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Abstract

:

In Sub-Saharan Africa, the recurring erratic and uneven rainfall distribution has resulted in low crop yields, income losses, and low food stock. In response to these climate change challenges, farmers have recourse to several coping strategies to survive. This present paper explores farmers’ perception of climate variability and the coping strategies in use in the Central River Region of The Gambia. The main purpose of this paper is to analyze perceived climate variability and farm level adaptation options in the region. Data were collected from 283 farmhouses through transect walks, quantitative surveys including the use focus group discussions. Data were analyzed using descriptive and inferential statistics. Results revealed that farmers generally perceive an increase in the frequency of extreme weather events and a decrease in the duration of the growing season. With regards to vulnerability and severity, nearly 95% of the respondents considered the dryness as the main threat to their farming activities and perceived its consequences as the most severe. The results equally showed that the perception of changes is linked to the adoption of some adaptation measures among which the preferred were the use of chemical fertilizers (66%), though it is stated to be the most expensive. The Spearman correlation test showed that the use of water conservation techniques is highly correlated with the quality of soil surface structure (p ≤ 0.01) and soil storage capacity (p ≤ 0.01). Findings of this study are of paramount importance in planning and implementing adaptation policies in The Gambia and beyond. To improve farmers’ resilience, drought tolerant crops should be promoted along with climate change and variability awareness campaigns.
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1. Introduction


Change in the global energy budget has been observed and is expected to exhibit natural variations [1]. The recent food crisis in West Africa has revealed that this part of Africa is highly vulnerable to climate variability and change [2]. With heavy reliance on rainfed agriculture, Africa is believed to be one of the most vulnerable continents to climate change [3]. Droughts of the 1970s and 1980s have put the West African Sahel region in the spotlight of environmental and climate change-related research [4]. The Gambia, due to its location at the southern fringe of the Sahara desert where rainfall is irregular and unpredictable, is particularly prone to drought. In The Gambia, agriculture employs approximately 75% of the labor force and contributes to 33% of the GDP. Agriculture is the second largest sector in the economy [5]. However, the recurrent erratic and uneven rainfall distribution in the country has resulted in low crop yield and production, sometimes causing food shortage in the country [6]. In 2006, for instance, it was reported that 46% of rural households fell below the food poverty line [7]. The food shortage continued from 2008 to 2013 following the drastic fall in agricultural production caused by the severe drought crises that affected the country [7]. Smallholder farmers were the most affected due to their high sensitivity and low adaptive capacity [8,9]. Simulation models such as DSSAT(Decision Support System for Agrotechnology Transfer) and APSIM(Agricultural Production Systems sIMulator) showed that agricultural production, especially maize production, was expected to be dramatically reduced by the year 2055 if the current trend of the climate variability is maintained [10].



Farmers’ perception plays a key role in the adoption of innovative technology [11,12]. Perceptions of the evolution of climate variables vary across different climatic zones in Africa [13,14]. A study conducted in southwestern Burkina Faso revealed that farmers’ awareness of the ongoing climate and environment change depends on their experienced historical weather and climate [15]. In Senegal and Kenya, for example, most farmers perceived variations in the frequency of drought events [16]. In the savanna zone of Senegal, farmers associate the effects of climate variability with the occurrence of violent winds and occasional storms [17,18]. In the Central plateau of Burkina Faso, farmers perceived a decrease in the average annual rainfall and the number of heavy rains [4]. In Ghana and Niger, farmers’ perceptions are in line with meteorological data [16]. Different factors affect farmers’ perception and adaptation to climate change [13], including factors that are not related to weather or environment but grounded on local social dynamics and sense-making around them [17]. Factors that influence farmers’ perception may include farm size, access to training, household size, and membership of farmer-based organizations [19]. For instance, flood events are found to have an impact on people’s perception about climate change [20]. In some studies, farmers’ perceptions corroborate observed meteorological data [21,22], whereas others contradict this view [18].



