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Abstract
Climate change is expected to have serious environmental, economic, and social impacts on arid regions 
such as Tunisia country. This research uses a “bottom-up” approach, which seeks to gain insights from 
the farmers themselves based on a farm household in the south-east of Tunisia. Econometric analysis and 
Main Component analysis were conducted in this research. Finally, probit binary models were estimated 
to determine the factors influencing adaptation strategies. All actions aimed at improving the resilience of 
agriculture in Tunisia’s arid regions to climate change, emphasize mainly the strategies adopted by farm-
ers in terms of water management, technical choices and the adopted production systems combined with 
the experience and local know-how. Others Government policies and national adaptation programs should 
focus on education facilitate farmers’ access to extension, information and specialized training needed.

Keywords: Climate change, Perception, Adaptation strategies, Agricultural households, Econometric 
analyses, South-Eastern Tunisia.

1. Introduction

Agriculture lays a heavy burden on the envi-
ronment in the process of providing humanity 
with food and fibers (IPCC, 2007). However, 
agriculture and food systems as well as the ru-
ral economies in the Maghreb and North Africa 
regions have been experiencing major drastical-
ly reduced agricultural production through ex-
treme weather events, such as recurrent droughts 
and floods in these recent decades (Hassan 
and Nhemachena, 2008; Deressa et al., 2008). 
In these regions, the climate variability caus-

es severe impacts on agriculture through long 
drought periods. Recurrent droughts often affect 
entire countries over multiyear periods and can 
result in serious social problems caused by water 
scarcity and the intensive demand of water for 
agriculture. Impacts anticipated under projected 
climate change such as increasing rainfall vari-
ability, increasing temperature, increasing evap-
oration rate and water deficit pose a significant 
challenge to the Maghreb region. Mean temper-
atures of Morocco, Algeria and Tunisia are ex-
pected to rise by between 2 and 4°C until 2100. 
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Already by 2020, rainfall is expected to drop by 
between 5 and 20% (METT, 2002). Tunisia is 
one of the Maghreb countries and is very vul-
nerable to the water shortage. Most of the water 
resources have medium to poor quality, and the 
salinity is often high. Water deficits and droughts 
are ongoing risks for Tunisian agriculture The 
agricultural sector that provides approximate-
ly 13% of the national annual GDP (2004) to 
Tunisia is therefore particularly vulnerable to 
climatic changes also due to poor soils, limit-
ed ground and surface water, low rainfall and 
recurrent droughts particularly in the arid re-
gions of Tunisia In these regions, the consump-
tion of irrigation water in irrigated areas and 
oases continues to increase to ensure the sus-
tainability of the farming activity and guarantee 
the income of several households agricultural 
(Mougou et al., 2011).

For example, in the arid regions of South-East-
ern Tunisia, the Gabes oases is known since 
antiquity for their vegetable crops that histori-
cally conserved the seeds, their greatest source 
of resilience facing difficult climate conditions 
(dry land). However, since the past few decades, 
the oases are getting much damaged (over-ex-
ploitation of resources, urbanisation…) as well 
as multiple factors have been behind this degra-
dation (Marshall et al., 2014). The majority of 
young people and women are not interested in 
agriculture and the older populations that are, 
are turning to more profitable field crops. Pro-
ducing local seeds is forsaken for the benefit of 
improved hybrid seeds that are often combined 
with the use of chemical fertilizers (highly pol-
luting the soil). The lack of valorisation of local 
indigenous seeds, the absence of a seed market 
or even laws restricting the commercialisation 
of local seeds. This all explains why farmers 
are discouraged and have difficulties guarantee-
ing their own production. The risk is that future 
generations that loses their capacity to adapt to 
climate change and no longer is able to guaran-
tee food security for the population surrounding 
the oases (Abdedaiem and Veyrac-Ben Ahmed, 
2013). Faced with climatic risks on agricultural 
activity in oases of irrigated perimeters, review-
ing the concept of adaptation through a multi-
dimensional vision touching different economic, 

social, agronomic, hydrological and political as-
pects is important to know and detect the main 
intervening factors in adaptation strategies. The 
adoption of a bottom-up approach that focuses 
on autonomous adaptation behavior seems to me 
more adequate to draw recommendations for ad-
aptation strategies appropriate to oasis produc-
tion systems in South-Eastern Tunisia, case of 
the Metouia oasis in the governorate of Gabes.

