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Abstract: Climate change is a global phenomenon. Its impact on agricultural activities in developing
countries has increased dramatically. Understanding how farmers perceive climate change and how
they adapt to it is very important to the implementation of adequate policies for agricultural and
food security. This paper aims to contribute to an understanding of farmers’ adaptation choices,
determinants of the adaptation choices and the long-term implications of the adaptation choices. Data
were collected from 120 respondents in the Zou Department of Benin. A binary logit model was used
to analyze the factors influencing household decisions to adapt to climate change. Multinomial logistic
regression analysis was estimated to analyze the factors influencing households’ choice of adaptation
strategies to climate change. The results show that farmers have a developed perception of climate
change. These changes are translated by rainfall disturbances (rainfall delays, early cessation, bad
rainfall distribution etc.), shortening of the small dry season, increasing of temperature and sometimes,
violent winds. The survey reveals that Benin farmers adopt many strategies in response to climate
change. These strategies include “Crop–livestock diversification and other good practices (mulching,
organic fertilizer),” “Use of improved varieties, chemical fertilizers and pesticides,” “Agroforestry
and perennial plantation” and “Diversification of income-generating activities.” The findings also
reveal that most of the respondents use these strategies in combination. From the binary logit
model, we know that “farming experience” and “educational level of household head” positively
influence adaptation decisions. The result of the multinomial logit analysis shows that farming
experience, educational level, farm size and gender have a significant impact on climate change
adaptation strategies. Based on in-depth analysis of each strategy, we identify crop diversification
and agroforestry as being the most promising strategies with benefits for farmers, the environment
and future generations.
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1. Introduction

In sub-Saharan Africa, 63% of the population continues to depend on agriculture [1]. Climate
variability and change are major challenges hampering agricultural productivity in this region. Indeed,
Africa is one of the most vulnerable continents to the current climate variability with strong economic
impacts [2]. This vulnerability is accentuated by development challenges such as endemic poverty,
ecosystem degradation and limited access to capital, markets, infrastructure and technology [3].

In Benin, where agriculture is the second largest component of the economy with a contribution
of 38% to gross domestic product (GDP) and about 70–80% of export earnings [4], the negative impacts
of climate change on this sector are obvious. Indeed, Benin has been experiencing strong weather
variability characterized by a fluctuation of the period and duration of precipitation, a change in
annual rainfall, an increasingly hot climate, drought, soil degradation, unexpected flooding, high

Environments 2018, 5, 15; doi:10.3390/environments5010015 www.mdpi.com/journal/environments

http://www.mdpi.com/journal/environments
http://www.mdpi.com
http://dx.doi.org/10.3390/environments5010015
http://www.mdpi.com/journal/environments


Environments 2018, 5, 15 2 of 17

winds and the proliferation of diseases and pests [5–9]. Thus, the importance of adaptation measures
for the 61.1% of the population of the country living in rural areas [10] and dependent on agriculture
for their subsistence becomes an absolute priority. In order to reduce the potential negative, direct
or indirect effects of climate change on the agri-food system, populations must adapt and economic
systems must be adapted to future climatic contexts [11]. Adaptation to climate change is a process
that initially requires famers to perceive that the climate has changed and then identify the necessary
adaptations to be implemented [12].

In Africa, some work has been carried out in a global way on farmers’ perceptions of climate
change and adaptation strategies, in particular those of Simelton et al. [13] in Malawi and Botswana,
those of Comoé [14] in the Ivory Coast, those of Assoumana et al. [15] in Niger and those of
Gebreeyesus [16] in Kenya. These studies revealed that all respondents have observed a number
of changes in the overall climate pattern. The main perceptions are related to the duration of the rainy
season, the variability of onset and rainfall amount. In Benin, some studies have also been conducted
on farmers’ perceptions of climate change. These include the work of Houssou-Goe [17] in the Couffo
department, Gnanglè et al. [18] in the Center of Benin, Gnanglè [5] and Loko et al. [6] in the north
of Benin. This previous research has demonstrated that adaptation strategies to climate change are
context and locality dependent. Farmers’ perceptions and adaptation strategies to climate change in
the Zou Department have hardly been studied. However, this region is an area with a high agricultural
potential, with 60.7% of its population living in rural areas and 47% being farmers [19]. This raises the
following research questions: How do the actors in the agricultural sector, the smallholder farmers in
this region, perceive these climate changes and how do they react? Do their adaptation strategies take
into account future generations?

2. Materials and Methods

2.1. Presentation of Study Area

The study was conducted in the Zou Department of southern Benin (Figure 1). It is a plateau area
from 200 m to 300 m altitude. There is a transitional climate between the sub-equatorial climate and the
humid tropical climate of the Sudan-Guinean type of North Benin. The average annual rainfall varies
between 900 mm and 1200 mm. The period of vegetative growth varies between 80 and 100 days.
In Zou, there are two rainy seasons (March to July) and (August to October). The agricultural calendar
follows the rainfall pattern [19]. The soils are clay-sandy ferralitic land, which is highly degraded but
very well drained with a low retention capacity. Deep and easy to work, they are suitable for almost
any crop. Vertisols and hydromorphic soils are also found in depressions. The vegetation is dominated
by a natural palm plantation (Elaeis guineensis) and grasses but a few classified or sacred forests are
also encountered [19]. The department of Zou is subdivided into nine communes namely: Abomey,
Agbangnizoun, Bohicon, Covè, Djidja, Ouinhi, Zangnanado, Za-kpota and Zogbodomey.

