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Building resilience to climate-related shocks: farmers’ vulnerability to climate shocks in 

the Niger basin of Benin 

Abstract 

This study assesses the vulnerability of farm-based livelihood systems to climate shocks in 

the Niger basin of Benin.  The indicator approach is used to calculate the vulnerability to 

climate shocks as function of exposure, sensitivity and adaptive capacity and a Classification 

and Regression Tree model is used to assess its meaningfulness. Adaptive capacity is 

decomposed in five sub-components, which are financial capital, physical, institutional 

capital and technology, natural capital, human capital and social capital. The findings 

highlight that the highest vulnerability to climate shocks does not necessarily coincide with 

highest exposure and sensitivity, and lowest adaptive capacity. Social capital is very 

important in building the resilience of farm-based livelihood systems; they rely on it when 

they lack the other kinds of capital. The vulnerability of farm-based livelihoods depends also 

on the nature of climate shocks. The most important climate shocks affecting vulnerability 

are heat waves, droughts, and erratic rainfalls. Forecasts suggest that vulnerability to climate 

shocks will increase, in the absence of adaptation. Building resilience of farm-based 

livelihood systems to climate shocks should be through each of the three components of 

vulnerability, by taking into account the specific adaptation potentialities of the agro-

ecological zones.  

Keywords: Climate shocks; Integrated approach; Niger basin of Benin; Resilience; 

Vulnerability 
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1. Introduction 

Climate change and variability constitutes a serious global environmental issue (Hare et al. 

2011; Vincent and Cull 2014). Thus, the occurrence of climate shocks and extreme climatic 

events such as floods, droughts, strong winds, heat waves, earthquakes, hurricanes is 

widespread. However, it is not easy to attribute any extreme weather event and climate shock 

to a change in the climate, as a wide range of extreme events and climate shocks are expected 

in most region of the world, even under unchanging climate (Intergovernmental Panel on 

Climate Change (IPCC) 2007a). The Fourth Assessment Report (AR4) of the IPCC (IPCC 

2007b) stated that climate shocks will likely compromise agricultural production in many 

African countries and regions, and this could lead to food insecurity and malnutrition 

exacerbation. Indeed, agriculture is a mainstay of the economy in most African countries (it 

represents between 10% and 70% of Gross Domestic Product (GDP), on average 21%), but 

with indications that off-farm revenue augments the overall part of agriculture in some 

countries (IPCC 2007b). Unlike in developed countries, agriculture in most African countries 

is mainly rain-fed, and therefore is subject to climate conditions. For instance, 

Kurukulasuriya et al. (2006) found that agricultural net revenues would fall with more 

warming or drying in Africa. However, the extent to which climate shocks affect agricultural 

production differs across African regions. Roudier et al. (2011) showed that yield impact is 

larger in northern West Africa (Sudano-Sahelian countries) than in the southern part of West 

Africa (Guinean countries). These adverse impacts can lead to the vulnerability of 

agriculture-dependent livelihoods, especially of small-scale farmers (Dixon et al. 2003; IPCC 

2007b).   

Vulnerability to climate shocks can be exacerbated by other shocks such as poverty, unequal 

access to resources, food insecurity, conflict, and incidence of diseases like malaria and Ebola 

fever (IPCC 2007b). Shocks are basically classified in two categories, namely idiosyncratic 

and covariate shocks. Idiosyncratic shocks are specific to each household (e.g. death of the 

principal income earner, chronic illness, injury, etc.) and covariate shocks are widespread in 

the community (e.g. floods, droughts, strong winds, etc.). The combination of climate and 

non-climatic shocks could push farmers into the poverty trap. When caught in the poverty 

trap without any chance of aid [from government, non-governmental organizations (NGOs) 

or other institutions] they can no longer escape from poverty; they are on the other side of the 

Micawber frontier (Carter and Barrett 2006). Therefore, they will remain permanently poor 

and vulnerable to climate shocks. 
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Assessing the vulnerability of farm-based livelihood systems to climate shocks can help 

identify and characterize actions toward strengthening their resilience (Kelly and Adger 

2000; Islam et al. 2014). A large number of papers have been published on vulnerability to 

climate change and variability including climate shocks on fisheries systems (e.g. Islam et al. 