Most studies on farmers’ perception of climate variability compare their findings with empirical meteorological data and, at times, have linked it to the adaptation practices used by farmers (e.g., [23,24]). Little attention has been paid to how farmers perceive their own exposure (vulnerability) to perceived climatic changes and possible losses that result from it (severity). Moreover, few studies have been conducted on farmers’ preferences of the available adaptation measures in terms of cost and effectiveness. Until recently, few studies in this field have been published on The Gambia [9]. Most of these studies such as Jallow et al. [25] and Yaffa [9] did not look at farmers’ perception of climate change as a threat that may increase their own vulnerability. Indeed, most studies focused on the North Bank Region, which is the driest zone of the country. The Central River Region (CRR), which is considered as the “food basket” of The Gambia is a relevant location for this study as it could be an important contribution to the farmers’ resilience building for improved food productivity and poverty alleviation. The present study specifically responds to the questions: (i) what is the farmers’ perceived trend of climate variability? (ii) what are the adaptation measures used by farmers? (iii) what is the linkage between the perceived trend and the use of adaptation measures?




2. Materials and Methods


2.1. The Central River Region (CRR) of The Gambia


The study was conducted in the CRR of The Gambia (Figure 1). The CRR covers about 2894 km2 and is home of 226,000 people with a density of 78 inhabitants per km2. The main activities in the region are livestock husbandry and rice production. With a majority of Fula cattle owners living in CRR, it is estimated that over half of Gambia’s cattle are raised in this region. Fula peoples are Muslim in majority. Other groups in CRR include Mandinka, Jola, Wolof, and Sarahule. The CRR plays an important role for national agriculture and hosts the first ever established agricultural training centers of the country in Fula Bantang and Sapu.




2.2. Data Collection


The study was conducted in purposely selected four districts in the CRR: the Upper Saloum and Niani in CRR North, Niamina East, and Lower Fulladu West in CRR South in order to cover as much geographic diversity as possible, and thus exploring the variability of adaptation measures used in the region. With the assumption that the adaptation measures could vary little within a district, two communities were selected randomly [26] in each district based on a list of the communities per district collected from the Gambia Bureau of Statistics. Households in each community were randomly selected based on the lottery method [27] using the list of household heads provided by the local chief (alkalo).



Three research instruments were used to collect the data: a household survey covering 283 farm households, walk-about interviews along a transect and focus group discussions (FGD). The survey questionnaire, adapted from Karrer [28] had four distinct sections: (a) Perception of the evolution of extreme weather events and climate related factors, (b) Perception of coping strategies, (c) Motivation to protect the farm, and (d) internal multipliers and barriers to proenvironmental behavior, as well as sociodemographic and farm-specific variables.



The walk-about interviews methods, adapted from FAO [29], were used to systematically collect data on adaptation measures used on farms in the study area. The walk was done with two to three lead-farmers following a straight line from the village center to the limit of the farms. The FGDs were conducted in all the eight communities. Referring to Stewart, et al. [30], seven to ten farmers were selected per community in a balanced gender-mixed setting.




2.3. Data Analysis


Out of 285 administrated forms, 283 forms were correctly filled and considered for the data analysis using SPSS. Quantitative data were analyzed using descriptive statistics. The Spearman correlation was performed to find out whether the perception of climate variability plays a significant role in the implementation of the adaptation measures. The inferential statistics, namely, binary logistic regression was performed to further figure out how the implementation of the adaptation measures (e.g., use of chemical fertilizers) is influenced by some perception variables and socio-economic variables. The dependent variables were the perception of the length of the growing season, the perception of the longer period of drought, the farm size, and farm income (Table 1). The method used in the regression was “forward LR”. This method generates the result of four different models in four steps by removing one variable at each step.