The population is mainly rural and agriculture is the main activity, occupying 47% of the
population [19].
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Figure 1. Map of the Zou Department, the study area. 

2.2. Methodology 

In this study, both quantitative and qualitative data were collected through household surveys. 
For data collection, three communes were selected based on their agricultural production (total 
yields of crop production and percentage of agricultural labor force). This specific criterion was used 
because of the purpose of the study, which is to study farmers’ adaptation strategies to climate 
change. These were the communes of Djidja, Ouinhi and Zogbodomey. The population of interest 
was made up of the set of agricultural households in these three communes. The sampling unit was 
the agricultural household. In each commune, two villages were selected based on their agricultural 
production. The respondents were selected randomly according to their availability and to a 
balanced coverage of the socioeconomic diversity of the farms in the study villages. In each village, 
20 farmers (head of household) were surveyed. In all study areas, a total of 120 respondents were 
interviewed. Additionally, six focus groups were conducted. Each focus group was attended by 8 to 
12 farmers, made up of men and women. The data collected relates to socioeconomic characteristics, 
farmers’ perceptions of climate change and adaptation strategies developed by farmers to address 
climate change. The individual interview contained 32 questions in total including check-all and 
forced-choice questions followed by a comprehensive discussion with the farmers. The questions 
focused on five themes: (1) socioeconomic characteristics; (2) climate and climate change 
information; (3) farmers’ perception of climate change in general; (4) farmers’ perception of rainfall 
patterns; (5) farmers’ perception of temperature patterns; (6) farmers’ perception of climate change 
effects. The questions related to the general climate change perception were open ended, while the 
specific questions related to climate change effect and temperature and rainfall were organized with 
sequential options. Answers were coded into different actual values. The objectives of the individual 
survey were to collect the information needed for in-depth analysis of the research questions, 

Figure 1. Map of the Zou Department, the study area.
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2.2. Methodology

In this study, both quantitative and qualitative data were collected through household surveys.
For data collection, three communes were selected based on their agricultural production (total
yields of crop production and percentage of agricultural labor force). This specific criterion was
used because of the purpose of the study, which is to study farmers’ adaptation strategies to climate
change. These were the communes of Djidja, Ouinhi and Zogbodomey. The population of interest
was made up of the set of agricultural households in these three communes. The sampling unit was
the agricultural household. In each commune, two villages were selected based on their agricultural
production. The respondents were selected randomly according to their availability and to a balanced
coverage of the socioeconomic diversity of the farms in the study villages. In each village, 20 farmers
(head of household) were surveyed. In all study areas, a total of 120 respondents were interviewed.
Additionally, six focus groups were conducted. Each focus group was attended by 8 to 12 farmers,
made up of men and women. The data collected relates to socioeconomic characteristics, farmers’
perceptions of climate change and adaptation strategies developed by farmers to address climate
change. The individual interview contained 32 questions in total including check-all and forced-choice
questions followed by a comprehensive discussion with the farmers. The questions focused on five
themes: (1) socioeconomic characteristics; (2) climate and climate change information; (3) farmers’
perception of climate change in general; (4) farmers’ perception of rainfall patterns; (5) farmers’
perception of temperature patterns; (6) farmers’ perception of climate change effects. The questions
related to the general climate change perception were open ended, while the specific questions related
to climate change effect and temperature and rainfall were organized with sequential options. Answers
were coded into different actual values. The objectives of the individual survey were to collect the
information needed for in-depth analysis of the research questions, whereas the ones of the focus
group were to verify the information obtained during the individual surveys. The same approach was
used by Simelton [13] and Gebreeyesus [16].

The Statistical Package for Social Sciences (SPSS) (19th edition) was used for descriptive statistics.
Means, percentages and frequencies were used to summarize and categorize the information gathered.

The binomial logit model was used to analyze the factors affecting farmers’ decisions to adapt
to climate change or not to adapt [6,12,20]. In this case, the dependent variable was dichotomous
i.e. farmers’ decision to adapt or not adapt to climate change. According to Muzamhindo [20] and
Fosu-Mensah [21], the binary logit model is appropriate in this case because it considers the relationship
between a binary dependent variable and a set of independent variables. In its reduced form, the binary
logit is expressed as follows [12,20]:

Y = f(X1, X2, . . . , X6) (1)

where Y is the adaptation status (1 = farmers who adapted, 0 = farmers who did not adapt).
The multinomial logit model was used to determine the factors influencing the choice of farmers

to use a particular method of adaptation to climate change [6,22,23]. In this model, the dependent
variable was multinomial with as many categories as the number of climate change adaptation methods
inventoried in the study area. The reduced form of the model is as follows [6]:

Yi = f(X1, X2, . . . , X6) (2)

where Yi, the polychotomic dependent variable, is the adaptation method chosen by the producer
and X1 to X6 are the explanatory variables. Based on the data collected on the adaptation strategies
developed by farmers in the study area, the dependent variable (Yi) is coded 1 for “no adaptation,” 2 for
“Crop–livestock diversification,” 3 for “Use of improved varieties, chemical fertilizers and pesticides,”
4 for “Agroforestry and perennial plantation (oil palm, orchard, tree species),” 5 for “Diversification
of income-generating activities” and 6 for “Multiple coping strategies.” The explanatory variables
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include: X1 = Farming experience, X2 = Farm size, X3 = education level, X4 = Gender, X5 = Percentage
of farm income and X6 = Belonging to a farmers’ organization.

Tazeze [22] gave more details on the hypothetical relationships between these variables and
adaptation to climate change. The standardization of a category, defined as “base category” or
“reference state,” was used to estimate the model of multinomial logical regression [6,22]. In this study,
the category “no adaptation” was used as the base category.

3. Results

3.1. Socioeconomic Characteristics of Household Heads

The socioeconomic characteristics of respondents were collected. These included gender, age,
occupation, farming experience, farm size and educational level. The study sample was dominated by
men (76.7%). Thus, the heads of agricultural households were predominantly men. Indeed, female
heads of households were most often widows or divorced. The age of farmers varied between 25
and 67 years (46 years on average) and 55.8% of them were illiterate. Agriculture (crop production)
was the main activity of the respondents (75%). The remainder consisted of livestock farmers (16.7%)
and food processors (8.3%). Respondents had an average of 16.57 years farming experience; the most
experienced had 40 years farming experience and the least, three years farming experience.

The farm size varied from 0.75 to 10 ha (4.74 ha on average). Only 43.3% of respondents had less
than 5 ha. This reflects the importance of agriculture in the study area. The majority of farmers (78.3%)
belonged to a farmers’ organization (a village association or cooperative or a communal union of
farmers). Very few (8.3%) had access to funding (microcredit) from regularly registered microfinance
institutions. Thus, they were struggling to finance their activities. The majority of them (65%) received
extension services (support-advice, capacity building, training, farmer field school).

3.2. Smallholder Farmers’ Perception of Climate Change

This section analyzes farmers’ perceptions of climate change. Analysis of the data showed that
farmers clearly perceive climate change. About 90.8% of respondents claimed that the climate had
changed. To the question of what these changes consist of, different answers were recorded and we
made a typology of the changes observed by the farmers. The main changes observed were: rainfall
disturbances (rainfall delays, early cessation, bad rainfall distribution etc.); shortening of the small dry
season, increasing of temperature, and, sometimes, violent winds and other extreme events such as
floods in some areas (see Figure 2).

Rainfall disturbances were perceived by 89% of respondents. In this region, like other regions of
the country, since agriculture is rainfed and the agricultural calendar is adapted to the rainfall regime,
it is quite normal for farmers to perceive any change in the rainfall regime. However, disturbances in
precipitation were perceived differently.

When farmers were asked how the rainfall patterns had changed, all the respondents had observed
a number of changes in the overall climate pattern (Figure 3). Most farmers claimed that the rainy
season started later (75.8%) and stopped earlier (70%). The majority of respondents (75.8%) noted
a delay in the onset of the rainy season. Sixty percent of respondents claimed that the rainy season
length had decreased. Regarding rainfall, 45% of respondents noted an increase in rainfall amount and
42.5% claimed that the rainfall amount had decreased.

Changes were perceived in temperature and droughts (Figure 4). Almost 64% noticed an increase
of the length of the long dry season and 85% of farmers claimed that the small dry season was
shortening. Most of the respondents observed an increase of temperature.
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3.3. Effects of Climate Change on Agriculture and Livelihood 

Climate change is having an effect on agriculture and livelihood. Table 1 shows that only 15% of 
the respondents disagreed that climate change led to crop/livestock infestation and diseases, while 
65.83% strongly agreed with the assertion. The findings also revealed that 33.8% of the farmers 
reported that climate change is responsible for the increase in land degradation, while only 18.33% 
disagreed. It is therefore not surprising that their strategies are based on pest and disease control and 
land management. 

Of the respondents, 87.5% reported that climate change led to a decrease in crop yields. In 
addition, 90% of the respondents claimed that increased food costs are an effect of climate change. 
The implication could be that the respondents developed strategies to improve productivity of food 
or to secure income in the study area. 

Almost 46% of smallholder farmers disagree that climate change has led to rural–urban 
migration while 17.5% were neutral. 
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Figure 3. Farmers’ perception of changes in rainfall patterns.
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Figure 4. Farmers’ perception of changes in temperature and drought.
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3.3. Effects of Climate Change on Agriculture and Livelihood

Climate change is having an effect on agriculture and livelihood. Table 1 shows that only 15% of
the respondents disagreed that climate change led to crop/livestock infestation and diseases, while
65.83% strongly agreed with the assertion. The findings also revealed that 33.8% of the farmers
reported that climate change is responsible for the increase in land degradation, while only 18.33%
disagreed. It is therefore not surprising that their strategies are based on pest and disease control and
land management.

