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The resilience capacity of smallholder households is one of the main drivers of their ability to continue to farm and make investments in the fragile dryland regions. This paper aims to assess the resilience profile of smallholder farmers in the face of climate change and the factors influencing it in three dryland sub-regions of Senegal, namely, Louga, Kaffrine, and Thies. We developed a composite index of climate resilience (CICR) using data on farmers' perceptions of climate variability and their perceived ability to withstand, adapt, and bounce back in the event of climatic shocks. Drought, strong winds, and soil fertility decline because of climate change emerged as the main climate hazards impacting smallholder farming systems. The CICR value ranged from −2 for the most vulnerable households to +2 for the most resilient households. On average, all the households were found to be vulnerable, with an average CICR value of −0.2. The LOUGA region was the most vulnerable, with an average CICR value of −0.36, followed by THIES (-0.2). The KAFFRINE region was relatively less vulnerable, with a CICR value of −0.1. Ordered logit model estimates show that the chances of improving CICR decrease with the increase of the household head's age until 59 years. Access to training on climate-smart agricultural (CSA) practices and climate information appeared to have the potential to increase by 171% the chance of the household improving its resilience status. Analysis also shows that one more woman working off-farm or in-home gardening has the potential to multiply by four times the chances of households being more resilient. This highlights the importance of empowering women to enhance household resilience to climate change. The off-farm revenue increased the chance to improve the resilience status of the farm household by 62% and the receipt of transfer revenue by 50%. This study provides a robust method for quantifying resilience or wellbeing and its drivers and enriches our understanding of the resilience ability of farmers to climate change in a West African context. It can be useful in designing effective adaptation interventions and improving the overall wellbeing of smallholder farmers.
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Introduction

Drylands in developing countries account for 40% of the world's total land area and are home to 2.3 billion people, the majority of whom are dependent on agriculture UN, 2010-2020; Manap and Ismail, 2017. The growing frequency of droughts, floods, and various other forms of climatic variability is resulting in drastic adverse impacts on agricultural productivity, farm incomes, and food security in these regions (Battisti and Naylor, 2009; FAO, 2016). These phenomena destabilize the agro-ecosystems and livelihoods of millions of people, mainly in rural areas where survival depends essentially on rain-fed agriculture. Asset poverty, poor infrastructure, non-sustainable use of land and water resources, market risk, conflicts, inequities, and governance challenges particularly make the agricultural systems in Sub-Saharan Africa more vulnerable to climate change (Margaglio and Anna, 2019). The long-term adaptation strategy for agriculture depends on addressing similar issues in the short term too, recognizing the fundamental truth that adaptation is a location-specific and continuous learning process (FAO, 2008; Thornton et al., 2021). Adaptation strategies must, therefore, contribute to current development priorities, reduce vulnerability, and be in line with the shorter planning horizons of farmers. The resilience capacity of smallholder households is one of the main drivers of their ability to adapt to climate change, continue to farm, and make investments in fragile dryland regions (Oddsdóttir et al., 2013; Nébié et al., 2021).

Several development and research initiatives at local, national, and regional scales have been implemented in the sub-Saharan Africa region, aiming to contribute to building the resilience of communities and farmers and, consequently, reducing their vulnerability to climate change. Among these, a few to mention are CCAFS (Climate Change Agriculture and Food Security), USAID Feed the Future, CINSERE, CGIAR-ClimBer, and AICCRA (Accelerating the Impact of CGIAR Climate Research in Africa). During the one-decade implementation of CCAFS, climate-smart villages developed in the Kaffrine region to reach an in-depth integration between agricultural development and climate adaptation. This involved the use of climate information services and climate-smart agriculture technologies using an inclusive approach that put farmers at the heart of the process (Diaye et al., 2013; Sanogo et al., 2016; Sall et al., 2021). Currently, AICCRA is a major project supporting the scaling of climate-smart agriculture (CSA) solutions and climate information services (CIS) in six African countries, including Senegal, Mali, Ghana, Kenya, Ethiopia, and Zambia. In Senegal, the project covers the dryland regions of Kaffrine, Louga, and Thies which have been chosen because of their representativeness of the three major agro-ecological areas of Senegal (Peanut Bassin, Sylvo-pastoral area, and Niayes area) (Kumar et al., 2022). The major aim of CIS and CSA solutions and interventions promoted in Africa and other dryland regions has been to enhance resilience and adaptation of the farming systems and the farm households, along with mitigation co-benefits (Cowie et al., 2011).

