Small cocoafarmers' perception of climate change and multiple adoption of
adaptation strategies in Cote d'lvoire

ABSTRACT

Climate change is a global concerntoday due to its impacts on all aspects of life. This
studyanalyzes the perceptions of smallholdercocoafarmers on climate ‘change and
theirsubsequent adaptation strategies in the Zanzan district of northeastern Cote

d’lvoire. Data collectedfrom 322
randomlyselectedsmallholderfarmerswereanalyzedusing a multivariateProbit: The
resultsindicatethatfarmersperceiveclimate change through changes in

climaticparameterssuch as rainfall, temperature and winds. To:adapt to these
changes, farmersadoptseveralstrategiesthat  are, " eithercomplementary  or
substitutablefromtheir point of view. The mostwidespread adaptation strategies in the
study area are fallow, staking, shifting the sowingperiod and crop rotation. This
multiple adoption islinked to severalfactorsincluding the. gender of the producer,
hislevel of education, the possession of cerealcrops, the presence of soilrestoration
programs in the locality. The studyrecommendsstrengtheningmeteorological and
climate information systems and disseminatingknowledgein order to
increaseawareness of climate change:and integrate adaptation strategiesinto local
management plans.
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global issue. The threatsassociatedwiththis variation are visible throughout the world,
and are mostpronounced in. vulnerableregions of Africa, which condition the socio-
economic and environmentalsystems in these countries (GIEC, 2014). According to
studies by.the (FAO, 2024), the effect of climate change has a direct impact on the
economies; of-African countries, giventhat agriculture contributes 20% to 30% of
Gross Domestic Product (GDP) and a total value of around 50% of exports in Africa.
To this end, the repercussions of climatevariability on agricultural activitycould
influence-household living standards, due to the expectedincrease in the price of
agricultural products, and consequently a rise in householdconsumptionprices.
According to the IPCC (2014), 8% of current agricultural land
willbecomeclimaticallyunsuitable by 2100, and up to 30% according to the
mostpessimistic scenario. Yields of major cropssuch as corn, soy, rice and wheat are
alreadybeingaffected.

Céte d'lvoire, like all countries in West Africa and around the world,
isexperiencingclimatic variation thatisleading to a considerable drop in agricultural

loss of manyseeds (N’'da et al., 2016). This climaticvariability has a strong impact on
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the agricultural sector due to increasinglyunfavorableweather conditions, likely to
damage agriculture (Sohou et al., 2020), which has negativerepercussions on the
country'ssocio-economicdevelopment. In one of the World Bank's reports (2018),
itisstatedthat in the long term, climate variation willdecrease the production of certain
key crops in Cbte dIvoire. This decrease in production linked to
climatichazardscouldreduce Cobte d'lvoire's GDP by 2 to 4% by 2040 and between 10
and 25% by 2100, whichwould correspond to an equivalentloss of 380 to 770 billion
(IPCC, 2018).

Projections indicatethatthesephenomenawill continue to worsen in the comingyears if
nothingisdone. Cobte d'lvoire iscurrently feeling the impact of climate change on
itseconomy, environment and society. According to the PNCC. (2015), the
sectorsmostvulnerable to climate change in Cote d'lvoire, in order ‘of importance, are:
agriculture, health, fisheries, energy, water resources, livestock, forestry-wildlife,
housing, transport, industry and education. The negativeeffects onproduction
systems, especially agriculture, naturalresources and people'squality of life are set to
grow. Hence the need for Cote d'lvoire to put in “place tools to measure the
vulnerability of its populations, in order to considermeasures to adapt and mitigate
the effects of climate change. Withthis in_.mind; «and takingintoaccount the
opportunitiespresented by actions to mitigate and adapt to climate change, the
government has decided to adopt a national strategy to.combat climate change. The

Understanding of climate change and its impacts, has progressed over the years.
However, gaps remain in knowledge and know=how. Adaptation interventions must
bebased on the most reliable and: factualknowledge to identify the risks of climate
change on differentsectors, including:agriculture. Today, climate change represents
one of the major challenges facingsmall-scalefarmers, particularly in the Zanzan
district of Cote d'lvaire. :How do small-scaleproducers in the Zanzan district
perceiveclimate change in their area? Whatstrategies are theyadopting to adapt to
climate change? Whatfactors influence the adoption of strategies? Are thereany links
between the strategiesadopted by producers?These are the questions
guidingthisstudy.

The objectives of thisstudy are as follows:

General objective: Analyze the determinants of adoption of adaptation strategies in
the face of climate change.

The general objective issubdividedintothreespecific objectives:
Specific objective 1 : Describesmall-scaleproducers' perceptions of climate change.
Specific objective 2: Distinguishrelationshipsbetweendifferent adaptation strategies.