2014), on agricultural livelihoods (e.g. Brooks et al. 2005; Vincent 2007; Shewmake 2008; 

Deressa et al. 2008; Deressa et al. 2009; Sallu et al. 2010; Sissoko et al. 2011; Etwire et al. 

2013; Simane et al. 2014) and on all sectors or other sectors of the economy (e.g. Dixon et al. 

1996; Dixon et al. 2003; Heltberg and Bonch-Osmolovskiy 2011; Dunford et al. 2015). Three 

methods are mainly used by these studies which are econometric method, indicator method 

and simulations. Three major approaches to vulnerability analysis are identified in the 

literature: the socio-economic, biophysical, and integrated approaches (the integrated 

approach combines the socio-economic and biophysical approaches) (Deressa et al. 2008). 

The integrated assessment can be done, either through mapping vulnerability or computing 

indices and may be theory driven or data driven. Vulnerability indicators can be developed at 

country level or smaller units of analysis (Vincent and Cull 2014). However, there are some 

issues with the indicator approach; the weighting issue, sensitivity and uncertainty issue, 

issue relative to the validation of the approach, and future vulnerability issue (Vincent 2007; 

Alinovi et al. 2009; Vincent and Cull 2014).  

The objective of this study is to assess the vulnerability of farmers to climate shocks in the 

Niger basin of Benin, in order to build their resilience to these shocks. The Niger basin of 

Benin is chosen, because (i) this country is located in Africa, which is considered as the most 

vulnerable continent to climate-related shocks (IPCC 2007b); (ii) Benin is moderately to 

highly vulnerable to climate shocks (Brooks et al. 2005); (iii) the agricultural sector employs 

70% of the active population, and contribute 39% to GDP [Ministère de l’Agriculture de 

l’Elevage et de la Pêche (MAEP) 2007]; and (iv) the Niger basin covers 37.74% of Benin. 

This study departs from the previous studies on vulnerability to climate-related shocks, by 

validating the indicator approach through a Classification and Regression Tree (CART) 

model, and by assessing future vulnerability through an econometric analysis.    

2. Vulnerability to climate shocks and its relationship with resilience 

In economic literature vulnerability is defined as the risk of falling into poverty in the future, 

even if the person is not necessarily poor now. It is often related to the effects of shocks such 

as a drought, a drop in farm prices, or a financial crisis (Haughton and Khandker 2009). 
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Vulnerability of farm-based livelihoods to climate shocks can be defined as the degree to 

which a farm-based livelihood system is susceptible to, or unable to cope with, adverse 

effects of climate shocks and extremes (adapted from IPCC 2007b, p. 883). It is a function of 

the character, magnitude, and rate of climate shocks to which a farm-based livelihood system 

is exposed, its sensitivity, and its adaptive capacity (adapted from IPCC 2007b, p. 883).  

Exposure in the IPCC framework has an external dimension, whereas both sensitivity and 

adaptive capacity have an internal dimension (Füssel 2007). Therefore, in order to assess the 

vulnerability of farm-based livelihood systems to climate shocks, it is necessary to 

understand each of the three components of vulnerability. Indeed, exposure in the context of 

this study is the nature and degree to which a farm-based livelihood system is exposed to 

significant climate shocks (adapted from IPCC 2001, p. 987). Exposure indicators 

characterize the frequency of extreme events, scale of land erosion and sea-level rise, and 

changes in temperature and rainfall (Islam et al. 2014). Sensitivity in this study is the degree 

to which a farm-based livelihood system is affected, either adversely or beneficially, by 

climate shocks (adapted from IPCC 2007b, p. 881). Therefore, sensitivity does not mean only 

negative effect, but includes also positive one, because the occurrence of climate shocks may 

be beneficial to some farm-based livelihood systems. Adaptive capacity is the ability of a 

farm-based livelihood system to adjust to climate shocks, to moderate potential damages, to 

take advantage of opportunities, or to cope with the consequences (adapted from IPCC 

2007b, p. 869).   

Vulnerability has a negative connotation. Thus, the analyses include resilience as it is 

becoming influential in development and vulnerability reduction (Béné et al. 2012). 

Resilience is the ability of a farm-based livelihood system to absorb disturbances, while 

retaining the same basic structure and ways of functioning, the capacity for self-organization, 

and the capacity to adapt to climate shocks (adapted from IPCC 2007b, p. 880). It can also be 

defined as the capacity of a farm-based livelihood system to absorb disturbances and 

reorganize, while undergoing change so as to retain essentially the same function, structure, 

identity and feedback (adapted from Resilience Alliance 2010, p. 51).  