Binary logistic regression model:



In the binary logistic regression, the natural logarithm of the odds ratio is equal to a linear function of the independent variables expressed as:


logitPi=ln(Pi|1−Pi)=β0+β1X1



(1)







Using the antilog function followed by some mathematical transformation, the value of Pi (probability of implementation of chemical fertilizers for the ith respondent) is:


Pi=11+e−(β0+β1X1)



(2)







For simplicity purposes, Equation (2) become


Pi=11+e−ZI



(3)




where ZI = function of explanatory variables is expressed as:


ZI=β0+β1X1+β2X2+…+βnXn+ui  



(4)




where: β0 is the constant



β1…βn are regression coefficient; consequently,


Zi=β0+β1(LPODT)+β2(LOGST)+β3(Sodem4)+β4(Sodem5)



(5)







The qualitative data recorded with an audio recorder were first transcribed and written down for subsequent analysis. They were then organized by topics and the main topics were used to back up the results of the quantitative data.





3. Results


3.1. Perceived Trends in Climate Variability


Table 2 shows the percentage of the respondents’ perceived trend of five different variables related to extreme weather and climate events during the past 20 years. In general, the respondents perceive an increase in the heat and storm events and a decrease in the growing period and heavy rain events. About 85% of the interviewed farmers perceived an increase in heat of which nearly 20% perceived a very strong increase. Most of the respondents perceived an increase in storm (77.8%), of which 14.5% stated the storms are getting stronger and stronger. However, farmers perceived a decreasing trend for the variables related to rainfall. For instance, the length of the rainy season is perceived by 70% of the respondent farmers to be shortening. About 79% of the respondents perceive that the number of the heavy rains has reduced during the last 20 years. During the FGDs, one of the participants stated that “Heat from the sun (environment) heats the soil and when both soil and environment heat combine, it affects the crop”. Some respondents mention cutting down trees as well as war in the western world as causes of the observed changes. They went further to explain that trees would signify rainfall and that fewer trees would mean less rainfall.




3.2. Adaptation Measures Used by Farmers


3.2.1. Common Adaptation Measures and Preferences


The transect walks at the beginning of the rainy season revealed various adaptation measures in the eight communities, namely, use of improved crop varieties, crop rotation, water conservation techniques, water diversion, use of natural and chemical fertilizers (Figure 2). In order to identify the most commonly used measures, a synthetic table was produced at the end of the transect walk using the following score: “1” for “practiced” and “0” for “not practiced” within the community. Measures such as the use of improved crop varieties (mainly NERICA for rice and early millet for millet), chemical fertilizers, natural fertilizers (crop residues, compound residues, animal manure), and crop rotation systems got a score of 8, meaning that these adaptation techniques were practiced in all communities of the study area. The mixed farming technique (Most of the time maize and millet) got a score of 4, meaning that it was not widely practiced in the study area. Both the use of water conservation and water diversion systems were practiced in six communities. Water conservation was mainly used in lowlands ecology (rice cultivation in the form of permanent wetting system). In upland ecology, farmers claimed not to use any water conservation system. Therefore, it is not practiced in all the eight communities. Regarding respondents’ preferences in terms of adaptation measures, the improved crop varieties, crop rotation, chemical fertilizers, and natural fertilizers got a score of 6, meaning that most of the respondents stated a very strong preference for those measures. However, the water conservation technique and the water diversion technique got a score of 5. This means that most of the respondents have a strong preference for those two measures. The second quartile (Q2) got a value of 6 for some selected measures such as “use of improved crop varieties”, “use of chemical fertilizers”, and “use of natural fertilizers” while for the others it was 5. This means that by classifying the respondents’ stated preference in the order of preference, in the first 50%, farmers have a very strong preference for those three measures while it is not the case for the others measures.



Among the measures that got Q2 = 6, the use of chemical fertilizers got the highest mean (5.61) and the smallest standard deviation (0.634). Therefore, the use of chemical fertilizers tends to be the stated preferred measure by the respondents since it got the relative highest mean and its values are less spread around the mean as compared to the others measures.