Specific objective 3: Examine the factorsinvolved in the multiple adoption of
adaptation strategies by small-scalefarmers in the face of climate change.

In the literature, mostauthorsdefineclimate change perception as the observation of
climate change in specificenvironmental aspects throughsensory stimuli and the
awareness of climate change effects (Troncarelli et al., 2023). Theseeffects can
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beincreases or reductions in factorssuch as precipitation, drought, temperature
and/or biophysicalindicators, as well as otherslinked to change, such as plant
flowering.Severalauthorsindicatethatgender (Falaki et al. (2013), level of education
(Poortinga et al (2019) and age (Roco et al., (2015) are among the factorsthat
influence producers' perception of climate change. To adapt to climate change,
farmersdiversifytheircrops, modifyplantingdaysaccording to changes in rainfall, plant
trees, practice polyculture and generateincomefromother sources [Juana et al., 2013;
Partey et al., 2018).

Dang et al. (2019) have groupedfactors in the adoption of adaptation strategiesinto
five categories. The first consists of demographic and socio-economicfactors (Pauw,
2013; Sarker, Alam, & Gow, 2013; Shiferaw, 2014). According to Dang. et al. (2019),
as adaptation to climate change is a complex process involving the.charaeteristics of
climaticattributes and agricultural systems, demographic and.socioeconomicfactors
must beincluded as influencingfactors. The second categoryconcernsresources,
services and technologies (Antwi-Agyei et al., 2015; Biggs. et:al.,»2013). The
thirdcategoryconcernsinstitutional and politicalfactors (Shiferaw, 2014).
Institutionalfactorshave been shown to beimportant.for adaptation. The
fourthcategoryconsists of social and cultural facters (Jones & Boyd, 2011; Nielsen
&Reenberg, 2010). The fifthcategoryconsists of. cognitive and psychologicalfactors
(Grothmann and Patt, 2005; Grothmann and Reusswig;:2006).

2. METHODOLOGY
2.1. Data

The data for thisstudy come from a surveycommissioned by the FAO in 2023 in the
populations to climate change. The target population wassmall-scaleproducers in the
Bounkani and  Gontougoregions. The sampling technigue used in
thisstudywaspurposive ~ sampling. The  selectioncriterionwasbased on the
farmer'sknowledge of climate change and the adaptation strategiesused on the plots.
Villages wereselected on the basis of theirgeographical position, in order to cover all
regions and existing agro-ecological zones, the importance of the climate change
issue in.the country's agricultural production, the representativeness of socio-cultural
groups.and accessibilityduring the studyperiod.

This. studyfocused on two types of data: quantitative and qualitative. Overall, 14
villages. werevisited in the 2 regions of the Zanzan district and 339 small-
scaleproducersweresurveyed (see table 1). However, after the questionnaires had
been tabulated, 17 formswereremoved due to numerous omissions or non-
responses. In all, 322 producerswereretained. The socio-demographic and
economiccharacteristics of the producerssurveyed, the characteristics of the plots
farmed, the types of crops and laborused on the plots, indicators of climate change
perception, the perceived or experiencedeffects of climate change on agriculture and
producers' adaptation strategies are among the data collected in thisstudy.
Producers' perceptions of climate change relate to three (3) main climaticparameters.
These are rainfall, temperature and wind. Farmers' strategies for adapting to climate
change are numerous and varyfrom one area to another, depending on
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theirtechnicalcapabilities. Theyinvolve changes in land use and climate-smart farming
practices, whichwillbedetailed in the following sections.

2.2. Analysismethod

All the analysis in this document isdone at the farmerlevel. In thisstudy, a
multivariateProbit model isused to identify the determinants of the adoption of
adaptation strategies in the face of climate change and determine the linkbetween
adaptation strategies. Five adaptation strategieswereselected: crop rotation,
resistantvarieties, delayedsowing, staking, shallowploughing and fallow. The
empiricalspecification of the decision to adoptclimate change. adaptation
strategieswillberepresented by a multivariateprobitregression. The advantage of this
model over the multinomial probitisthat compliance with one_agreement by a
producerdoes not exclude compliance withotheragreements.” One wof the
underlyingassumptions of multivariatemodelsis the independence “of irrelevant
alternatives, i.e. that the errorterms in the choiceequations ‘are ‘mutually exclusive
(Greene &Hensher 2003). Thesemodelstakeintoaccountanysimultaneguscorrelation
in the choice of simultaneouslyaccessing the 5 coping strategies.:In the literature,
severalstudies have alreadyusedmultivariateprobit, _notably. to assess the
factorsinfluencing the adoption of agricultural technologies (Gillespie et al. 2004;
Sigue et al., 2019). Gillespie et al. (2004) argue thatmultivariateprobit modeling
enables more efficient estimation whenchoices ‘are simultaneous. The
multivariateprobitis as follows:

(Yo = B1Xijn + e
|V, = B2Xij2 + &2
Yiz = B3Xijz + &3 (1)
| Yia = BaXija + €ia
Yis = BsXijs *+ &5
With i representing the grower,-X; =vectors of factors affecting the decision whether

or not to adopt amn adaptation strategy (socio-demographic variables, plot
characteristics, institutional factors), ;=vector of unknown parameters (j = 1, 2, 3, 4,

5) and ¢ is the error term. With i representing the producer, X;= vectors of factors
affecting the decision whether or not to adopt an adaptation strategy (socio-
demographic variables, plot characteristics, institutional factors), g;=Vector of

unknown parameters (j = 1, 2, 3, 4, 5) and ¢ is the error term.

To test the hypothesis, weadopt a multivariate model of the followingform:

Yij = BiXij + &) (2

WithY;;( = 1, 2, 3, 4, 5, 6) representing the 6 climate change adaptation strategies for
producer i rangingfrom 1 to 322 (number of producers). X;;represents a 1 x k vector

of observed variables affecting producers' adoption decision and f;is a 1 x k vector of
unknown parameters to be estimated. ¢;;is the unobserved error term.

The unknownparameters in equation (2) are estimatedusing maximum
likelihoodunder the assumptionthat the errorterms are multivariate and



normallydistributedwith a meanvectorequal to zero. The covariance matrix is as
follows:

& [ 1 rhoy, Thoyz Thoy, rhols\]
& 1 Thoy,s Thoy, Thoys ||

| €3)x |“N|(g),| 1 rhoss Thoss || 3
2 l 1 Thoys

I
s l 1 J

Whererho,,, vho,3,7ho14,7h0,5, Thoy3, Thoy,,Tho,s, Thos,,rhoss €t rho,s are residue

pairs (g1, €2), (1, €3), (€1, €4), (€1, 85), (€2, €3), (€2, €4) (€2, €5), (€3, €4), (&3, €5) €t (&4, E5).

This model controls for unobservableheterogeneitybetweendifferent . coping
strategies. In the presence of unobservablesthat influence decisions to .adopt
adaptation strategies, the model is able to account for theseeffects. For‘example, if
we assume thatrho,; represents the correlation coefficient between the, residuals of
the strategy of using resistant varieties and the strategy.of shifting.sowing and that it
is significantly positive, then the unobservable characteristics that increase the
probability of adopting the strategy of resistant varieties are the same as those that
increase the probability of adopting the strategy of shifting sowing. If, on the other
hand, this coefficient is negative, then the unobservable factors that increase the
probability of adoptingresistantvarietiesreduce the probability of
adoptingdelayedsowing.

The explanatory variables used inithe adoption model are defined in Table 1 below.

Table 1 : Variables used in the adaptation strategy adoption model

Variables Definitions

Gender Binary variable, takes the value 1 if the produceris a woman and O
otherwise

Educated Binary variable; takes value 1 if produceriseducated and 0 otherwise

Single Binary variable, takes value 1 if produceris single and 0 otherwise

Household Continuous variable, representing the number of people in the household

Agriculture Binary variable, takes the value 1 if the produceris a farmer and 0 otherwise

Agropastoral. | Binary variable, takes the value 1 if the produceris an agropastoralist and 0
otherwise

Off-farm Binary variable, takes the value 1 if the producer has off-farmactivities and
0 otherwise

Experience | Continuous variable, representing the number of years of
farmingexperience (in years)

Age Continuous variable representing the age of the farmer (in years)

Plot size Continuous variable representing plot size (in ha)

Group Binary variable, takes value 1 if producerbelongs to a group and O
otherwise

Plateau Binary variable, takes value 1 if the producer's plot has a plateau relief and
0 otherwise

Program Binary variable, takes value 1 if thereis a land reclamation program in the

area and 0 otherwise

Equipment Continuous  variable representing the number of agricultural




Variables Definitions

equipmentowned by the farmer.

Maize Binary variable, takes value 1 if producergrows corn and O otherwise

Yam Binary variable, takes value 1 if producergrowsyams and 0 otherwise

Vegetables | Binary variable, takes value 1 if growergrowsvegetables and O otherwise

Cash crops | Binary variable, takes value 1 if producer has cash crops and 0 otherwise

Flooding Binary variable, takes value 1 if producer has already been flooded on plot
and 0 otherwise
Drought Binary variable, takes value 1 if producer has alreadysuffereddrought on

plot and O otherwise

Strong wind | Binary variable, takes the value 1 if the grower has alreadysufferedwind
damage on the plot and 0 otherwise

Gontougo Binary variable, takes value 1 if producerresides in Gontougo and O
otherwise