Therefore, this article aims to study the percep-
tion and choice of appropriate measures among 
smallholders in the oases of South-Eastern Tuni-
sia for adaptation to climate change. The rest of 
the article is structured as follows: Section two 
describes the theoretical framework. Section 
three presents the methodology. Section Four 
discusses the results and Section Five provides 
conclusions and policy recommendations.

2. Theoretical and methodological 
framework

Farmers’ behavior towards adaptation to cli-
mate change is shaped by socio-economic, phys-
ical and behavioral factors (Doerr et al., 2011). 
Institutional arrangements for the farmers and 
their working environment, development for ac-
cess to markets and climatic factors are useful in 
shaping the behavior of smallholders (Devere-
ux 2000; Deressa et al., 2008 and 2010). The 
study of behavior adapting to climate change 
has many angles of analysis. There is both the-
oretical and empirical analysis. Some questions 
are positive, many others are prescriptive. There 
are microeconomic issues and more macroeco-
nomic problems. Within this diversity, several 
approaches have been developed in particular: 
integrated assessment approaches, empirical 
(econometric) analysis, economy-wide simu-
lation with models and decision support tools. 
Each of these approaches can help shed light 
on different aspects of the adaptation problem 
(Fisher-Vanden et al., 2013).

For the problem of adopting certain strategies 
or measures to adapt to climate change in agri-
culture, the behavioral study of the perception 
or the choice of strategies requires understand-
ing the reaction of economic agents to current 
climate and weather events. Much of this evi-
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dence is provided by often interdisciplinary 
studies (Penning-Rowsell et al., 2013; Ranger 
and Surminski, 2013). However, more and more 
researchers are using large data sets at the house-
hold or farm level to explore how economic 
agents adapt fully and rationally. The evidence 
is particularly rich for the agricultural sector.

Such an economic approach in relation to 
adaptive behavior such as “the econometric ap-
proach to climate” has been reviewed by Dell et 
al. (2014) and Hsiang (2016). These two works 
mainly focus on assessing the impact and effect 
of climatic factors on economic variables such 
as labor productivity, production and growth, 
rather than on the benefits, costs or extent of 
the economy adaptation. However, many of the 
ideas of Hsiang and Dell et al. also apply to the 
econometrics of adaptation.

Several researchers have sought to identify 
climatic effects both in transversely and chron-
ologically, by comparing the impacts and / or 
adaptation behaviors across different climatic 
regimes by measuring the impact of particular 
meteorological events, such as floods, over time. 
Increasingly, they have access to panel data. 
Cross-sectional studies are closely associated 
with the “Ricardian approach” developed by 
Robert Mendelsohn (Mendelsohn et al., 1994; 
Kurukulasuriya et al., 2011; Seo and Mendel-
sohn 2008; Wang et al., 2010). Given the great 
diversity of climates around the world, these 
studies provide ample evidence of adaptive be-
havior. The approach of nominal and ordered 
econometric models can simultaneously model 
the influence of all the explanatory variables on 
each of the different adaptation practices, while 
allowing the potential correlation between the 
unobserved disturbances as well as the relation-
ship between the adoptions of different adapta-
tion practices (Belderbos et al., 2004). Conse-
quently, an agricultural household is confronted 
with the decision to adopt or not an adaptation 
strategy taking into account the parameters per-
ceptions of climate change. Necessarily, this de-
cision to adopt or not depend on the characteris-
tics of agricultural households explained using 
an “ad-hoc” approach through several factors: 
socio-economic, climatic, endowment of availa-
ble resources (land, water and labor) and policies 

related to extension services as well as access to 
information at optimal time. Principal Compo-
nent Analysis Method and the ordered and bina-
ry probit econometric model were mobilized in 
this work to study the behavior of small farmers 
in the Methaoui oasis in South-Eastern Tunisia 
in the face of the challenges of climate change.