Of the respondents, 87.5% reported that climate change led to a decrease in crop yields.
In addition, 90% of the respondents claimed that increased food costs are an effect of climate change.
The implication could be that the respondents developed strategies to improve productivity of food or
to secure income in the study area.

Almost 46% of smallholder farmers disagree that climate change has led to rural–urban migration
while 17.5% were neutral.

Table 1. Distribution of respondents by perceived effect of climate change (n = 120).

Farmers’ Perception of Climate Change Effect Frequency Percentage (%)

Increased crop/livestock pests and diseases
Strongly agreed 79 65.8
Agreed 23 19.2
No response 0 0
Disagree 18 15
Strongly disagreed 0 0

Increased land degradation
Strongly agreed 56 46.7
Agreed 31 25.8
No response 11 9.2
Disagree 16 13.3
Strongly disagreed 6 5

Decrease in yields
Strongly agreed 67 55.8
Agreed 38 31.7
No response 2 1.7
Disagree 11 9.2
Strongly disagreed 2 1.7

Increase in food costs
Strongly agreed 51 42.5
Agreed 57 47.5
No response 1 0.8
Disagree 5 4.2
Strongly disagreed 6 5

Increased rural–urban migration
Strongly agreed 13 10.8
Agreed 31 25.8
No response 21 17.5
Disagree 19 15.8
Strongly disagreed 36 30

Source: Survey result.

3.4. Farmers’ Strategies for Adaptation to Climate Variability and Climate Change

Farmers have adopted different strategies to adapt to climate change and climate variability.
Farming is the main occupation for the majority of the sample households. Based on the household
survey data collected from 120 households, 90.8% of farmers had observed changes in climate, while
85% of them reacted to this change. This is important, because, as reported by Mustapha [12],
adaptation to climate change is a process that initially requires farmers to perceive that the climate
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has changed and then identify the necessary adaptations to be implemented. When the respondents
were asked if they have responded through adaptation to reduce the impact of climate change, about
85.0% reported that they are using different adaptation strategies to reduce the negative impact of
climate change. These include: “Crop–livestock diversification and other good practices (mulching,
organic fertilizer),” “Use of improved varieties, chemical fertilizers and pesticides,” “Agroforestry
and perennial plantation (oil palm, orchard, tree species)” and “Diversification of income-generating
activities” (Table 2). Most of respondents (24.2%) used these strategies in combination.

Table 2. Adaptation strategies used by farmers.

Adaptation Strategies Frequency Percentage (%)

No adaptation strategies 17 14.2
Crop–livestock diversification and other good practices (mixed
cropping, crop rotation, mulching, organic fertilizer) 44 36.7

Use of improved varieties, chemical fertilizers and pesticides 46 38.3
Agroforestry and perennial plantation (oil palm, orchard, tree species) 43 35.5
Diversification of income-generating activities 17 14.2

Source: Survey result. Note that a farmer can adopt more than one adaptation strategy.

Crop–livestock diversification (mixed cropping, intercropping and crop rotation) is a common
practice in the Zou Department in general and in the study area in particular. From focus group
discussions with farmers, it was revealed that farmers had a wide knowledge of the advantages of
mixed cropping.

These include: reduction of the effects of adverse weather conditions (drought, erosion, etc.),
slowdown the spread of pests and diseases in the growing season, reduction in input requirements and
increasing of yields. The mixed cropping frequently mentioned by respondents were: maize–cassava,
maize–groundnut, maize–bean, maize–bean–cassava. It should also be noted that farmers associate
these practices with a concern for preserving food and nutritional security of the household. Farmers
are seeking to increase the chances of guaranteeing a minimum of products after harvesting. “If one
fails, the other can succeed,” said the respondents. About 36.7% of respondents used crop–livestock
diversification as an adaptation strategy to reduce the adverse effect of climate change on farm
productivity (Table 2). Some of the respondents also used mulching and organic fertilizers in addition
to crop–livestock diversification. In addition, some farmers have adopted small ruminant and poultry
farming to diversify their sources of income. These livestock are mainly fed with crop residues.

One of the major problems that farmers are facing in the study area is the increase of crop–livestock
pests and diseases. Thus, 38.3% of farmers used improved crop varieties as an adaptation strategy
to reduce the adverse effect of climate change. Farmers used drought tolerant and short maturing
varieties of crops. They also used chemical fertilizers to increase crop productivity and pesticides to
control pests and diseases.

The growing of perennial plants is a practice for supporting farm income. According to the
respondents, these plantations address a concern of securing household income. Oil palm, citrus and
teak trees are the most perennial species cultivated by farmers. This strategy is interesting for the
minimization of agroclimatic risks because arboriculture is a good bulwark against climate change.
It is worth noting that there were also some farmers who practice agroforestry (integrate trees and
crops); and these farmers had a deep knowledge of the benefits of such practice: preventing soil
erosion, reducing losses of water, availability of organic matter and nutrients, reducing the amount of
agricultural insect pests and associated diseases etc. About 35.5% of respondents adopted this strategy
to reduce the adverse effect of climate change on their farm.