Vulnerability and resilience are two complex and interrelated concepts in climate change research. Vulnerability focuses on exposure, sensitivity, and adaptive capacity before the natural shock takes place (pre-shock). On the other hand, resilience focuses on the dynamics of households and communities to respond to and recover from natural shocks (post-shock; Joakim et al., 2021). Developing an adequate measure of both vulnerability and resilience is therefore critical in supporting adaptation strategies that reduce the impact of climatic change and variability among smallholder farmers (Kumar et al., 2020). However, no systematic effort has been made to quantify the level of resilience of the targeted population to climate change and what the key determinants of resilience are at the household level. This information gap constrains the stakeholders and limits their ability to design context-specific and effective climate adaptation strategies as well as measure the changes they are achieving in terms of improving resilience while reducing vulnerability.

Therefore, the objective of this paper was to assess the level of farm households' resilience to climate change based on farmers' perceptions and to study the socio-demographic, technical, and economic factors that influence the level of households' vulnerability and resilience. Specifically, we aimed to:

- Estimate the resilience level of farm households by constructing a Composite Index of Climate Resilience (CICR);

- Analyze determinants of household vulnerability and resilience, considering various socio-demographic, technical, and economic characteristics of smallholders.


Defining and measuring resilience and vulnerability

Literature reports different types of measures of resilience that differ from each other in terms of composition, geographical scope, and/or scale of analysis, for example, at the individual, community, or regional scale. A few examples of measuring resilience are individual resilience, community resilience, engineering resilience, ecological resilience, resilience in the face of a threat, resilience to disasters, psychological resilience, economic resilience, and resilience of livelihoods (Holling, 1973; Renschler et al., 2010; Winderl, 2014; Platt et al., 2016; Jones and Tanner, 2017; Giannini et al., 2021). However, the basic definition of this term is attributed to Holling (1973) in the ecological field. It is “the persistence of relationships within a system and is a measure of the ability of these systems to absorb changes of state variables, driving variables, and parameters, and persist.” He associates the term resilience with stability, which he defines as the ability of a system to return to an equilibrium state after a temporary disturbance. The more rapidly it returns and with the least fluctuation, the more stable it is. According to this definition, the ability is intrinsic to the system and comes before the disturbance. This ability will only be tested if a disturbance occurs. However, the system might not just return to its initial state following the disturbance but can change state, taking a better position for an upcoming disturbance. From this perspective, Renschler et al. (2010) conclude that resilience needs to be measured based on the initial state, and they propose a framework to define and measure resilience: the “PEOPLES” framework at the community level. This framework explicitly highlights the multidimensional nature of the resilience concept but also provides a detailed description of the process of resilience. When an extreme event occurs, there is a response from the elements of the system to recover and attenuate the effects of the shock until returning to the pre-shock situation or to a similar situation. Finally, resilience is often characterized as being composed of different processes and functions, such as iterative learning, access to knowledge, or the promotion of innovation (Jones and Boyd, 2011; Bene et al., 2015). On the other hand, the concept of vulnerability, just as abstract as resilience, tends to be understood in opposition to the latter. According to the Intergovernmental Panel on Climate Change (IPCC), it's the degree to which a system is susceptible to and unable to cope with the adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity (Malone, 2009). Lonescu et al. (2009) argue that defining vulnerability requires clearly stating three components: the entity that is vulnerable (the system), the stimulus to which it is vulnerable (the hazard), and the measure of the outcome of interactions between the entity and the stimulus (the valued attribute). To these three components, Fuessel (2005) added a temporal reference, which is the time period of reference for exposure.