There is a relationship between vulnerability and resilience (Schoon 2005; Béné et al. 2012).  

Adaptive capacity, which is one of the three components of vulnerability, is influenced by 

resilience (Klein et al. 2003; Adger 2006). A farm-based livelihood system lacks resilience, 

as it is vulnerable, and is vulnerable due to lack of resilience (Klein et al. 2003). The 
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relationship between vulnerability and resilience is not only through adaptive capacity. An 

important feature of resilience is its consideration of the dynamic aspects of vulnerability, due 

to the fact that resilience refers to the ability of a farm-based livelihood system to return to an 

earlier stable state, after a climate shock (Füssel 2007).  

Analyzing the Resilience Alliance’s definition of vulnerability (http://resalliance.org), Füssel 

(2007) referred to vulnerability as the antonym of resilience. He also argued that the second 

aspect of the Resilience Alliance’s definition of vulnerability seems to be incompatible with 

the first one. Indeed, the second aspect considers vulnerability as function of three factors 

(exposure, sensitivity, and resilience owing to adaptive capacity). Thus, one of the three 

factors of vulnerability is resilience. Therefore, considering resilience as a component of 

vulnerability is incompatible with referring to vulnerability as the antonym of resilience. 

Some scholars, including Adger (2000) also consider vulnerability as the opposite of 

resilience (Schoon 2005). As a farmer can be very poor and unwell, but very resilient, 

resilience alone is not sufficient when referring to climate and development (Béné et al. 

2012). 

3. Methods 

3.1 Study area 

The Niger basin of Benin is located in the extreme north of Benin, more specifically between 

latitudes 11° and 12°30’ North and longitudes 2° and 3°20’40 East and has an area of 43,313 

km2 out of the 114,763 km2 of the country (Fig. 1). It belongs to the watershed of Middle 

Niger. The Niger River is the largest in West Africa (4,200 km of length and a watershed of 

1,125,000 km2). The Niger basin of Benin covers five agro-ecological zones (AEZs) (wholly 

and partially) out of the eight in the country. It belongs to the Soudan savannah zone and 

covers three departments out of the 12 in the countries; Alibori is wholly included in the 

basin, while Borgou and Atacora are only partially included. 

Agriculture is the main activity of households in the basin. They produce for home 

consumption and sell a part of their crops. The production takes place during May and 

November (during the single wet season). Cotton production (Gossypium hirsutum) is their 

main source of cash income. The plantation of trees and shrubs does not occur frequently. 

Young farmers focus on cash and food crops like cotton due to their market advantage, 

whereas older farmers plant oil palms (Elaeis guineensis), teak (Tectona  grandis) and 
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cashew trees (Anacardium occidentale), because they think that these will provide them with 

revenue in their old age (Callo-Concha et al. 2012 citing Igué et al. 2000). 

   

Fig. 1 Map of the Niger basin  

Farmers rely principally on traditional agricultural systems, which are characterized by their 

reliance on labor (mostly family labor) combined with limited use of improved inputs, 

production methods and farm equipment. Animal traction is widespread in Alibori, and 

Borgou due to cattle rearing (Bos Taurus). Cattle are also kept as insurance against 

unexpected need, catastrophe or hardships. Small breeding [sheep (Ovis aries), goats (Capra 

aegagrus hircus), and poultry (Gallus domesticus, Numida meleagris, etc.)] and fisheries are 

also developed in the basin. Though every farm household does not own cattle and plow for 

animal traction, some borrow them from their neighbors, to deal quickly with land 

preparation.  

Pesticides are used more frequently than fertilizers. Pesticide use could be explained by 

cotton production, which requires at least a certain quantity of insecticides. Actually, 75% of 

farmers in Northern Benin use mineral fertilizers, but not for all crops (Callo-Concha et al. 

2012). They use fertilizers mainly for cotton and maize (Zea mays). In addition, farmers 
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resort to manure to improve yield. Moreover, the use of new varieties of seeds is not 

widespread. Irrigation is widespread only in a municipality located at the vicinity of the Niger 

River (Malanville), due to rice (Oryza sativa) production. Furthermore, it is hard for farmers 

to have access to credit outside of the cotton system. Regarding land ownership, the state is 

the owner of land. However, the traditional ownership system is also respected (Callo-

Concha et al. 2012). 