2.1.  Justification and choice of econometric 
models

When the dependent variable in a regression 
model is binary, the analysis could be conducted 
using linear probability or logit or probit models 
(Pindyck and Rubinfeld, 1981). The determinant 
factors were identified by employing seemingly 
unrelated ordered or binary probit (Equations 1 
and 2 below) which is variant of probit model. 
Mitchell and Carson (1989) advocated the use of 
robust estimators as a way to control the problem 
of non-normality and outliers and the potential 
bias associated with these sources. This form of 
regression is also used to reduce the problem of 
heteroscedasticity. The normal density function 
is appealing to statisticians in the sense that it al-
lows the non-zero correlation, while the logistic 
distribution does not. This model provides infor-
mation on what variables are crucial for each of 
the responses to perceptions and adaptation. To 
develop a model that will predict household per-
ception and adaptation to climate change, econ-
omists assume that there exists some underlying, 
unobservable (latent) variable and utility index, 
such variable is determined by certain variables 
including the characteristics of the household.

2.2.  Econometric models

Several studies have used various methodo-
logical approaches to analyze the determinants 
of adaptations to climate change and the choice 
of adaptation strategies. Most commonly used 
analytical approaches in the literature include 
discrete choice regression models like binary 
probit or logit (Acquah-de Graft and Onumah, 
2011; Fosu-Mensah et al., 2010), multinomial 
probit or logit and multivariate probit (Hassan 
and Nhemachena, 2008; Deressa et al., 2008; So-
foluwe et al., 2011; Nzeadibe et al., 2011; Tazeze 
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et al., 2012). Other empirical studies used prin-
cipal component analysis (Mandleni and Anim, 
2011) and the Ricardian model (Kurukulasuriya 
and Mendelson, 2006). Thus, the decisions of 
perception and adaptation to climate change are 
intrinsically multivariate and the attempt at uni-
variate modeling excludes the useful economic 
information contained in the interdependent and 
simultaneous adoption decisions. On the basis of 
this argument, the study adopted the economet-
ric technique of ordered and binary probit mod-
els to simultaneously model the perception and 
the influence of the set of explanatory variables 
on the main adaptation strategies (Belderbos et 
al., 2004; Lin et al., 2005).

2.3.  Ordered and binary probit models

Ordered probit model is widely used approach 
to estimate models of ordered types. The ordered 
probit model is built around a latent regression 
in the same manner as the binomial probit model 
(Greene, 2003):

(1)

For the latent variable (farmers’ perceptions) 
in this study exhibits itself in ordinal categories 
which were coded as 0, 1, 2…j. The response of 
category j is thus observed when the underlying 
continuous response falls in the j-th interval as:

(2)

Where, Y* (i = 0, 1, 2) are the unobservable 
threshold parameters that were estimated togeth-
er with other parameters in the model. When an 
intercept coefficient is included in the model, 
Yo* is normalized to a zero value and hence only 
j-1 additional parameters are estimated with Xs. 
As binary data models adopt or not adopt (0/1) 
adaptation strategies, the probabilities for each 
of the observed ordinal response, that is, farm-
er’s perception to climate change in this study 
had 3 responses which could be low, moderate 
and high with ordinal values of 0, 1, 2.

For adaptation of such a strategy j, the latent 
variable in this case is a binary dependent var-

iable with yi = 1 to adopt strategies j or yi = 0 
not adopt strategies j. Binary probit models can 
also be motivated by an underlying continuous 
latent variable yi * which depends on β‘xi and 
an error term εi (for i = 1,…, n) as in the case 
of equation 1. If the latent variables would be 
observable, this would lead to linear regression 
models. However, latent variables are not ob-
servable. But they can be related to the observed 
binary dependent variables yi:

(3)

The farmer’s perceptions of climate change 
and the adoption of an adaptation strategy are 
specified as follows:

Y* (Farmer’s perceptions) = 1 (no perception), 
2 (average perception) or 3 (good percep-
tion (Ordered probit model).
Y* (Farmer’s strategies) = 1 (adopt strategies j), 
0 (not adopt strategies j) (Binary probit models)
x1 = Ages of farmer (years), continuous (in 
number)
x2 = Level of education (ordered), 1 (literate), 2 
(primary), 3 (secondary), 4 (university)
x3 = Main agricultural activity, binary (1 if agri-
culture, 0 other)
x4 = Place of residence, binary (1 if on the 
farm, 0 outside)
x5 = Farm size, continuous (in hectare)
x6 = Type of agricultural production system, or-
dered (3-stage system, 2 classic system, 1 oth-
erwise)
x7 = Agricultural land owner, binary (1 if farm 
owner, 0 other)
x8 = Membership of the Agricultural Develop-
ment Group, binary (1 if yes, 0 no).