3.2.2. Degree of Implementation of the Adaption Measures


To face the observed changes mentioned above, farmers do implement some adaptation measures. Almost all the common adaptation measures used in the study area were implemented by most of the farmers. The most implemented adaptation measure seems to be the crop rotation technique. In fact, by looking at the scale of “Always implemented”, the crop rotation technique showed the highest frequency (see Figure 2). Water conservation technique seems to be the least implemented since it got the highest frequency when using the scale of “never implemented”. Still using the scale of “always implemented”, the water conservation technique is followed by the use of improved varieties, the use of natural fertilizers, and the use of chemical fertilizers. The use of Chemical fertilizers is ranked third though it is stated by the farmers as the most preferred adaptation measure. The cost might play a role in the implementation of this technique since it is stated as the most expensive one by the farmers.





3.3. Linkage between the Perceived Trend and the Use of Adaptation Measures


The Spearman correlation revealed that the length of the growing season is the only perception variable which is positive and significantly linked to all five adaptation measures (Table 3). The perception of heavy precipitation and soil water storage capacity has positive relationships with the use of chemical fertilizers, water conservation, and water diversion techniques. The perception of the longer precipitation period is positively liked to two adaptation measures, the water conservation technique and water diversion technique. The quality of soil surface structure has positive and statistically significant relationships with the use of water conservation techniques, water diversion, and chemical fertilizers. The use of the chemical fertilizers, which is the most preferred and the most expensive according to the farmers, is only significantly correlated with three perception variables. In the following section, this relationship is further analyzed including some socio-economic variables using a binary logistic regression.



Among the four steps, the model of step four seems to be the most adequate model since this has the highest value of classification and has more significant variables than the others (Table 4). The odds ratio of the longer period of drought (LPODT) is greater than 1 and significant (0.010 < 0.05). This means that farmers who perceive an increase in the longer period of drought rather than a decrease are likely to use the chemical fertilizers on their farms. The odds ratio of longer period of growing season (LOGST) is less than 1 and significant (0.002 < 0.05). It means that farmers who perceive a decrease in the longer period of the growing season are unlikely to implement the chemical fertilizers in their farms. The odds ratio of the farm size (Sodem4) is less than 1 and significant. This means that when the farm size increases, farmers are unlikely to apply chemical fertilizers. In other words, the smaller the farm size, the most likely it is to receive chemical fertilizers. The odds ratio of the annual income (Sodem5) is equal to 1 and significant (0.004 < 0.05). It means that the fertilizers implementation is not sensitive to annual income variation.




3.4. Vulnerability and Coping


3.4.1. Perceived Vulnerability and Coping Capacity


Respondents were asked to state their perception about their own vulnerability (thus their likelihood of being affected by extreme weather events) on a six-point Likert scale from “not at all” to “very likely” and to estimate the associated severity (the losses caused by the occurrence of the extreme weather events) on a six-point Likert scale from “0%” to “more than 45%” (see Table 3). Most of the farmers perceived that they are vulnerable to drought (95.8%). Around 96% of the farmers perceive that their losses are associated with drought, ranging from 10% to above 45%. Most of the respondents (53.7%) disagree to be able to face drought. Farmers perceived that they are vulnerable to heat. The mean values for all the items of vulnerability and severity are above 5 (5 = likely for vulnerability and 5 = 30% to 45% of losses for severity). Around 72% of the respondents perceive that the losses associated with heat waves range from 45% and above. The proportion of farmers who believe that they can withstand flooding (54.4%) is greater than those who think they can withstand a drought (39.9%). Most FDG participants were Muslim and according to them, they tried to face flood although they believe that the last decision belongs to Allah (God). During the FGD, a participant from Sotokoi explained how they respond to flood: “When flood occurs, we plant upland and when the water reduces, we transplant into faros (lowland). In doing so, we save the situation but if God does facilitate, then we cannot save it. We can only pray to God. We can’t give ourselves. It is only God who gives”. However, during drought, the only way to save the crop is to irrigate. However, most farmers do not have access to water for supplementary irrigation and rely on rainfall.