The instability of farm incomes in the study area is not negligible. Some households diversify their
income-generating activities to earn additional funds or stabilize their incomes. Generally, they turn to
off-farm activities. Diversification of income-generating activities was used by 14.2% of households to
secure their incomes.
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3.5. Combination of Adaptation Strategies

The adaptation strategies developed by farmers to cope with climate change can be used in
combination. About 24.2% of respondents used these strategies in combination. This section analyzes
how respondents combined agronomic strategies to adapt to climate change. Four kinds of combination
were identified (Table 3).

Table 3. Combination of agronomic strategies.

Adaptation Strategies
Crop–Livestock

Diversification and
Other Good Practices

Use of Improved Varieties,
Chemical Fertilizers and

Pesticides

Agroforestry and
Perennial
Plantation

Crop–livestock diversification
and other good practices 10 5

Use of improved varieties,
chemical fertilizers and

pesticides
2

Agroforestry and perennial
plantation

Mix of three strategies 12

Some combinations may seem contradictory. For example, “Crop–livestock diversification and
other good practices” and “Use of improved varieties, chemical fertilizers and pesticides” or “Use of
improved varieties, chemical fertilizers and pesticides” and “Agroforestry and perennial plantation.”
However, for farmers, each strategy has a specific purpose, although the ultimate and common goal is
adaptation to climate change.

Crop–livestock diversification aims to allow farmers to have various products at harvest and
to minimize losses due to climate change. Indeed, one of the manifestations of climate change is
rainfall disturbance. As this phenomenon has influenced the agricultural calendar, many farmers
do not know which crop to grow on what date. Crop–livestock diversification therefore remains a
way to increase the chances of having produce at the end of the season. This practice, apart from its
agronomic advantages and the fact that it offers a rich and varied landscape during the agricultural
season, contributes to the preservation of food and nutritional security of the household.

Crop–livestock diversification and other good practices (mixed cropping, intercropping and crop
rotation) have the advantage of slowing down the spread of pests and diseases in the growing season,
reducing input requirements and increasing yields. It is therefore questionable why some farmers
combine this practice with the use of chemical fertilizers and pesticides. First, it should be noted that
certain crops, whether in combination or in monoculture, require minimal pesticide application to
ensure production at harvest. This is the case, for example, with cowpea. Because organic pesticides
are not widely known, farmers use chemical pesticides to control pests and diseases. However, doses
are limited. This applies to chemical fertilizers that are sometimes not even used when farmers practice
some crop rotation, especially when maize comes after a leguminous plant. Therefore, it is easier to
understand why farmers combine crop–livestock diversification and the use of chemical fertilizers and
pesticides (and improved varieties).

The growing of fruit species and oil palm is an agricultural income support practice. Because the
perennial species are less sensitive to climatic shocks, they are grown to secure the household income.
Revenues come from the sale of fruit and are more regular than from crops. Some growers, instead of
growing fruit species, prefer forest species (Tectona grandis, Acacia auriculiformis, Eucalyptus sp.). In both
cases, the practice is to grow crops between the rows of perennial plants for the first three to five years.
What is interesting in this practice is that farmers opt for improved varieties, especially for fruit species
and oil palm. These improved varieties have some input requirements. These inputs, especially the
fertilizers that are given to these perennial plants, can benefit the crops that are grown between the
tree rows and vice versa. These practices combine easily with the first two described above.
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3.6. Determinants of Farmers’ Choice of Adaptation Strategies

The binary logit regression results are presented in Table 4. The logistic regression model was
statistically significant (p < 0.05). The model explained 79% (Nagelkerke R2) of the variance in farmers’
decisions to adapt to climate change and correctly classified 93.3% of decisions.

From the binary logit regression results, educational level and farming experience positively and
significantly influence farmers’ decisions to adapt to climate variability. The results indicate that only
the most experienced and well educated are able to define adaptation strategies to climate change
(Table 4).

Table 4. Determinants of the decision to adapt to climate change by farmers.

Explanatory Variables Odds Ratio Std. Err.

Gender 0.485 0.622
Educational level 10.462 ** 10.057

Farming experience 1.442 *** 0.18
Farm size 1.525 0.589

Belonging to farmers’ organization 5.292 6.636
Percentage of farm income 1.009 0.052

Constant 0.001 0.004

Number of respondents = 120
Prob > Chi2 = 0.0000

Log likelihood = −14.765105
Pseudo R2 = 0.7089

% of correct prediction = 93.3%

**, *** = Significant at 5% and 1% level respectively.

The analysis of multinomial logical regression to determine the factors influencing the choice of
farmers to use a particular method of adaptation to climate change revealed that farming experience
and educational level significantly affected the use of different methods of adaptation (Table 5).

• Farming experience: The results indicate that farming experience positively and significantly
affected the choice of all strategies except the diversification of income-generating activities.
The household head is more experienced and is expected to acquire more competence in weather
forecasting. This helps to increase the likelihood of practicing different adaptation strategies to
climate change.