2.4.  The study area

The Métouia oasis is one of the coastal oa-
ses of the governorate of Gabès. It is located 12 
km north of the city of Gabès (South-Eastern 
Tunisia) and covers an area of approximately 
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270 ha (Figure 1). The Métouia oasis is char-
acterized by low rainfall. The monthly distribu-
tion of precipitation is characterized by a peri-
od without rain (June, July and August) and a 
period with rainfall irregularly distributed over 
the other months and an annual water balance 
which is highly deficient. The oasis farms cover 
very small areas of around 1.5 ha on average. 
The crops are staged there in height, the palm 
trees are on the first floor, the pomegranate 
trees are on the second floor and alfalfa and 
market gardening are on the third floor. The 
drainage network is ineffective and moderately 
maintained. The Métouia oasis is characterized 
by the presence of a very shallow water table 
which closely conditions the evolution of the 
soil throughout the oasis (Grira et al., 2002; 
Hatira et al., 2002).

2.5.  Sample size and sampling procedures

For a quantitative research, the probability 
sampling technique is appropriate as compared 
to a non-probability sampling technique be-
cause samples drawn by using probability sam-
pling techniques are more representative than 
non-probability sampling techniques. Accord-
ingly, a multi-stage random sampling technique 
was implemented to select sample from popu-
lation. For a quantitative research, the probabil-
ity sampling technique is appropriate as com-
pared to a non-probability sampling technique 
because samples drawn by using probability 
sampling techniques are more representative 
than non-probability sampling techniques. Ac-

Figure 1 - Location map 
of the Métouia oasis, 
South-Eastern Tunisia.

cordingly, a multi-stage random sampling tech-
nique was implemented to select sample from 
population. Finally, 50 sample households were 
selected on the basis of a probability propor-
tional to size and they are representative of oa-
sis farmers in the region. In this study, a simpli-
fied formula is used to determine the required 
sample size at 95% confidence level, 0.5 degree 
of variability and 10% level of precision.

Where n is the sample size, N is the popula-
tion size (total of households), and e is the level 
of precision. Hence, the desired sample size is 
equal to:

 

𝑛𝑛 =
𝑁𝑁

1 + 𝑁𝑁(𝑒𝑒)2 

 

n = *+*
*,*+*(+.*).

=50 
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*,*+*(+.*).

=50 
 

2.6.  Data type and sources

Data used in this analysis were collect-
ed from a household survey conducted in 
Métouia oasis of the governorate of Gabes on 
South-Eastern Tunisia. Primary quantitative 
data was collected along with a face-to-face 
interview. Discussions with farmers were also 
organized as part of the data collection meth-
od for qualitative primary data. In addition, 
quantitative data was collected using a struc-
tured questionnaire. Data were gathered at the 
household level on socio-economic charac-
teristics, agricultural production system char-
acteristics, extension institutions and climate 
change perceptions (Table 1).
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3. Results and discussions

3.1.  Perception of climate change for oasis 
farming households

The objective of this section is to identify the 
determining factors of perception of climate 
change for the oasis farming households. The 
ordered probit regression model was used to 
find out the contributing factors implicitly (ad-
hoc) to the perception of the phenomenon of 
climate change and which can play in the de-
velopment of adaptation strategies. The results 
of the ordered probit regression model are pre-
sented in Table 2.

The results of the probit regression model 

ordered in Table 2 show an overall signifi-
cance of the model at the 1% level (Prob> 
chi2). The positive contribution and the level 
of significance of the independent variables 
also determine the importance of these vari-
ables in the functioning of the oasis produc-
tion system. Indeed, a significance level of 
1% for the residence variable (RESID) clearly 
reflects that the farmer, who is installed in the 
oasis, felt the change of the environment and 
the deterioration of the oasis agricultural sys-
tems from day to day other than a farmer who 
is outside the oasis. The other variable that is 
significant at the 1% level is membership of 
an agricultural development group (MEM-

Table 1 - Summary of household characteristics.