3.4.2. Perceived Cost and Effectiveness of the Adaptation Measures


A frequency table of all the six items was used to discuss the perceived cost of the measures. The frequency of each variable was used to compare the perceived cost (Table 5). By using the scale of ‘very expensive’, the use of chemical fertilizers is ranked first with 66.4%, followed by water conservation techniques (21.9%), water diversion techniques (18.4%), the use of improved varieties (14.8%), use of natural fertilizers (9.9%), and the cheapest one is crop rotation with 7.1%.



Table 6 is also used to classify the measure by looking at the scale of “very effective”. The use of chemical fertilizers (usually NPK) was ranked first by the respondents with a frequency score of 66%, followed by natural fertilizers (51.6%) and use of improved varieties (49.8%). Crop rotation system has a frequency of 46%, with 34% for water diversion system, and 28% for the water conservation system.






4. Discussion


Regarding farmers’ perception of extreme weather events and production factors, the relatively low standard deviation of “heat” clearly indicates that the majority of the respondents have almost the same perception about this event. However, the relatively high standard deviation of “longer precipitation period” and “length of growing season” indicates that the majority of the respondents have different opinions on those parameters. These differences in the perception may be due to the variation of the rainfall distribution across the study area. Farmers‘ perception of rainfall trends is usually linked to their farm yield. Empirical data collected in The Gambia has shown that, in general, precipitation has decreased, the length of the rainy season has decreased, and the frequency of extreme weather events such as drought and dust has increased during the past 50 years [31].



The difference of perceptions may be explained by the fact that farmers‘ perceptions of climate change are linked with their crop–climate interaction knowledge and the production outcomes associated with the new change [32]. Farmers’ perceptions of climate change and variability are consistent with empirical data and findings observed by others authors. Dhanya and Ramachandran [33] found that in India, farmers’ perceptions are in accordance with trend analysis done using meteorological variables. Sanfo et al. [34] found that farmers’ perception is only marginally consistent with empirical weather data in a similar study conducted in Burkina Faso.



The use of chemical fertilizers is revealed to be the farmers’ stated preferred adaptation measure. This is in line with the works from Eguavoen and Wahren [35] who conducted a study on climate change adaptation in the South-West Region of Burkina Faso. A study conducted in Bangladesh on the importance of the adaptation method according to the farmers, ranked irrigation first, which is included in water conservation techniques in this study [36].



Referring to the cost and effectiveness, farmers have stated their preference for the use of improved crop varieties, which was ranked first. However, selecting the use of chemical fertilizers as their preference does not mean that farmers are not rational. For them, the chemical fertilizers should be applied depending on whether you are using improved varieties, practicing crop rotation, using water conservation, and water diversion systems. One bag (50 kg) of chemical fertilizer, if available, can be used for hectares, whereas natural fertilizers require larger quantities of use. Some farmers also mentioned that natural fertilizers sometimes bring about pests and diseases. For them, the chemical fertilizers are the best if a farmer can afford the cost. The only difficulties that farmers encountered with the use of chemical fertilizers are their unavailability, the expense, and the lack of knowledge on when and how to apply it.