• Educational level: This factor had a positive and strong effect on the dependent variable.
All adaptation strategies are influenced by this factor. This can be explained by the fact that
literate farmers are able to search for information and make choices based on their preference and
level of information gathered.

• Gender of household head: The results indicate that being female, as a household head, increases
the chance to choose diversification of income-generating activities as adaptation to climate
change. The possible reason is that much of the farming activities are done by men, while women
are more involved in processing or off-farm activities like trade.

• Farm size: Farm size had a positive and significant impact on multiple coping strategies. The larger
the farm, the more farmers opted for the combination of several coping strategies: agroforestry
and perennial plantation, crop–livestock diversification, improved varieties etc.

This model has limitations due to the choice of questions and the data, which induces the
explaining variables. The choice of the data collected is based on the state of the art in the literature
and on our empirical knowledge of the geographical and socioeconomic context of the country and the
precise region. Our research could have explored further possible variables if more time and human
resources were available. In particular, a round of preliminary exploratory qualitative interviews
would have allowed screening for new items to search and collect as explanatory variables.
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Table 5. Determinants of a farmer’s choice to use a specific climate change adaptation strategy.

Explanatory
Variables

Crop–Livestock
Diversification and Other

Good Practices

Use of Improved Varieties,
Chemical Fertilizers and

Pesticides

Agroforestry and Perennial
Plantation

Diversification of
Income-Generating

Activities
Multiple Coping Strategies

B (coef) Sig (p-value) B (coef) Sig (p-value) B (coef) Sig (P-value) B (coef) Sig (P-value) Sig (P-value) Sig (P-value)
Farming

experience 0.314 0.006 * 0.328 0.004 * 0.384 0.001 * 0.020 0.892 0.331 0.004 *

Farm size −0.002 0.996 0.232 0.564 0.603 0.139 0.696 0.103 ** 0.888 0.030 *
Percentage of
farm income −0.055 0.257 -0.004 0.927 -0.014 0.771 0.052 0.324 0.001 0.986

Educational level 2.009 0.019 * 2.300 0.007 * 2.211 0.010 * 1.755 0.040 * 2.249 0.009 *
Gender −1.687 0.215 −1.688 0.241 −2.041 0.189 4.203 0.035 * −1.577 0.304

Belonging to
farmers’

organization
−0.183 0.877 −0.920 0.462 −1.607 0.230 −3.345 0.072 ** −0.853 0.502

Base category No adaptation
Number of
observation 120

LR Chi2 148.526
Log likelihood −135.602

Prob > Chi2 0

* and ** significant at 5% and 10% probability level, respectively.
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4. Discussion

4.1. Farmers’ Perceptions of and Adaptation Strategies to Climate Change

The results of this study on the perceptions and adaptation strategies of farmers in the Zou
Department of Benin show that farmers are well aware of climate change, as more than 90% of farmers
interviewed perceived a change in the climate. Several studies in Africa [5,6,12,20,21,24] and around
the world have already yielded similar results. The main changes observed are: rainfall disturbances
(rainfall delays, early cessation, bad rainfall distribution etc.), shortening of the small dry season,
increasing temperature, sometimes violent winds and other extreme events such as floods. The same
perceptions have been reported from several studies in Benin [6,17,25], Niger [15], Nigeria [12,26] and
Kenya [16].

The shortening of the small rainy season has a real impact on cropping systems in the study area.
Indeed, this short dry season allows farmers to dry harvests from the great rainy season. However, this
shortening of the small dry season poses a real problem for conservation of cereals and leguminous
plants from the great rainy season. This phenomenon has led farmers to rethink their cropping systems
(choice of crops, choice of varieties according to the length of their cycle, crop management, etc.).
A similar situation in Tanzania and Senegal has been reported [27].

The majority of farmers who have perceived (90.8% of respondents) climate change have
developed an adaptation strategy (85% of respondents). This is contrary to the findings of
Fosu-Mensah [21] who showed that only a few farmers have developed adaptation strategies.
Two hypotheses could explain this difference. First, this difference could be due to the socioeconomic
characteristics of the respondents. The more experienced or literate farmers are, the better they
adopt climate change adaptation strategies. Unfortunately, Fosu-Mensah [21] did not present the
socioeconomic characteristics of his respondents in his article so that we can analyze the differences.

The second hypothesis that seems to be most likely is that there is now enough communication
and training on climate change adaptation strategies, so farmers have begun to adopt these strategies.
Indeed, Fosu published his article in 2010. The data have evolved a lot since then.

Comparing the results of this study with those already carried out in Benin, the same trend
emerges but with a clear improvement. In fact, more producers are adopting strategies for adapting to
climate change today.

The main adaptation strategies of farmers identified include “Crop–livestock diversification,”
“Use of improved varieties, chemical fertilizers and pesticides,” “Agroforestry and perennial plantation
(oil palm, orchard, tree species)” and “Diversification of income-generating activities.” Similar findings
were reported by several authors [15,16,28]. The various strategies adopted by farmers showed that
they are seeking to strengthen their farming systems through agrobiodiversity. Whatever the choice,
the farmers aim to ensure a minimum harvest for their own food security. This is why maize (most
consumed cereal) appears in all mixed cropping in the area. In fact, the yields of the crops grown in
association are often less affected by climatic accidents [27].