Variable (type variable) Description Number (%) Means

Perception
(Ordered variable)

Climate change perceptions 50 (100%)
No perception
Average perception
Good perception

6 (20%)
5 (17%)
19 (63%)

Age (discrete variable) Ages of farmer 50 (100%) 50

Education
(Ordered variable)

Level of education 50 (100%)
Literate = 1
Primary = 2
Secondary = 3
University = 4

3 (6%)
37 (73%)
0 (0%)

10 (20%)

Main activity
(Binary variable)

Main agricultural activity 50 (100%)
if agriculture = 1 25 (50%)
other = 0 25 (50%)

Residence
(Binary variable)

Place of residence 50 (100%)
if on the farm = 1 45 (90%)
Outside = 0 5 (10%)

Farm size (Continuous variable) Farm size 50 (100% 4.46

Agricultural system
(Binary variable) 

Type of agricultural production system 50 (100%)
If stage system = 1 14 (26%)
If other system = 0 36 (74%)

Land owner
(Binary variable)

Agricultural land owner 50 (100%)
if farm owner = 1 18 (26%)
If other = 0 32 (74%)

Membership
(Binary variable)

Membership of (GDA) 50 (100%)
If membership = 1 23 (26%)
If no = 0 37 (74%)

Source: Data survey: 2018-2019.
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BERSHIP) which is responsible for the ac-
tivity of agriculture in the oasis, among other 
things the distribution of irrigation hours. Be-
ing a member of this group means ease of ac-
cess to information and extension and staffing 
of main irrigation hours or additional hours. 
Therefore, we can deduce that these two var-
iables are of the first order from the point of 
view of perception of climate change among 
oasis farming households. Then, in second or-
der, we find the variable area of the agricul-
tural holding (SIZE) significance at the 5% 
level. This variable shows that the perception 
can be perceived at the level of large farms 
whose activities require a lot of production in-

puts such as water, labor, etc. In third order, 
at the level of positive significance of 10%, 
we find variables like the level of education 
(EDUC) as well as the property of the land 
(OWNER) which plays an important role in 
the understanding of the phenomenon of cli-
mate change and their impact on oasis systems 
when the farmer owns their agricultural land. 
The land ownership variable (OWNER) also 
reflects a socio-cultural aspect among some 
farmers, beyond that oasis activity is a source 
of agricultural income, but it is also a natural 
heritage characterizing the region which must 
be preserved for biodiversity, sustainable de-
velopment and for future generations.

Table 2 - Results of ordered probit regression model for perception of climate change.

Coef. Std. Err. P>|z|
X1 : AGE .0365002 .0389419 0.349
X2 : EDUC .8085056 * .4372247 0.064*
X3 : AGR .6920667 .7731876 0.371
X4 : RESID 3.364506 *** .7327965 0.000***
X5 : SIZE .6119345** .193433 0.002**
X6 : SYSTEM .4673846 .5445639 0.391
X7 : OWNER 1.512966 * .7885448 0.055*
X7 : MEMBERSHIP 1.991799*** .7236316 0.006***

Number of obs. = 50
Wald chi2(8) = 504.42  Prob > chi2 = .0000
Pseudo R2 = .3538

Notes: *** significant at 1%, ** significant at 5%, * significant at 10%.
Source: Model results.

Table 3 - Adoption of adaptation techniques to climate change by oasis farmers.

Not Adopt Adopt

Adaptation techniques 
to climate change Workforce Percentage % Workforce Percentage %

CDSEMI 7 14 42 86
IRRIG_COMP 21 42 29 58
VENT_AN 40 80 10 20
ADPOT_AC 43 86 7 14
INTERVE_ETAT 27 54 23 46
ACCES_CREDIT 40 80 10 10
ACHAT_IRRIG 27 54 23 64
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3.2.  Adaptation strategies on oasis farming 
households

The results of the ordered probit regression 
model showed the positive and significant con-
tribution of some key variables. These variables 
can be used on the one hand to understand the 
behavior of oasis households faced with the 
phenomenon of climate change and on the other 
hand, help us to find points of reflection to de-
velop appropriate adaptation strategies. A set of 
adaptation techniques to climate change that are 
practiced by oasis households according to their 
responses to the questionnaire asked during the 
survey (Table 3). Among these techniques, the 
following may be mentioned as: CSD: change of 
sowing date; ADD_IRRIG: additional irrigation; 
PURCH_IRRIG: purchase of additional irriga-
tion hours; SAL_AN: sale of animals to finance 
agricultural activity; ADOPT_CROP: adoption 
of other crops; POLITICAL_INSTR: State in-
tervention through subsidies and incentives; 
ACCES_CREDIT: Access to credit to invest and 
finance agricultural activity.