Most of the approaches provided by the literature for measuring resilience and vulnerability are based on the construction of an index accounting in its design for many dimensions of vulnerability or resilience. The difference between the various indices lies in their purpose and the methodological approach used. Choices are made in terms of what indicator represents which dimension of the index. Then the indicators are combined using a weighted average. The weights provide the contribution of each dimension to the overall index value and are determined either by experts, as the result of a participatory exercise, a combination of both, or using the so-called objective approaches. The latter include deriving weights from a factor analysis or from econometric modeling.

The literature also tends to categorize indices as either built using objective approaches or subjective approaches. These approaches consider several socioeconomic variables, including income and social capital, to construct an index that requires the least possible judgment of the unit to which the measurement relates. Among the advantages of such approaches is the standardized and fixed nature of the measurement, which facilitates comparison. However, these require the collection of significant socio-economic data, which is costly in time and money. The choice of indicators to capture qualitative and intangible components of resilience is difficult, and it is also difficult to account for contextual elements (Ahern et al., 2006; Cutter et al., 2010; Clare et al., 2017). Subjective approaches to measuring resilience have emerged only recently. In its guide to the subjective measurement of wellbeing, the OECD mentions that there is a lot of recent evidence supporting the idea that subjective approaches to measuring wellbeing are valid, reliable, and can serve as a basis to help make policy decisions (OECD, 2013). Resilience falls well into this literature of wellbeing. Among the advantages of subjective approaches to resilience measurement is that they consider individuals' capacities to cope with the risks they face. It is a simple and robust way of measuring resilience, and the modules devoted to it in surveys are generally short and take little time to administer. Furthermore, subjective measures contribute to a better understanding of the drivers of wellbeing at the individual level. They put aside what one may believe about what wellbeing is supposed to be and concentrate only on the individual's self-assessment of his situation (Diener et al., 1985; Hoffman and Hancock, 2017). However, contrary to some objective measures like revenue, special care is needed to limit cognitive biases. This care should be oriented toward aspects like the question phrasing, the types of responses, the order of the questions, the survey mode, and context (OECD, 2013).

From an empirical point of view, Oriangi et al. (2019) studied for Uganda in the commune of Mbale the socio-economic-demographic determinants that contribute to the resilience of households to climatic hazards. They found that the ability of households to cover their daily expenses, the size of the household, and the social network of households largely determine their ability to prepare for shocks, cope with them, and adapt specifically to risks such as drought and erratic rainfall. From a methodological point of view, these authors used as indicators of resilience the answers (with the choice of answers: “probable” or “not probable”) to three different questions: “To what extent is the household able to prepare, recover, and adapt or change their source of income when faced with a long drought or erratic rainfall?” Each of these answers is then used in an individual linear model for the study of the determinants. This approach is quite like one of the approaches suggested by Jones and Tanner (2017), which includes several dimensions of resilience, in particular: the capacity to prepare for the shock, the capacity to cope with it when it occurs, and the ability to adapt and build a normal life around the effects of the shock. More specifically, Jones and Tanner (2017) define resilience as the ability of households to manage change by maintaining or transforming living standards in the face of shocks related to weather or climate events without compromising their long-term prospects. These authors opted for a subjective measurement of household resilience to climate change. Finally, subjective resilience is a self-assessment that the household makes of its own situation and of its ability to cope with and adapt to the risks.




Methodology

The focus of this paper was resilience to climate risk in agriculture. First, we have done descriptive and inferential analysis to understand the characteristics of farm households as well as their vulnerability profile. Second, we formulated upstream questions that were asked to the respondents to capture various dimensions of the concept and construct resilience indicators. After reviewing the advantages and disadvantages of the different ways of asking questions to assess subjective resilience, it emerged that one of the least error-prone approaches was to ask a series of questions related to aspects known to affect disaster resilience. Resilience here covers the ability to cope with risk, to adapt, and to transform as defined by Folke et al. (2002), but also the ability to prepare before the risk occurs, while vulnerability refers to the inability to achieve the same. The basic resilience framework has been shown schematically in Figure 1 and builds on the works of Oriangi et al. (2020) in Uganda, who also proposed a set of binary questions (likely and unlikely as possible answers).