The results of factors influencing the choice of a specific adaptation strategy suggest that farming
experience, educational level, gender and farm size are the most significant factors affecting the
adaptation choice of farmers. Farming experience facilitates the identification and implementation
of any adaptation strategy. This finding is in line with previous work [6,22,29]. The educational
level has significantly influenced the choice of all adaptation strategies. This confirmed the results of
Assoumana [15] and Tazeze [22]. According to Kumari [30], educated and experienced farmers are
expected to have more knowledge and information about climate change and the agronomic practices
that they can use in response. Farm size determines the decision to combine multiple strategies to cope
with climate change. This is confirmed by Sani & Chalchisa [29] who reported that large-scale farmers
are more likely to adapt to climate change because they have more capital and resources.
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4.2. Implications of Farmers’ Choices

Farmers’ choices on adoption of given adaptation strategies could have two purposes; either
for expected profit or avoiding risk [16]. All strategies developed by farmers to adapt to climate
change fit into these two purposes. In this section, we analyzed the agroecological implications and
the sustainability of the strategies developed.

The mainstream strategy to cope with climate change is the use of improved variety, chemical
fertilizers and pesticides. However, important studies have revealed the negative impacts of chemical
fertilizers and pesticides (especially the over use) on the environment [30]. Given the increase in
agricultural pests and diseases, some farmers have no choice but must adapt in learning more
sustainable farming practices, like organic farming or integrated pest management, because long-term
effects of high-input agriculture are contamination of soils and water, water scarcity and losses in
biodiversity. According to Kumari [30], they all have direct negative consequences on animal and
human health.

Crop diversification is the practice of cultivating more than one variety of crop belonging to the
same or different species in a given area in the form of rotations and or intercropping. Farmers can
face growing stress from climate change by implementing a diversified agricultural system which may
be a productive way to build resilience into agricultural systems [31]. Crop diversification is perceived
as one of the most ecologically feasible, cost effective and rational ways of reducing uncertainties
in agriculture especially among smallholder farmers [32]. The results of this study show that many
farmers use this method to adapt to climate change. Crop diversification improves soil fertility, controls
for pests and diseases and brings about yield stability, nutrition diversity and health [31,32]. It can
also serve as a superior substitute for the use of chemicals to maintain soil fertility and control pests.
Certain crops in a rotation system, especially pigeon pea and mucuna, are reputed to control weeds
and improve soil fertility [33]. Diversified cropping systems, in general, tend to be more agronomically
stable and resilient [31,32]. In addition, several studies have shown that crop diversification, especially
in food crops, has positive effects on children’s nutrition [34,35].

Another major strategy is agroforestry and perennial plantation. Many studies have shown that
agroforestry may offer many economic and environmental benefits [36–39]. According to Zoysa [39],
agroforestry has an important role in climate change adaptation by enhancing resilience to climate
impacts on farming systems. Torquebiau [40] reported that agroforestry has a double potential to
address climate change issues: greenhouse gas mitigation strategy through carbon sequestration and
sustainable adjustment to changing conditions (because agroforestry systems can be called perennial
farming systems). More than an adaptation strategy, agroforestry is a mitigation strategy. Agroforestry
is a landscape-scale approach, thus favors synergy between adaptation and mitigation [40]. Apart
from its socioeconomic benefits [38], agroforestry, through its effects on soil conservation, protection of
biodiversity, carbon sequestration [40,41] is the most sustainable strategy.

4.3. Barriers to Effective Adaptation

Several studies carried out in Africa pointed out many barriers, which challenged the ability of
farmers to adapt to climate change. The main barriers identified are: institutional factors, access to
credit, lack of information and irregularity of extension services [15,29,42].

Juana et al. [42] reported that the institutional factors that influence adoption of new technologies
are access to information via extension services (climate information and production technologies)
and access to credit. According to the same author, farmers who have significant extension contacts
have better chances of being aware of changing climatic conditions as well as adaptation measures
in response to the changes in these conditions. This is confirmed by the findings of Assoumana [15].
Sani & Chalchisa [29] reported that insufficient access to inputs, lack of knowledge about other
adaptation options, no access to water, lack of credit, lack of information about climate change, high
cost of adaptation and insecure property rights were the main climate change adaptation constraints.
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4.4. Influence of Agricultural Policies

The evidence that climate change will adversely affect agriculture in Benin has become a crucial
challenge for sustainable development in the country. This challenge is composed of the likely
impacts on ecosystem services, agricultural production and livelihoods. Generally, losses in the
agriculture sector due to climate change has economy wide consequences, like loss in gross domestic
output, a decline in the income/consumption of the most vulnerable population; hence, a general
deterioration in household welfare [42]. To dampen the adverse consequences of climate change, Benin
agricultural policies, like in Western Africa, have focused on agricultural intensification through the
use of technological packages (improved varieties, diffusion of chemical fertilizers and pesticides,
etc.). In Benin, only the cotton sector has benefited from subsidies (fertilizers and pesticides) from the
state until the decline in its production in the 2000s. Thus, in order for farmers to benefit from the
subsidized input, they were obliged to grow cotton. This put farmers in a precarious situation.