These techniques can be classified into three 
adaptation strategies reflecting the behaviors of 
oasis farming households which are deduced 
by the survey questionnaires and these strate-
gies are also confirmed by local actors, whether 
they are experts or agents of the agricultural 
extension service. Adaptation techniques like 
(ADD_IRRIG, PURCH_IRRIG and ACCES_
CREDIT) can be interpreted as Strategy 1: 
Adaptation strategy in terms of water saving 
policy. Adaptation techniques like (SAL_AN 
and POLITICAL_INSTR) can be interpreted 
as Strategy 2: Incentive strategy for autono-
mous adaptation and adaptation. Adaptation 
techniques like (CSD and ADOPT_CROP) can 
be interpreted as Strategy 3: Technical strategy 
and system of production.

3.3.  Determinants of adaptation strategies 
to climate change in the Methouia oases

The results of ordered binary probit models in 
the Table 4 show that the overall significance of a 
level 5% (Prob> chi2) for the Strategy 1 and Strat-
egy 2; at level 1% (Prob> chi2) for the Strategy 3 

reflecting acceptance of the choice of adaptation 
variables to describe the strategies identified. The 
results also show the significant contribution of 
certain variables to express adaptive behavior 
among farmers in the oasis of Methouia.

The positive and significant contribution at 
the 1% level for variables such as age (AGE) 
and land ownership (OWNER) and also other 
variables that are significant at the 5% level as 
the main activity variable which is agricultural 
activity (AGR) and the variable member of an 
agricultural development group (MEMBER-
SHIP). These variables explain and justify the 
adoption of Strategy 1 (Adaptation strategy in 
terms of water saving policy) for some farmers 
in the oasis of Methouia. Indeed, an oasis house-
hold head who owns a farm, his main activity 
is agriculture and member of an agricultural de-
velopment group where their access to water is 
possible, all these conditions allow him to access 
credit to invest in water saving for the purchase 
of drip irrigation or to build a water basin to 
store rainwater or additional irrigation water.

For Strategy 2 (Incentive strategy for auton-
omous adaptation), the results of the binary 
probit models in Table 4 show the positive and 
significant contribution at the 1% level for the 
classification variable of the production system 
(SYSTEM), at the level of 5% for the variable 
(AGR) and at the level of 10% for the two varia-
bles (OWNER and MEMBERSHIP). This strat-
egy explains that when agriculture is the main 
activity for the oasis household head who is also 
the owner of a farm and member of an agricul-
tural development group for access to irrigation 
water, contribute to the choice of orientation of 
oasis agricultural production system. This ori-
entation towards a new oasis production system 
can be interpreted as a kind of strategy of ad-
aptation to climate change which is carried out 
for the benefit of the activity of the breeding in 
particular the cattle breeding which has known 
a significant deterioration due to of their signif-
icant cost. This autonomous adaptation strategy 
is achieved through the sale of heads of cattle 
to finance agricultural activity and also through 
the incentive procedure of public actors to en-
courage investment in profitable crops with high 
added value such as pomegranate trees. This 
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strategy implicitly reflects the transformation 
and the dynamics of the functioning of oasis 
agricultural households in the South-Eastern re-
gion, in particular in the oasis of Methouia.

For Strategy 3 (Technical strategy and pro-
duction system), the results of the binary probit 
models in Table 4 show the positive and signifi-
cant contribution at the 1% level of the principal 
active variable (AGR) and the production sys-
tem orientation (SYSTEM), and at the 5% level 
for age (AGE) and member of an agricultural 
development group (MEMBERSHIP) variables. 
In fact, in recent years, we have noticed a change 
in the classic oasis production system in three 
stages (palm, arboriculture, market garden and 
fodder crops) associated with the activity of cat-
tle and goat breeding towards a new production 
system oasis in two stages (arboriculture, vege-
table and fodder crops) associated only with goat 
farming. This strategy is imposed by the phe-
nomenon of urbanization, the change in lifestyle 
of oasis households and also the degradation of 
natural resources due to climate change. This 
positive contribution explains that these varia-
bles together play an important role in the strate-
gy of technical adaptation and orientation of the 

production system, whether through the change 
of the date for certain vegetable crops thanks to 
the experience of older farmers although the ori-
entation towards less costly agricultural produc-
tion systems that consume less water.