[image: Figure 1]
FIGURE 1
 Steps of resilience-building mechanisms.


R0 to R3 steps represent the different components of the resilience-building mechanism. Before the occurrence of climate shocks, building household resilience consists of preparing (R0), which requires being proactive. Good preparation is supposed to mitigate the impacts of the shock. The shock comes and tests the ability of the household to cope (R1), which is a set of short-term measures and actions to be taken. After coping with the shock, the household should then be able to adapt (R2) to the new situation resulting from the shock. The final step is the transformative ability of the households, allowing them to innovate and find a new equilibrium state. Building on this framework, Table 1 lists five (05) questions (Q1–Q5), each of which lies in at least one component of the resilience measuring framework. The word “shock” designates one of the shocks: drought or scarcity of rain; the problem of declining soil fertility due to climate variability; high winds/dust storms. The household is the system being exposed to shocks. For each question, households were asked to express to what extent they agree with the statements according to the following response categories: “Totally agree” (2), “Partially agree” (1), “Don't know” (0), “Slightly disagree” (−1), and “Totally disagree” (−2). For example, the first question will allow for assessing the perception of the household with respect to dimension R1 (ability to cope).


TABLE 1 Summary statistics on the CICR.

[image: Table 1]

The aggregation is done by a linear combination of the answers to each question for each of the shocks. The value of the indicator for the household “i” is then given by the formula:

[image: image]

With:

- CICR computes a Composite Index of Climate Resilience values, which are between −1 and 1;

- [image: image] the value of the response given by the i-th household for the j-th question on the k-th climate shock of the indicator, verifying: −2 < Ik < 2;

- 0 < αk < 1 and [image: image], the relative importance of k-th shock.

In this study, K equals 3 and refers to the three climate risks that we considered: drought, declining soil fertility due to climate variability, and violent winds/dust storms. These three shocks turned out to be the most frequent shocks experienced by surveyed farm households. The weights αk are computed as [image: image], fk being the frequency of occurrences of the kth shock in the population and f the sum of fk over k. For the analysis of resilience and its determinants, the values of the CICR were used to build four classes of resilience separated by quartiles. Building on this as a dependent variable, we built a generalized ordered logistic regression, particularly the partial proportional odds (PPO) model for ordinal dependent variables developed by Williams (2006), to analyze the determinants of resilience. First, this model has been chosen within the available ordered logistic regressions used when the dependent variable is an ordered categorical variable. This choice is secondarily the result of a model selection process starting with the parallel lines model, whose assumptions did not hold (parallel lines). The PPO model offers the advantage of allowing for different sets of predictors to have varying effects on different thresholds of ordinal dependent variables, providing a better understanding of the relationship between variables.


Study area and data

This study was conducted in the intervention area of the AICCRA-SENEGAL project. The sample covered 18 villages in the regions of Kaffrine, Louga, and Thiès (see Figure 2). This AICCRA intervention area in Senegal was chosen for two reasons, namely, coverage of three agro-ecological zones and then in each zone, building on the achievements of previous projects. On this basis, three central villages were first chosen: Daga Birame in Kaffrine, Thiel in Louga, and Meouane in Thies. The other villages were then chosen around these three villages.


[image: Figure 2]
FIGURE 2
 AICCRA-SENEGAL intervention area.


The data collected during the project's baseline survey conducted in June 2022 on 503 households was used for this resilience assessment study. Besides the data on resilience indicators, the exogenous variables included the Head of Household (HH)'s age and squared HH's age; diversification through cowpea, watermelon, and cattle ownership; the number of household members under 12 years old (<12 years old); the number of females engaged in agriculture; and the number of females engaged in home gardening, household's off-farm income including income transfers, ownership of assets such as television, smartphone, thresher, hoe, “charette” (horse cart), seeder, literacy and education of household members, access to training on climate smart agriculture and climate information services, the region of residence, whether the household practice livestock fattening.