Source : Authors

3. RESULTS AND DISCUSSION

3.1. Descriptive analysis

3.1.1. Perception of climate change parameters

To understandgrowers' adaptive behavior, itis vital to assesstheir perception of
climate change (Wang et al. 2014). Growersperceiveclimate change
throughclimaticparameters. In thisstudy, climate change isdefined as perceived
changes in averagetemperatures, winds and precipitation over the past 20 years.
Consequently, respondents' perception of climate change isbased on
theirfarmingexperience over the past 20 years. Out of a total of 322
growerssurveyedacross the tworegions, 99.38% of growers are aware of changes in
climatic conditions, based on, perceived changes in temperatures, winds and
precipitation. Table 2 shows that the growerssurveyed observe climate changes in
the form of lowerprecipitation (78.88%), highertemperatures (93.79%) and
higherwindintensity (84.47%). Semegrowersalsoobserved an increase in precipitation
(21.12%) and anincrease in drought (97.52%).

Theseresults. on.the perception of changes in climaticparameters are the same as
thosefound. by severalauthors (Niles et al, 2016; Vani, 2016, Jamshidi et al. 2019) in
varioussocio-economiccontexts.

Table 2: Growers' perceptions of climate change

Perceivedclimate change Frequency Percentage
Climate change 320 99.38
Change in rainfall 305 94.72
Rainfallincreasinglylighter 254 78.88
Increasinglyheavyrainfall 68 21.12
Temperaturerise 302 93.79
Variation in wind 272 84.47
Strongerwind 272 84.47
Change in drought 314 97.52




Source : Author
3.1.2. Indicatorsjustifyingproducers' perceptions of climate change

Growers' perceptions of climate change in the study area are based on multiple
indicatorsthey have observed on theirfarms. Figure 1 shows that 94.41% of
growersobserved a drop in cropyields, 96.58% observed plant mortality, 87.27%
observed water shortages on farms and 81.06% observedcroplosses due to
changingclimatic conditions. This reduction in the quantity of% agricultural
producewasattributed to the lowrainfall in the regions and the rise in temperatures.
Theseresults are consistent withthose of Kalungu et al. (2013) and Nyang'au, et al.
(2021), whererespectively 80% and 84.20% of sampledfarmersperceived changes in
productivity in recentyears. As a result of the variation. in-climaticpbarameters,
somegrowersnoted plant inclinations (70.19%),. changes .in harvestingperiod
(68.94%), changes in the length of crop ieycles (66. 46%), changes in
cropfloweringperiod (63.66%), increased plant infestation rate (61.49%), plant wilting
(53.42%), outbreak of plant diseases (53.42%) and plot flooding (6.83%), often in

lowlands.

Figure 1 : Indicatorssupportinggrowers: perceptions of climate change

Increase in infestationrate TN 61.49%
Change in harvesting period I 68.94%
Change in flowering period T 63.66%
Changeincycle length T 66.46%
Appearance of plant diseases IEEEEGEGEGGEG—G_G_—— 45.03%
Water shortage IS 87.27%
Plant tilting HEETEEEEEEEE  70.19%
Plantmortality I 96.58%
Plantwilt I 53.42%
Yieldreduction IS 94.41%
Croploss N 81.06%
Flooding mm 6.83%

Source : Autors

3.1.3. Description of climate change adaptation strategiesadopted by
producers



The adoption of climate change adaptation strategies by growers varies by region.
Figure 2 shows that 7 main adaptation strategies are used by growers to
copewithclimate change in theirdifferentregions:

Fallowing: thisis the dominant strategy in the Gontougoregion (95.95%),
comparedwith 36.91% in the Bounkaniregion. Land use decisions for
agricultural production are the main contributors to greenhousegasemissions
in the agricultural sector (MINEDDTE, 2022). Deforestation and
soilerosionhave been identified as major agricultural practices thatcontribute to
climate change (Nyang'au et al. 2021). This resultis consistent withOladipo's
(2010) findingsthat to improvefarmerresilience and mitigateclimate change,
farmersneed to makebetter land-use decisions ;

Staking: 87.28% of growers in Gontougo have adoptedthisstrategy,
comparedwith 8.05% in Bounkani;

Staggeredsowing: 57.23% of growers in Gontougoadoptedthisstrategy,
comparedwith 25.50% in Bounkani. Otherfarmerspreferred. to..change the
sowing date, due to the latearrival of the rains, as:farmers are obliged to move
theirsowing date to the periodwhen the first rains are ebserved, whentheywere
sure therewassufficientmoisture in the soil;to support growth. This resultis in
line withthat of Olabanji et al. (2021) in the case of South Africa and Nyang'au
et al. (2021) in the case of Kenya ;

Use of resistantvarieties: 39.31% of growers in.Gontougoadoptedthisstrategy,
comparedwith 29.53% in Bounkani. This resultis in line withthat of Kalungu et
al. (2013) wheregrowers in Kenya stoppedgrowing certain crops due to
lowyieldsassociatedwithlowrainfall and . opted for early-maturing, drought-
resistantcropvarieties;

Shallow tillage: 38.73%. of farmers in Gontougo have adoptedthisstrategy,
comparedwith 4.70% in"Bounkani. This practice is a soil conservation
technique, but itis not widelyused in the study area, especially in Bounkani,
due to the<arduous hature of the activities. This resultis in line withthat of
Nyang'au, et wal (2021), where 56% of farmers use soil conservation
techniques.