3.4.  Results of marginal effects of probit 
models

The results of the marginal effects of the so-
cioeconomic variables explaining the adoption 
of adaptation strategies to climate change are 
presented in Table 5 confirm the previous results 
obtained explaining the degree of adoption of 
these adaptation strategies linked to oasis house-
holds and the positive contribution of some 
variables such as age, main activity, landowner 
and membership. Indeed, the probit regression 
models estimated for the marginal effects are 
globally significant for all the strategies at the 
5 and 1% threshold. Based on the coefficients 
of the correct prediction rates obtained from the 
estimate, it is possible from the models to make 
simulations on the different adaptation options, 
depending on the socio-economic characteristics 
of agricultural households, with a probability to 

Table 4 - Binary probit models results.

Strategy 1:  
Adaptation strategy 

in terms of water 
saving policy

Strategy 2: 
Autonomous adaptation 

incentive strategy

Strategy 3: 
Technical strategy and 

production system

Coef. P>|z| Coef. P>|z| Coef. P>|z| 
X1 : AGE .2594575*** 0.003 .0657398 0.250 .155476** 0.027 
X2 : EDUC .5832071 0.147  .5041755 0.114 .3956855 0.380 
X3 : AGR 1.863913** 0.045 1.299478** 0.047 1.747972*** 0.008 
X4 : RESID 1.828314 0.191 -1.177553 0.430 -2.879703 0.060 
X5 : SIZE .0507614 0.795 .0446131 0.854  .0756938 0.755 
X6 : SYSTEM -1.033163 0.186 1.767906 *** 0.003  1.731461*** 0.001 
X7 : OWNER 2.345358*** 0.001 1.366003* 0.069 .8416214 0.249 
X7 : MEMBERSHIP 2.47279** 0.016 1.617083* 0.079 2.051047** 0.034 
Constante -19.64239 0.002 -8.700323 0.052 -13.74039 0.015 

Wald chi2(8) =16.15
Prob > chi2 = .0403
Pseudo R2 = .3881

Wald chi2(8) = 23.02
Prob > chi2 =0.0033
Pseudo R2 = 0.4138

Wald chi2(8) = 30.83
Prob > chi2 =0.0002
Pseudo R2 = 0.4689

Notes: *** significant at 1%, ** significant at 5%, * significant at 10%.
Source: Model results.
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have a prediction ranging to 51.25%, 54.20% 
and 56.60% certainty, respectively for adapta-
tion strategies 1, 2 and 3.

For the different adaptation strategies and 
their determining factors which are identified by 
the binary probit regression model, for example, 
the variables: age, agriculture is the main activ-
ity, owner of agricultural land and membership 
of a development group agricultural, reflect 
the adaptive behavior of oasis households in 
Methouia. The motivation for this adaptive be-
havior is based almost on four key terms: experi-
ence for autonomous adaptation and orientation 
of production systems, the owner of agricultural 
land for access to credit and membership in a 
group of agricultural development for access to 
water and information and an extension service. 
The perception of oasis households of climate 
change in the study area was consistent with the 
findings of other researchers around the world. 
Indeed, the regression analysis of the ordered 
probit model revealed that certain variables such 
as education, agricultural area, residence, owner 

of agricultural land and membership of an ag-
ricultural development group have influenced 
the perception of climate change by Farmers. 
The same interpretations for these variables are 
justified by the work developed in the central 
agricultural zone of the state of Delta, Nigeria 
(Ofuoku and Chukwuji, 2012). Likewise, other 
results also confirm the same determinants of 
farmers’ perception of sustainable agriculture 
in Turkey: the case of Mersin province predicts 
whether farmers will adopt sustainable farming 
practices or whether they have applied them. 
Therefore, it is necessary that further research 
should be conducted to find out whether farmers 
are likely to do this or if they really have done 
so by appealing to the importance of agricultur-
al programs on television and radio as well as 
the use of credit and having cooperative partner-
ships (Gul et al., 2018). The path to disaster risk 
reduction in arid and semi-arid regions in Jor-
dan is possible through actions like information, 
education and technology transfer can make the 
difference due to their enormous potential mit-

Table 5 - Marginal effects of the explanatory variables of the probit model of adoption strategies to climate 
change.