Results


Resilience status of smallholder households

The studied farm households were evenly distributed throughout the three dryland regions of Senegal covered by AICCRA, with more than 95% of households headed by men. Agriculture was the main activity for 84% of households, followed by livestock husbandry, which was practiced by at least 36% of households. On average, the age of the household head was 53 years, which indicates an aging trend among the farmers. In terms of climate risk perceptions, households were aware of the increased frequency of climatic extremes and climate change and its effects (90%). The climate risks and shocks perceived by the farm households are summarized below in Figure 3.


[image: Figure 3]
FIGURE 3
 Farmers perceptions of climate change and its effects.



[image: Table 6]

The drought, scarcity of rain, and declining soil fertility due to climate extremes were the two most frequent risks perceived by 96% of surveyed smallholder households. These two elements are indeed critical for households' livelihoods as their main crops, namely, millet, sorghum, groundnuts, and cowpea, are rain-fed. The effects of climate change (climate extremes) were observed mainly due to the longer dry spells during the rainy season, the shorter rainy season, and the fewer number of rainy days, all of which affected the plants' survival, growth, and yield. In certain years, even when there was enough rain, the land degradation and declining soil fertility were perceived to be a big challenge as the soils were getting poorer from year to year. Extreme rainfall events also lead to soil nitrogen leaching. The use of fertilizers becomes a necessity, and that results in additional costs. The increasing frequency of strong winds, dust, and storms was another related factor mentioned by 90% of households. Other shocks include occasional sudden flooding and increased occurrences of pest attacks, bovine disease outbreaks, and lighting.

Building on the three most important climate-related shocks and vulnerabilities, we designed the Composite Index of Climate Resilience (CICR) using the six (O6) questions mentioned in the methodology. Overall, the households studied were found to be vulnerable and achieved a low CICR score of −0.2 on a scale of −2 to +2. As indicated in Figure 4, the region of Louga was highly vulnerable and lowest on resilience, with a CICR value of −0.36, far less than the average value. Conversely, the two other regions have a lesser level of vulnerability to climate change.


[image: Figure 4]
FIGURE 4
 CICR index value by region.


The analysis of the CICR quartiles also shows that one household out of four has a level below −0.84; half of the households are below −0.23; and three households out of four are below 0.45 (see Table 1).

Using the quartile values (Q25, Q50, and Q75) as thresholds, we created four classes of resilience derived from the CICR, which are very vulnerable (25% of the population with the lowest level of resilience), vulnerable (added to the “very vulnerable” class, which gives 50% of the population with the lowest level of resilience), resilient (added to the “very resilient” class, which gives the 50% most resilient), and very resilient (25% of the population with the highest level of resilience). As a next step, smallholder households were distributed among different categories of resilience. Figure 5 presents the distribution of households across four classes of resilience and by region. The observation in the figure is consistent with the conclusions drawn from the previous figure.


[image: Figure 5]
FIGURE 5
 Distribution of farm households by their resilience level across regions.


The Kaffrine region was found to be relatively more resilient to climate change, with about 67% of its households being resilient or highly resilient.

Though the Thies region was the second best, with 43% of farm households as resilient, it had the relatively highest proportion of households among the three regions as highly resilient. That may present an opportunity for cross-learning among the farmers. Louga region, with 62% of households as vulnerable, remains the least resilient.



Variable selection as a determinant of resilience

Based on focus group discussions (FGDs) with farmers and other stakeholders, a number of socio-economic-demographic farming system-level variables were identified to be included in the logistic regression as potential drivers of household resilience. The different variables included in the model are summarized in Table 2.




TABLE 2 Summary statistics of the variables of the models.