The mains soils that are found in the basin are tropical ferruginous soils and hydromorph 

soils which can be observed in the alluvial plains and swamps, the latter being less common. 

The majority of the soils is relatively impoverished and is subjected to leaching and to 

flooding. The basin is covered by two synoptic climatic stations (Kandi and Natitingou). The 

annual precipitation is concentrated in one rainy season from May to November. Kandi and 

Natitingou have a mean annual precipitation of about 1018.4 mm and 1260.2 mm 

respectively (based on observations from 1954 to 2012). The annual average temperature 

based on the same observation period is about 27.5 °C and 26.5 °C in Kandi and Natitingou, 

respectively. The historical climate records show an increasing trend in temperature (Fig. 2), 

whereas annual rainfall is highly variable; it is punctuated by wetter and drier periods (Fig. 

3).   

 

Fig. 2 Annual temperature evolution between 1954 and 2012 in the Niger basin of Benin 
KANDI_TEM stands for temperature in Kandi, NATITINGOU_TEM stands for temperature in Natitingou, 

Linear (KANDI_TEM) is the linear trend of temperature in Kandi, and Linear (NATITINGOU_TEM) is the 

linear trend of temperature in Natitingou. 
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a 

 

b 

 

Fig. 3 Rainfall index evolution between 1954 and 2012 in the Niger basin of Benin  

Rainfall index is calculated using this formula: 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝑖𝑛𝑑𝑒𝑥! =
!"#$%"&&!!!"#$

!"#$%#&% !"#$%&$'(
. (a) is relative to the 

evolution of rainfall index of Kandi and (b) is about the evolution of rainfall index of Natitingou. 

Like the other parts of the country, the Niger basin is not prone to drought. The most severe 

droughts that adversely affected the agricultural sector, during the past 60 years, have 

occurred in 1977 and 1983. However, floods occur almost every year in the basin, and affect 

farmers, especially those located at the vicinity of the Niger River. Indeed, severe floods have 

been recorded in 1962, 1968, 1988, 1997, 1998, and 2010. In terms of future climate 

conditions, temperature is projected to increase in the basin during the twenty first century 

(Hulme et al. 2001). Rainfall is projected to increase during December-January-February, and 
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to decrease during June-July-August in some scenarios (Hulme et al. 2001). Therefore, the 

basin will likely face difficult climate conditions and farmers will be adversely affected, if 

they do not adapt.    

3.2 Specification of the vulnerability approach 

3.2.1 The theoretical model 

The vulnerability (𝑣) level at period 𝑡 is a function of exposure variables 𝐸!, sensitivity 

variables 𝑆!, adaptive capacity variables 𝐴𝐶!, 𝑣 levels of the periods 𝑡 − 𝑗  and unobservable 

characteristics including measurement errors and innate 𝑣, 𝜇!:      

𝑣! = 𝑓 𝐸!,! , 𝑆!,! ,𝐴𝐶!,! , 𝑣!!! , 𝜇! ,    𝑗 = 1, 2,… ,𝑇 (1) 

As adaptive capacity is composed of five kinds of capital: physical, institutional capital and 

technology (𝑃𝐶), human capital (𝐻𝐶), natural capital (𝑁𝐶), financial capital (𝐹𝐶) and social 

capital (𝑆𝐶) (Scoones 1998), equation 1 becomes: 

𝑣! = 𝑓 𝐸!,! , 𝑆!,! ,𝑃𝐶!,! ,𝐻𝐶!,! ,𝑁𝐶!,! ,𝐹𝐶!,! , 𝑆𝐶!,! , 𝑣!!! , 𝜇! ,    𝑗 = 1, 2,… ,𝑇  (2) 

The financial capital variables include income from cropping and from off-farm activities. 

Therefore, they have to come from the maximization of household utility. It is assumed for 

simplicity that vulnerability level depends on current household incomes, though a portion of 

income serves as consumption in the following period. 