Croprotation: 23.12% of farmers in Gontougo have adoptedthisstrategy,
comparedwith 49.66% in Bounkani. This resultis in line withthat of Nyang'au et
al. (2021). who show that 77.6% of farmerssampled in the Kenyan study area
practice.crop rotation or polyculture to increaseproductivity.

Plot abandonment: 6.36% of growers in Gontougoadoptedthisstrategy versus
4.03% in Bounkani.

Theseresults are the same as thosefound by Olabaniji et al. (2021) and Asrat and
Simane (2018), whofindthatgrowers in northeastern South Africa and
northwesternEthiopiarespectivelyadoptseveral adaptation strategies at once in order

Figure 2 : Main adaptation strategiesadopted by region
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As we can see, the strategiesadopted by growers-are largely made up of climate-
smart farming practices. Perceivedclimate change:;may:influence the promotion and
adoption of these practices. Better adoption of these practices willincreasefarmers'
resilience to climate change, boost productivity and reducegreenhousegasemissions
(Nyang'au et al. 2021). However, the choice of. strategyisinfluenced by the
opportunities and constraintsavailable to farmers, Theseopportunities or constraints
are in turninfluenced by variousfactorsbeyond the farmhouseholdscale, at
community, landscape and regionallevels (Tittonell, 2014).

3.2. Analysis of the determinants of.the-adoption of climate change adaptation
strategies

3.2.1. Links betweendifferent adaptation strategies

The (positive) likelihood: ratio. test justifies estimating the multivariateprobitratherthan
five independentprobits (table 3). The nullhypothesis (HO) of independence can
berejected (p value <:00001). Moreover, the coefficients are significantoverall. Table
3 also shows that all the coefficients of the errorterms are significant, with the
exception of thosebetween the resistantvarietystrategy and fallow (rho51), between
the. stakingstrategy and delayedsowing (rho32), between the fallowstrategy and
delayedsowing (rho52) and between the fallowstrategy and minimum tillage. The
significance of these coefficients justifies the use of a quadrivariateprobit.

Wefindthatseedingdelayisnegatively and significantlycorrelatedwith the
resistantvarietystrategy and the minimum tillage strategy. Wededucethatthereis a
substitutabilityrelationshipbetween the delayedseeding, resistantvariety and minimum
tillage strategies. This meansthatwhen a grower uses the staggeredsowingstrategy,
itsignificantlyreduces the probability of using the resistantvariety and minimum tillage
strategies. This isexplained by the factthat by shifting the sowingperiod, the
growerwaits for the climate to be favorable for hisseed and habit. The
resistantvarietystrategyispositively and significantlycorrelatedwith the staking and
minimum tillage strategies. Similarly, the stakingstrategyispositively and



significantlycorrelatedwith the minimum tillage and fallowstrategies. This shows
thatthereis a complementaryrelationshipbetweenthesestrategies. The use of
varietiesresistant to climaticshocksincreases the adoption of staking and minimum
tillage strategies. The adoption of stakingalsoincreases the probability of using
minimum tillage and fallow. Thus, somestrategies are substitutable, whileothers are
complementaryfrom the growers' point of view.

3.2.2. Factorsdetermining the multiple adoption of climate change adaptation
strategies

The factorsexplaining the multiple adoption of climate change adaptation strategies
are summarized in Table 3. The resultsrevealthat the gender of the farmer, the level
of education, the practice of agro-pastoral farming, off-farmactivities, the. size of the
plot, the relief of the plot, the presence of a land reclamation program.in the area, the
number of farmequipment, production of maize, yams, vegetables and:cash crops,
experience of flooding, drought and wind damage in the ‘pastiand geographical
location are the factorsthat influence the multiple adoption of climate change
adaptation strategies.