[image: Table 2]



Model diagnostics

The model was found to be globally significant, with an overall R-squared of 16.5%. The McFadden R2 for the individual model components was 24, 20, and 18% for very vulnerable, vulnerable, and resilient household categories, respectively, which are signs of a good logistic model. The rate of good prediction (Count R2) ranged from 74 to 81%, showing that the right category is successfully predicted by the model 7–8 times out of 10.

We conducted a specification test results of which are summarized in Tables 3, 4. Without any surprise, “_hat” coefficients were all significant, which contains the information predicted by our model. As for “_hatsq” coefficients, their non-significance confirmed a good specification of our ordinal logistic regressions.


TABLE 3 Quality of the model.

[image: Table 3]


TABLE 4 Link test for model specification.

[image: Table 4]

Furthermore, some additional diagnostic tests, such as the ROC curve, sensibility curve, and influentials check, were conducted to further confirm the good quality of the model. As shown in Figure 6 the area under the ROC curve is 82%, 80% and 77% respectively for models 1, 2 and 3, which support the idea of good quality of the model. The sensibility curves present the trade-off between sensibility and specificity. For the different models, the area under the ROC curve (AUC) ranged from 77 to 81%, which means a good predictive quality. Finally, we made sure to reduce, as much as possible, the effect of influential individuals in the early stages of the modeling process. The model is therefore free of the effects of atypical individuals.


[image: Figure 6]
FIGURE 6
 Diagnostics test: ROC curve, sensibility curve, and influentials check.




Determinants of smallholder households' resilience

The logistic regression results show a significant effect of several socio-demographic, economic, gender, and other farming system-related variables on the level of climate resilience of smallholder households (Table 5). Empirically understanding these context-specific drivers is the first step in designing appropriate resilience strategies.


TABLE 5 Logistic coefficients, odd ratios, and variables significance.

[image: Table 5]

The age of household head (HH) appears to have a significantly negative effect on the resilience of smallholders, with a threshold effect at the age of 59 years. This means that the older the HH, the less chance is there for the household to improve its level of resilience, so long as HH's age is <59 years. Beyond this age, it is rather the opposite effect that was observed. Our sample was made up of 30% of HH beyond the age of 59 years. The effect on a household's region of residence depends on its initial level of vulnerability or resilience. Belonging to the LOUGA region rather than KAFFRINE (taken as a reference category) makes it 3.3 times (OR = 0.32) less likely to transit from the extreme vulnerability class to any higher class and three times less likely to transit from any state of vulnerability to resilience. The resilient smallholder households belonging to THIES region compared to KAFFRINE are 1.21 times more likely to become very resilient, but 1.78 times less likely to leave the “very vulnerable” category. In sum, the region of LOUGA seems to possess inherent characteristics that result in increased vulnerability to climate change.

The number of household members (size) significantly and positively affects resilience, regardless of the level of the household on the scale of resilience. One additional member is associated with an increase in the household's chance of improving its resilience to climate change by 5% (OR = 1.05). However, the effect is not the same when the additional member has no activity while at work. Indeed, one such person reduces by 44% the chance to improve resilience (OR = 0.69).

Similarly, one additional person in the household who can read/write will improve resilience by 12%. This variable, being a proxy for the level of education of people in the household, implies that the level of education of the household helps getting out of a situation of vulnerability or improves the resilience of the household.

The household's income from off-farm activities and transfers and the possession of certain assets and equipment were key non-agriculture economic variables that influenced the level of resilience. Receiving income transfers from relatives or friends increases the household's chance of improving its resilience situation by 50% (OR = 1.50). Similarly, having an income outside agricultural activities increased this chance by 62% (OR = 1.62), particularly when households had a level of “resilience” or below. The practice of cattle fattening is a strategy most households in the region adopt to increase their income after selling the cows at festivals.

The ownership of various equipment and gadgets like threshers, and hoes positively impacted resilience, with an effect ranging from +1.48 to +4.04 times increase in the chance of improving the level of household resilience. Conversely, the possession of an Android phone or a horse cart negatively influences the chance of improving the resilience of households.