However, after the decline of the Benin cotton sector, agricultural diversification has become a
policy priority. Therefore, several projects and programs have been implemented for that purpose.
Besides this new agricultural diversification policy, improving productivity remains a priority for the
state. To improve farm productivity, extension services provide farmers with information on the use of
certified improved seeds, chemical fertilizers and pesticides. The overall cost of implementing such
advice in the case of maize, for example, is so high that a poor harvest would be catastrophic for a
farmer and his family.

However, for a farming family, the goal is not necessarily to have the best yields but rather to
generate sufficient income that will support the family needs [27].

In the interviews conducted for our research, some farmers were clearly seeking a certain balance
between extension service advice and their know-how. Others were downright reluctant to adopt
technology packages.

On the other hand, many of the health impacts of food systems trace back to specific industrial food
and farming practices, e.g. intensive livestock production and chemical-intensive agriculture [43]. In this
context, diversified, agroecological systems refer to a model based on diversifying farms and farming
landscapes, replacing chemical inputs with organic matter, optimizing biodiversity and stimulating
interactions between different species, as part of holistic strategies to build long-term fertility, healthy
agroecosystems and secure livelihoods [43]. This approach has major advantages and can provide
strong and stable yields, health-promoting food and farming systems, environmental resilience and
secure farming livelihoods, thereby succeeding where current food systems are failing [43].

Indeed, agriculture has to simultaneously address three intertwined challenges: ensuring food
security through increased productivity and income, adapting to climate change and contributing to
climate change mitigation. To address these challenges, food systems have to become, at the same
time, more efficient and resilient, at every scale from the farm to the global level [44]. It is precisely to
articulate these changes that the Food and Agriculture Organization (FAO) has forged the concept of
climate-smart agriculture (CSA). CSA is “agriculture that sustainably increases productivity, enhances
resilience (adaptation), reduces/removes greenhouse gas (GHG)s (mitigation) where possible and
enhances achievement of national food security and development goals” [44,45]. In Benin, agricultural
sectors must become climate-smart to successfully tackle current food security and climate change
challenges. CSA contributes to food security, by addressing different aspects of current and projected
climate change impacts through adaptation and mitigation actions. While agriculture contributes
significantly to climate change, it also provides opportunities for adapting to and mitigating, climate
change effects [44,45]. In addition, the FAO is conducting several actions for agroecology around the
world and in sub-Saharan Africa in particular. As a set of practices, agroecology seeks sustainable
farming systems that optimize and stabilize yields. It is an approach that will help address the challenge
of ending hunger and malnutrition in all its forms in the context of climate change adaptation.

It is in this context that the FAO organized the first international symposium on agroecology in
2014 and five regional symposiums that took place between 2015 and 2016; and provided a space for
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discussion and the opportunity to share experiences, build a consistent database of agroecological
initiatives. To bring agroecology on a larger scale, in April 2018 the FAO will host the second
FAO International Symposium on Agroecology: Agroecology for Sustainable Development Goals
(SDGs)—scaling up.

5. Conclusions

This study revealed that farmers in the Zou Department are well aware of climate change
and have a good perception of both its effects and impacts on agricultural production. Thus, they
have adopted different strategies to adapt to these changes. The main adaptation strategies of
farmers identified include “Crop–livestock diversification,” “Use of improved varieties, chemical
fertilizers and pesticides,” “Agroforestry and perennial plantation (oil palm, orchard, tree species)”
and “Diversification of income-generating activities.” Several factors such as farming experience,
educational level, farm size and gender determine the choice of adaptation strategy. However, there
are some barriers which challenged the ability of farmers to cope with climate change.

This paper also showed that a farmer’s ability to adapt to climate change depends on his
perception of the phenomenon, the need to provide solutions and the opportunities, which are
given to him.

These findings have public policy implications. Governments should include climate change
adaptation policies in their development agenda. The findings of this study should help policymakers
to better think and plan agricultural policies in terms of adaptation to climate change. Indeed, choices
made in terms of public policies can be decisive. Some agricultural policies may exacerbate the impact
of climate change, while others may be effective in increasing and securing farmers’ incomes [27]. The
design and implementation of any climate change policy requires adequate knowledge about the level
of vulnerability, the existing knowledge the population has about the risks they are exposed to, the
adaptation practices adopted, the existing capacity to adapt and the perceived barriers to adaptation [42].
This study provides evidence to agree with the conclusion of Cochet et al. [27], that, to be effective,
agricultural policies in terms of adaptation to climate change should integrate at the same time:

• Equitable access to the means of production;
• Dissemination of technical levers to increase yields per hectare for the greatest number;
• Sufficiently stable and remunerative levels of agricultural prices;
• An endogenous growth strategy, initially favoring food sovereignty driven by family farming.
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