either not covered or 378 

not indemnified to the same level that is provided for by the fund, in which case the fund tops 379 

                                                           
2 The Agricultural Damage Compensation Fund began operating on October 28, 2019. 
3 This fund was established by law no. 64-706 of July 10, 1964 codified in articles L. 361-1 et seq. The rural and 

maritime fishing code is managed by the Caisse centrale de réassurance (CCR). 
4 The implementation date of this fund corresponds to 2020. 



15 

 

up compensation. In Italy, on the other hand, the absence of an insurance system supported by 380 

the state and the limited availability of private insurance makes it inevitable that state 381 

resources will inevitably need to be mobilized to compensate farmers affected by natural 382 

disasters.                 383 

5. Conclusion 384 

The cointegration model estimation for the panel data allowed us to observe regional 385 

disparities in the effect of climate change on the productivity of agricultural land. These 386 

results, when related to climate change scenarios, should enable farmers to better adapt and 387 

better plan for the possible risks, such as by taking out crop insurance. 388 

The projections based on the two scenarios RCP 4.5 and RCP 8.5 show an increased risk of 389 

yield losses, especially in some higher risk regions. This suggests that the demand for 390 

agricultural insurance in Tunisia could increase in a future that seems likely to be 391 

characterized by greater and more frequent climatic events. Mitigation and adaptation 392 

measures for climate change should therefore be taken to cope with the potential yield losses. 393 

In Tunisia, heat waves in recent years have given rise to fires that have affected crops, 394 

resulting in damage to farmers’ incomes, the environment, and biodiversity. In future, such 395 

phenomena may intensify and cause some farmers to give up on agricultural production. 396 

Given the risks faced by farmers, crop insurance presents a means for adapting to climate 397 

change by protecting against income fluctuations caused by variations in rainfall and 398 

temperature. An alternative way of adapting involves educating farmers about good practices 399 

for water use and agricultural productivity. While this will not prevent episodes of drought, it 400 

will shield the agricultural sector from some of the resulting difficulties and socioeconomic 401 

disruption. 402 
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