Variables aiming to capture the influence of gender were included for each household: the number of women practicing agriculture, the number of women engaged in livestock, and the number of women doing gardening. Thus, it appears that having an additional woman practicing agriculture (in strict terms and excluding gardening) reduces by 20% the chance of improving a household's resilience. At the same time, one additional woman practicing market gardening multiplied by 4.19 the chance of the household reaching the category “very resilient.” These two results tend to convey the idea that women should be encouraged to be active in activities other than rain-fed agriculture for an efficient contribution to household resilience to climate change. In our study area, women represent 56% of the individuals doing gardening.

Finally, having at least one member of the household trained in CSA and CIS has a positive and significant impact on resilience at the 1% level of significance. Training a member of the household on CSA/CIS multiplies by 2.71 the chance for the household to move to a better level of resilience, regardless of its initial status.




Discussion

The findings of this study enhance our understanding of the process that strengthens or rather tends to weaken, the perceived level of resilience or vulnerability of smallholder farmers to climate change in the West African context. This study systematically measured and amply demonstrated that the resilience level of the smallholder households to climate change in the dryland regions of Senegal is considerably low. However, the proportion of smallholder households that were resilient substantially varied among the regions, from a low of 38% in Louga to 67% in Kaffrine in between was Thies. The Kaffrine region, during the past decade, has been the place for many interventions around CISs and CSA with the support of CCAFS and other programs. This might have allowed several smallholder farmers to enhance their ability to adapt to climate change through various capacity-building activities and sensitization on climate change to a relatively larger extent than in other regions (Sijmons et al., 2013; Bonilla-Findji et al., 2021).

The positive relationship found between the size of the household and the chance to have a better level of resilience when the additional member is engaged in some economic activity can be attributed to two factors, namely, economic and sociological. First, the household members in rural areas are a workforce for agriculture-related and off-farm activities. Therefore, the growing household's size was positive as long as each additional member contributed to productive activity. Second, three of 14 household members were not close relatives who established a direct social network in the home. The importance of social capital has been emphasized by Ledogar and Fleming (2008), Aldrich and Meyer (2015), Clare et al. (2017), and Carmen et al. (2022). This social capital is closely related and favors regular transfers of revenue from friends and relatives living in cities or abroad to support households in villages.

Training on CSA and CIS, education of household members, income transfer, and ownership of farm machinery (like threshers and hoes) were found to be the key global drivers influencing the climate resilience level of smallholder households. Nevertheless, a few determinants behaved differently for different categories of households; for example, households' women's engagement in home gardening was found to significantly increase the chances of moving the household from a resilient to a highly resilient category. Home gardening not only provided nutritious food to the farm family but also critical cash income for smoothing household consumption and buying farm inputs. However, under this resource-constrained dryland environment, home gardening has a positive effect only if the women of the household have the minimum required assets/inputs like access to water; otherwise, it may increase the vulnerability. Plausibly, home gardening by women in the vulnerable category did not increase the household's resilience. It may be because their poor resource status and inability to access the required infrastructure hindered them from harnessing their advantage.

The ownership of a horse-cart, which the majority of the farmers have, was found to have hurt the resilience of the smallholder household. This would need deeper analysis. Decreasing availability and increasing cost of feed and fodder for the horse, which has limited use for productive purposes, might have increased the transaction cost and made it disadvantageous for several households. Another key variable in the model, “the number of women of the household working in agriculture” had a significant and negative coefficient, suggesting its negative effect on resilience. The decision-making on major crops like millet, groundnuts, and cowpeas remains with the man, and the women just provide their labor. The greater magnitude of women's labor but the unavailability of men for timely decision-making might be affecting the outcomes of dryland crops negatively. This dimension thus needs a deeper gendered analysis.



Conclusion

This study assessed the resilience status of smallholder households in the dryland regions of Senegal, focusing on climate-related risks and factors influencing resilience. Key findings reveal a concerning trend of low resilience among smallholder farmers in the region, with significant variations across different farmers' groups and sub-regions. The smallholder households in the dryland region of Senegal predominantly rely on agriculture as their main source of income, and an aging trend among farmers is evident, with an average household head's age of 53 years. Climate risk perception was high, with 90% of households recognizing the increased frequency of climatic extremes and climate change impacts. Drought and declining soil fertility were the most significant risks, affecting 96% of households, particularly as their main crops are rainfed.