Categorical variables have a category as astreference for interpretation. The
coefficient associatedwith a category of a given variable .thereforerepresents the
impact of change in the categoryconcernedcomparedwith the referencecategory on
the probability of adopting a givenstrategy. Interpretation of the coefficients is more
difficultthan for linearregressionmodels, due to the non-linearity of the probability. The
coefficients cannotbeunderstood as the result of the marginal effects of changes in
the explanatoryfactors on the variable concerned. All thatremains are the changes in
sign and the significance of the coefficients.

strategies are not the same. Beingfemale has a negative and significant influence on
the probability of adoptingstaggeredsowing and stakingstrategies. Theseresults are
contrary to those of.Olabanji’ et al. (2021) and Asayehegn et al. (2017).
Theseauthorsfindthat ‘the gender of the grower has no effect on the adoption of
climate change adaptation strategies. In ourstudy area, given the level of
knowledgerequired. for stakingduring high winds, only men engage in it, but
womenprefer:to give up. What's more, because of the numerous occupations within
the household, womencannot shift the sowingperiod.

The farmer'slevel of education has a negative and significant influence on the
probability:of adoptingresistantvarieties and minimum tillage, but has a positive and
significant influence on the adoption of the staggeredsowingstrategy. Theseresults
are contrary to those of Chemeda et al. (2023), whofindthat the level of education of
farmers in southernEthiopiaincreases the probability of adoption of soil conservation
strategiessuch as minimum tillage and the improvedvarietystrategy. However,
ourresultis in line withthat of Nyang'au et al. (2021)
whofindthateducationlevelwasnegativelycorollatedwith the adoption of
climateresilientvarietiesamonggrowers in southern Kenya. In ourstudy area, the
educationreceived by farmers has no connectionwith agriculture. It cannotthereforebe
a sufficient lever for the adoption of climate change adaptation strategies.
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Agropastoral practice increases the probability of adoptingstrategiessuch as
staggeredsowing and fallowing, but  reduces the probability  of
adoptingresistantvarieties. This resultis in line withthat of Asrat and Simane (2018),
whofindthat agropastoral practice increases the probability of adoption of adaptation
strategies. The agropastoralists in ourstudy area had the financialmeans to practice
fallowing, aiming for incomefromtheirlivestock.

Possession of off-farmactivitieshad a negative and significant influence on the
probability of adopting the minimum tillage strategy. Theseresults are contrary to
those of Asayehegn et al. (2017) and Yegbemey et al. (2020). Asayehegn et al.
(2017) show that off-farmactivities have a positive influence on the adoption of the
mixed strategies of seed diversification, variety change and irrigation. For
theseauthors, incomefrom off-farmactivity can beused to increase .the level of
investment in inputs such as labor, fertilizers and pesticides,.and new varieties. In
ourstudy area, producerswith off-farmactivities do not have enough time to invest in
climate change adaptation strategies.

Plot size has a negativeeffect on the probability of. adopting the
staggeredsowingstrategy. The larger the plot size, the. lesslikely the farmeris to adopt
the staggeredplantingstrategy. This resultiscontrary to that of Chemeda et al. (2023),
whofindthat plot size increases the probability. of. adoption of water and soil
management  strategies, crop management  (staggeredsowing  dates,
resistantvarieties) and intensive farm. management.“In ourstudy area, this can
beexplained by the factthat the larger the plot size, the greater the investment in
terms of climate change adaptation strategies. This
discouragesgrowersfromadoptingsuchstrategies.

Plateau-type plots positively and. significantly influence the adoption of minimum
tillage, but negatively and significantly the fallowstrategy. This resultis in line withthat
of Asrat and Simane (2018), whofindthat plot relief type influences the adoption of
climate change, adaptation strategies. Theseauthors argue thatfarmersinvest in
adaptation measures.in‘plots wheretheyexpectgreaterriskfromclimatehazards.

The existence of'soilimprovement programs has a significantnegative influence on
the <adoption = of = delayedsowingstrategies. In fact, these programs
providegrowerswithskills and reinforcetheirability to
anticipatesoildegradationusingappropriate techniques. As a result, growers are no
longer ‘obliged to staggersowingperiods. Theseresults are in line withthose of
Chemeda et al. (2023), whofoundthat the presence of extension services in farmers'
areas had a negative and significant influence on the adoption of strategiessuch as
agroforestry and climate-resistantvarieties, but positivelyaffected the probability of
fertilizer use.

The number of farmingequipmentowned by the farmer has a positive and significant
influence on the probability of adopting the staggeredsowingstrategy, but has a
negative influence on the probability of adopting the stakingstrategy. This resultis in
line withthat of Kaboré et al. (2019). Theseauthorsindicatethat the smalltoolsavailable




producerswiththeirownfarmingequipment have the latitude to shift the initial
sowingperiod due to climate change in order to takeadvantage of the moment
theydeem favorable. As a result, they do not consideritnecessary to adoptstaking.