Surprisingly, sociodemographic factors such as annual income did not exhibit any statically significant influence on the implementation of chemical fertilizers. Hassan and Nhemachena [37] did not find any significant and clear relationship between gender and adoption of adaptation strategies. A study conducted in the Central-Northern part of Burkina Faso showed that sociodemographic factors are not important in farmers’ adoption of adaptation measures [38]. However, some authors, such as Burton et al. [39], Dolisca et al. [40], found that gender has an influence in farmers’ adoption of natural resource management practices. Our study revealed that smallholder farmers are likely to apply chemical fertilizers than those holding large-scale croplands. When the farm size is big, farmers are not able to cover the whole farm with chemical fertilizers. During the FGD, farmers mentioned that they only apply chemical fertilizers to a portion of their farm or for a specific crop, rather than on the whole farm. Perception variables significantly affect the implementation of chemical fertilizers. Farmers respond to the perceived change. A study conducted in Kenya showed that 85% of farmers responded to climate variability [24] by using irrigation systems, water harvesting, agro-forestry, early maturing, drought- and pest-tolerant crop varieties, and improved livestock marketing. In this study, crop rotation was the most implemented adaptation measure. This can be explained by the fact that the crop rotation system is easy to practice. Regarding vulnerability and severity, respondents considered the dryness as the main threat to their farming activities and perceived its consequences as the most severe in term of losses. Similarly, a study conducted in Ghana found that farmers believe their farms are extremely vulnerable to rainfall and drought variation [35]. Since the mean of withstanding flooding is 3.8, which is less than the mean of withstanding drought (3.3), most of the respondents feel that they can cope with flooding better than drought.



According to the respondents, the crop rotation system is very productive but requires an abundance of land. For most farmers, the land is available; the only difficulty is the clearance of the land. Water conservation was the least implemented. This may be explained by the nondiversification of water conservation techniques. In fact, farmers from the study area claimed during the transect walk to only collect water from the river for their rice field through tidal or pumping systems. They do not harvest or conserve the rainwater for upland fields. Therefore, only places that are close to rivers and not affected by the salt intrusion are suitable for this cropping technique. There is also the cost associated with current water conservation techniques, which is not always affordable for most farmers. The cost was found to be a significant barrier to farmers’ adoption of climate change adaptation measures [41,42]. The correlation analysis showed a significant relationship between some perception variables and farmer-stated implementation of the adaptation measures. The result of the binary logistic regression supports the previous statement. The result further shows that perception variables significantly affect the implementation of chemical fertilizers. Interestingly, it shows that farmers do not apply chemical fertilizers to overcome longer periods of drought or insufficient rainfall. They only apply it when they expect favorable weather conditions so that they will improve their productivity. Similar studies have found that farmers’ perception of climate change can determine their adaptation options [41,43].




5. Conclusions


Farmers in the CRR perceive changes in climate patterns. In general, they perceived an increase in the average annual temperature, extreme weather events such as drought and flood, and a decrease of the annual average precipitation and production factors such as length of growing season and quality of soil structure. Farmers perceived that they are vulnerable to both the evolution of climatic factors and extreme weather events. Drought was perceived by farmers as the most severe in terms of loss associated. Farmers take measures to deal with the changing climate among which the most implemented are the use of chemical fertilizers, natural fertilizers, improved varieties, and crop rotation. The use of chemical fertilizers was stated by farmers as the preferred adaptation measure. Farmers’ perceptions of climate variability are significantly correlated with their adoption of adaptation measures. Some perception variables significantly influence the implementation of chemical fertilizers. The study suggested that policy makers should promote and subsidize the use of natural fertilizers which is not preferred by the farmers but is believed to be environmental friendly. Natural fertilizers should be promoted and be made available through practices such as crop–livestock integration systems. Furthermore, drought-tolerant crops should be made available at affordable prices to farmers. In addition, climate smart agriculture techniques such as the timely production and use of downscaled weather and climate information services (WCIS) should be promoted. Innovative WCIS dissemination channels (e.g., SMS, interactive voice response (IVR), and social media (WhatsApp and Facebook)) must be developed to reach farmers. Furthermore, whether index-based insurance facilities in the cropping system that compensates farmers affected by climate chocks could be explored. The present study has some limitations. The analysis was done globally on the entire selected communities without analyzing differences between the communities. The study further explores the relationship between farmers’ perception of climate change and their stated adaptation measures but did not make use of theories. Future studies should elaborate more on this by using behavioral theories, such as the protection motivation theory, to further analyze the link between perception and implementation variables.
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