The Composite Index of Climate Resilience (CICR), developed as part of the present study, can be a very useful tool for quickly measuring the resilience status of farming systems. The index indicates that the farm households in the dryland region of Senegal achieved a low CICR score of −0.2 on a scale from −2 to +2 and need immediate context-specific strategies and actions to improve resilience for ensuring food and livelihood security. The study also clearly suggests differentiated climate adaptation strategies across different sub-regions, with the Louga region being the most vulnerable.

The analysis identified determinants that can significantly contribute toward household resilience, such as training farmers on CSA and CIS, education level, income transfer and ownership of farm machinery, and farm women's engagement in home gardening. This calls for enhancing targeted capacity-building efforts on CSA and CIS, along with improved access to scale-appropriate mechanization. Creating options for increased off-farm income and income transfer also needs to be part of the resilience-building strategy. The resilience outcome of certain interventions, such as women's engagement in home gardening, is not straightforward; hence, the introduction of this intervention for the vulnerable category of households might need more infrastructural and knowledge support. The negative effect of a greater number of women engaged in agriculture on resilience suggests a need to empower women, enabling them to actively play their role in farm decision-making and make greater efforts to enhance their capacity to contribute toward farm households' resilience. This suggests that one size does not fit all, and hence there is a need for careful designing of resilience-enhancing interventions.

In summary, this study underscores the urgent need for targeted interventions to enhance the resilience of smallholder farmers in Senegal's dryland regions. These interventions need to consider factors such as access to CSA and CIS, household size, education, income diversification, and gender inclusivity to improve the adaptive capacity of vulnerable communities facing climate change challenges.

The qualitative nature of this composite index of climate resilience constructed based on farmers' perceptions is its limitation to some extent. However, it would be a valuable tool for policy-makers to design resilience-enhancing interventions.
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Q1 If [shock] were to occur next season, my household would be able to fully recover from the damage caused within six (06) months.

RL

Q@ If [shock] were to persist for the next 5 years, my household would have the ability to successfully adapt to the changing threats posed by this
R2,R3 risk, even if it required us to completely change our way of life.

Q3 If [shock] were to occur, my household would have access to sufficient financial resources to ensure that we fully recover from the threats
RL posed by this risk.

Q4 If [shock] were to occur, my household could count on the support of family and friends to ensure that we fully recover from the threats posed
RL by this hazard.

Q5 My household learned a lot from how we handled past episodes of this risk. This knowledge is crucial to successfully dealing with future

RO episodes of [shock].

Q6 If [shock] were imminent, my household would have access to early warning information to ensure we were fully prepared for the threats
RO posed by this hazard.
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Quantitative variables

Variables Mean Std. dev.

Age of household head 53 14 21 99
Household (H) size 14 6.28 1 46
No of household’s women working in 2.03 1.90 0 11
agriculture

No of household’s member with no 1.05 1.68 0 16
economic activity

No of members who can read/write 4.94 346 0 26
No of female engaged in livestock 028 072 0 4
rearing

No of female engaged in home 0.03 023 0 2
gardening

Qualitative variables

Binary variables \[¢}

Diversification through Cowpea 50% 50%
Millet cultivation 6% 94%
Watermelon as a cash crop 92% 8%
Cattle ownership 66% 34%
Animal fattening activity 64% 36%
Non-agriculture income 32% 68%
Receive transfer income 62% 38%
Received training on CSA/CIS 91% 9%
Smartphone ownership 62% 38%
Peanut cultivation 5% 95%
Thresher ownership 95% 5%
Hoe ownership 39% 61%
Seeder ownership 28% 72%
Horse-cart ownership 20% 80%
Television ownership 66% 34%

Millet and peanut were the main crops cultivated by most of the farmers.
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