Maize production has a positive and significant influence on the probability of
adoptingresistantvarieties and minimum tillage, whileit has a negative and significant
influence on the probability of adoptingstaggeredsowing and fallowstrategies. This
result highlights the complementarity of certain strategies and the substitutability of
othersfrom the growers' point of view. This resultis in line withthat of Yegbemey et al
(2020), whoshowedthat the production of cerealssuch as riceincreased the adoption
of climate change adaptation strategies, due to the very high sensitivity of thesecrops
to rainfall. The technicalitinerary for maize cultivation requires minimum ploughing
and the use of resistantvarieties to improvecropyields.

Yam production has a positive and significant influence on the probability of staking
adoption. This resultislogical, as this technique iswidelyused by growers to
maintainyam plants in the event of strongwinds. Similarly, legume production has a
positive and significant influence on the probability of adopting the. stakingstrategy.
This resultiscontrary to that of Yegbemey et al. (2020),: whofoundthatlegume
production had a negative and significant impact at the 5% threshold on the
farmer'sdecision to adapt to climate change in southern Niger. Theyexplainthis by the
factthatlegumes are hardy and, due to ‘their non-moisture-demandingvegetative
cycle, are not very sensitive to climaticvariability. ‘However, in ourstudy area,
stakingisincreasinglyused to protect ‘short-rootedcropsagainst the effects of climate
change.

Cash crop production has a positive and significant influence on the probability of
adoption of resistantvarieties: and fallowing. Several distribution programs for
improved or resistantseedexist in the study area to guarantee the grower a good
yield. In addition, somegrowers, due to soil exhaustion, choose to rest the soil in
order to improveproductivity. Theseresults highlight the
factthatgrowersadaptaccording to the agricultural cropstheyproduce on their plot. The
more sensitive a cropis to the effects of climate change, the more likely the groweris
to apply adaptation strategies.

Past experiences of the effects of climate change have an impact on producers'
climate change adaptation behaviors. Past experience of farmflooding has a negative
and significant influence on the probability of adopting the staggeredsowingstrategy,
but a positive and significant influence on the adoption of minimum tillage. In fact,
plots that have been flooded once are easy to ploughwithsmallimplements, without
the need for tractors. What's more, given the high risk of flooding on these plots,
growersdon'twant to run the risk of postponing the sowingperiod for fear of destroying
the cropafterplanting in the event of heavyrain. In the sameway, plots that have
experienceddrought in the past have a positive and significant influence on the
probability of adoptingdelayedsowing. This is all the more understandable as these
plots are highlyexposed to water shortages. As a result, growerswait for the right
period, corresponding to the onset of the first rains, to start sowing. Past experience
of strongwinds has a positive and significant influence on the probability of adopting



the fallowstrategy. Growersprefer to let plots restafter destructive winds, often for fear
of further production losses.

Finally, geographical location had a positive and significant influence on the
probability of adoptingclimate change adaptation strategies. This resultiscontrary to
that of Olabandji et al. (2021), whofoundthat the geographical location of farmshad

the Gontougoregionapplyseveral coping strategiescompared to those in Bounkani.
This couldbeexplained by the fairlydevelopedeconomicenvironment in Gontougo,
whichfacilitates the actions of agricultural supervisors and the presence of
severaldevelopmentprojects.

Table 3 :Multivariateprobitresults on adaptation strategy adoption factors

Variables Resistantvariety | Sowing time | Staking Minimum tillage |, Fallow land
offset
Gender 0.23(0.254) -0.37%(0.20) | -0.83*(0.47) | -0.07(0.37) -0.49(0.38)
Age -0.01(0.01) -0.00(0.01) -0.01(0.01) 0.00(0.01) 0.01(0.01)
Educated -0.31*(0.16) 0.21*%(0.12) -0.03(0.22) -0.35%(0.20) -0.26(0.21)
Single 0.21(0.33) -0.01(0.20) -0.46(0.48) -0.56(0.41) -0.10(0.39)
Household -0.00(0.01) -0.01(0.01) 0.01(0.02) -0.00(0.02) -0.01(0.02)
Agriculture 0.44(0.39) -0.03(0.18) -0:37(0.41) 0.27(0.53) 0.28(0.34)
Agropastoral -1.05***(0.29) 0.66***(0.14) |-0.16(0.34) -0.20(0.32) 0.52*(0.27)
Off-farm -0.33(0.21) 0.25(0.16) 0.10(0.29) -0.77***(0.30) 0.20(0.28)
Experience -0.01(0.01) 0.01(0.01) 0.01(0:01) -0.01(0.01) -0.01(0.01)
Plot size 0.02(0.02) -0.04**(0.01) | =0.02(0.03) -0.01(0.02) -0.01(0.02)
Group 0.06(0.16) -0.16(0.11) 0.24(0.25) -0.08(0.21) -0.13(0.23)
Plateau 0.01(0.17) -0.13(0.13) 0.22(0.24) 0.52**(0.23) -0.55**(0.25)
Program -0.18(0.32) -0.30**(0.14) | -0.07(0.36) -0.01(0.36) 0.31(0.32)
Equipment 0.01(0.12) 0.18*(0.10) -0.79%(0.45) | 0.08(0.20) 0.22(0.19)
Maize 0.81**%(0.17) - 0.34(0.28) 0.80***(0.24) -0.57*%(0.24)
0.60%*%(0.12)
Yam -0.05(0.20) -0.12(0.14) 0.50*(0.31) -0.18(0.28) 0.22(0.24)
Vegetables 0.07(0.16) 0.14(0.11) 0.44*(0.27) 0.13(0.21) -0.25(0.22)
Cash crops 0.56*(0.32) -0.01(0.14) 0.53(0.42) 0.14(0.36) 0.79**(0.35)
Floading 0.36(0.24) - 0.31(0.37) 0.61**(0.28) -0.54(0.37)
0.56**%(0.17)
Drought 0.19(0.49) 0.87***(0.23) | 0.45(0.68) -0.64(0.58) 0.73(0.51)
Strong wind 0.18(0.20) -0.21(0.17) -0.23(0.29) -0.07(0.22) 0.75**(0.34)
Gontougo 0.56**( 0.22) 0.51***(0.15) | 3.17***(0.50) | 1.75***(0.32) 2.22***(0.33)
_cons -2.01**(0.84) -0.78(0.52) -1.21(1.25) -1.71(1.10) -2.43**%(0.98)
Observation 322
Log likelihood | -589.12
Significance of | Wald chi2(110) = 629.38; Prob >chi2 = 0.0000
the model
rho21 -0.993***
rho31 0.240**