Marginal effects
Strategy 1: 

Adaptation strategy 
in terms of water 

saving policy

Strategy 2:
Autonomous adaptation 

incentive strategy

Strategy 3:
Technical strategy 

and production system

X1 : AGE .1034571 *** .0260804 .0611735 **
X2 : EDUC .2325503 .2000174 .1556862
X3 : AGR .6484015 ** .4818018 ** .6113212***
X4 : RESID -.5316013 -.4183861 -.6675605
X5 : SIZE .0202408 .017699 .0297824
X6 : SYSTEM -.3813734 .6011986*** .6000944***
X7 : OWNER .7406773*** .5041336* .3256564
X7 : MEMBERSHIP 7830936 ** .5805983* 6925651**

Log likelihood
Wald chi2
Prob > chi2 
PseudoR2
Observations 
Correct prediction rate (%)

-12.682487
16.15
0.0403
0.3881

50
51.25

-12.032145
23.02
0.0033
0.4138

50
54.20

-10.722229
30.84
0.0002
0.4689

50
56.60

Notes: *** significant at 1%, ** significant at 5%, * significant at 10%.
Source: Model results.
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igation of the implications of climate change 
(Alrusheidat et al., 2016). These same key ad-
aptation terms also summarize the adaptation of 
farmers’ livelihoods to environmental changes 
in the case of the Minqin oasis, northwest China 
(Chen et al., 2018).

4.  Conclusion and recommendations

The study aimed to assess the perceptions 
and adaptation strategies of farmers to climate 
change in the oasis of Methouia in South-East-
ern Tunisia. It was found that the perception was 
raised among the majority of oasis farmers who 
were well aware that the climate was changing. 
The majority of farmers noted that there was 
an increase in temperature, decrease in rainfall, 
changes in the timing of rains and an increase in 
the frequency of droughts.

The most common adaptation strategies 
among farm households were: crop diversifica-
tion, change of production system, increase in 
water conservation practices, adjustment and 
management of livestock, the abundance of cat-
tle breeding for the benefit of oasis agriculture 
and the increased use of irrigation technology 
through access to credit.

The results of the study also show that cer-
tain variables such as level of education, res-
idence on the farm, agricultural area, land 
owner and membership in the agricultural de-
velopment group are crucial factors in influ-
encing the probability oasis farmers to perceive 
climate change. Likewise, factors such as the 
age of the head of household, education, the 
system of the land owner and membership in 
the agricultural development group, facilitate 
access to credit and also to extension and in-
formation on change climate. These variables 
can be considered as factors to trace the most 
adequate adaptation strategies for oasis farm-
ers of Methouia to climate change. Any policy 
aimed at strengthening the adaptive capacity 
of farmers in the study area should consider 
the use of the factors mentioned above in de-
veloping adaptation strategies. The importance 
of these socio-economic and technical factors 
of production in the perception and strategies 
of adaptation to climate change in the case of 

agriculture is justified by several studies in the 
world (Chen et al., 2018 and 2016; Abid et al., 
2016; Alam, 2015; Sofoluwe et al., 2011; Smith 
et al., 2011; Nhemachena and Hassan, 2007; 
Maddison, 2006). Indeed, this study was an 
example to show that the bottom-up approach 
going from the individual scale for the case of 
the farmer to the global (community or socie-
ty) to forecast the perception and ideas of the 
autonomous adaptation. This approach can be 
interpreted as the most effective methodolog-
ical process in the design of adequate adapta-
tion strategies which takes into account all the 
economic, social and ecological characteristics 
of a given region. Today, it is time to rethink the 
development of adaptation strategies to climate 
change by strengthening the adoption of the bot-
tom-up approach on scientific and participatory 
bases with the actors concerned, first and fore-
most the farmer and their concerns for the in-
ternal and external environment of their activity.
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