rho41 0.542%**
rho51 -0.083
rho32 -0.198
rho42 -0.522%*
rho52 0.151
rho43 0.265*
rho53 0.435%**
rho54 -0.099
Likelihood rho21 = rho31 = rho4l = rho51 = rho32 = rho42 = rho52 = rho43 = rho53 = rho54 =
ratio test 0:
chi2(10) = 174.353 Prob > chi2 = 0.0000

Source : Authors
4. CONCLUSIONS AND RECOMMENDATIONS

Do small-scalefarmers in Cdte d'lvoire perceiveclimate = change? Are
theyadoptingstrategies to adapt to climate change?. This .is the main research
qguestion to whichthisstudywasintended to providesomeanswers. Perception
analysisshowedthatgrowersperceiveclimate =~ change -through variations in
climaticparameterssuch as rainfall, temperature and winds. In addition, the estimation
of a multivariateprobit model enabled us to:identify the links between the
differentstrategiesadopted by growers_ to, copewithclimate change, and the
factorsthatexplain  the adoption _.of . thesestrategies by growers. The
resultsrevealedcomplementary links  between. certain strategies, such as staking,
minimum tillage and fallowing, and substitutability links betweenotherstrategies, such
as the resistantvariety, delayedsowing and minimum tillage.

resultsrevealthat the gender of the producer, the level of education, the practice of
agro-pastoral farming, off-farmactivities, the size of the plot, the relief of the plot, the
presence of a land reclamation program in the area, the amount of agricultural
equipment, production of maize, yams, vegetables and cash crops, experience of
flooding, drought and wind damage in the past and geographical location are the
factorsthat influence the multiple adoption of climate change adaptation strategies in
different directions.

The first recommendationis to raiseawareness of climate change. Farmers'
perceptions, whenmatchedwithactual changes in weather patterns, can ensure the
effectiveness of specific adaptation strategies, such as adjusting agricultural
calendars, modifyingfallowperiods, using native or drought-tolerantvarieties, and
controllingpests and invasive species. Awareness of climate change can beimproved
by policiesaimed at strengtheningweather and climate information systems and
disseminatingknowledge.

Secondly, the studyrecommends the integration of climate change issues and
adaptation strategiesintoeducation programs aimed at rural households, not only to
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improve the knowledge and skills of local communities, but also to raiseawareness of
the impact of climate change on agricultural productivity.

To increase the effectiveness and sustainability of adaptation interventions in the
study area, the studyrecommendsthatknowledge of climate change and farmers'
adaptive capacityshouldbe part of the local development program. This can bedone

Notwithstanding the results of thisstudy, there are a number of limitations thatdeserve
to beexplored in future studies. Firstly, the studydid not measure the impact of
producers' perceptions of climate change on theirfarm management decisions,
notably on the quantities of seedused, the area to besown, and the amount of labor
to beemployed, to name but a few. Secondly, the studydid not takeintoacecount the
impact of adaptation measures on yields and, above all, on the profits of
producerswhosell part of theirharvest. It mayhappenthat the adoption of adaptation

measuresislinked to high coststhatreduceproducers' profits. This
coulddiscourageanydesire to adapt.
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