Assuming that they are 𝑛 members within the household, consumption and leisure of each 

member at period 𝑡 are respectively 𝑐!,! 𝑎𝑛𝑑 𝑙!,! , 𝑓𝑜𝑟 𝑖 = 1, 2,… ,𝑛. The Agricultural 

Household Model (AHM) has two components (Benjamin 1992). Firstly, a twice 

differentiable, quasi-concave utility function defined over consumption, and leisure: 

𝑢!,! = 𝑢 𝑐! = 𝑐!,!!
!!! , 𝑙! = 𝑙!,!!

!!! ;𝑎! . The utility function is parameterized by the vector 

𝑎!, which summarizes household characteristics at a given period 𝑡. Secondly, a twice 

differentiable simple, concave production function: 𝑄! = 𝐹! 𝐿!;𝐴! , where 𝐿! is labor (the 

sum of family and hired labor, 𝐿! = 𝐿!! + 𝐿!!; where 𝐿!! = 𝛼!×𝐿!,!!!
!!!  and 𝐿!! = 𝛼!×!

!!!

𝐿!,!! ), and land 𝐴! is assumed fixed and exogenous. 𝛼! ,𝛼!  ∈ (0, 1]×(0, 1] and accounts 

for the heterogeneity of family and hired labor; it is assumed that the household can hire 𝑚 

categories of labor (e.g., men, women, etc.).  𝐹!:𝑅! → 𝑅!, 𝐹!! 𝐿!;𝐴! > 0 and 𝐹!!! 𝐿!;𝐴! <

0 for all 𝐿! > 0, lim!!→! 𝐹!
! 𝐿!;𝐴! = ∞ and lim!!→! 𝐹!

! 𝐿!;𝐴! = 0. 
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Each household member could work on the family farm and/or could look for off-farm 

activities. The prices of hired labor 𝐿!! and off-farm labor 𝐿!! are assumed to be equal to 𝑤!. 

The time endowment of the household is 𝑇! 𝑎! = 𝛼!×𝑇!,!!
!!!  and its exogenous income is 

𝑦!. The exogenous income includes any kind of assistance from friends, relatives and 

remittances. All prices are normalized by the output price. The farm household allocates its 

time endowment between leisure, work on the farm, and work off the farm. It is also possible 

for the farm household to hire labor to produce output that is sold in a competitive market. 

Thus, the farm household’s problem is: 

𝑀𝑎𝑥 𝑢 𝑐! = 𝑐!,!!
!!! , 𝑙! = 𝑙!,!!

!!! ;𝑎!   (3) 

with respect to 𝑐! , 𝑙! , 𝐿!! , 𝐿!! , 𝐿!!   subject to 

𝑐! = 𝐹! 𝐿!;𝐴! − 𝑤!×𝐿!! + 𝑤!×𝐿!! + 𝑦!, (4) 

 𝑙! + 𝐿!! + 𝐿!! = 𝑇! 𝑎!  (5) 

 𝐿!! + 𝐿!! = 𝐿! (6) 

Collapsing the three constraints into a single constraint yields: 

𝑐! + 𝑤!×𝑙! = 𝑦! + 𝜌! 𝑤!;𝐴 + 𝑤!×𝑇! 𝑎! ≡ 𝑌!. (7) 

Consumption of goods and leisure at period 𝑡 equals full income 𝑌! that is composed of 

exogenous income 𝑦!, value of time endowment 𝑤!×𝑇! 𝑎! , and non-maximized farm profits 

𝜌! 𝑤!;𝐴! = 𝐹! 𝐿!;𝐴! − 𝑤!×𝐿!! − 𝑤!×𝐿!!. 

In the case separation holds, the problem will be solved recursively. First, the household will 

maximize profit at each period, and then utility. Profit maximization yields the household 

labor demand: 

𝐿!∗ = 𝐿!∗ 𝑤! ,𝐴  (8) 

Thus, the optimal profit is: 

𝜌!∗ = 𝜌!∗ 𝑤! ,𝐴  (9) 

The maximization of utility yields: 

𝑙!∗ = 𝑙!∗ 𝑤! ,𝑌!;𝑎  (10) 
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Thus, the household labor supply (work on the farm and work off of the farm) is given by: 

𝐿!! 𝑤! ,𝑌!;𝑎! = 𝑇! 𝑎! − 𝑙!∗ (11) 

Hence, equation 2 becomes: 

𝑣! = 𝑓 𝐸!,! , 𝑆!,! ,𝑃𝐶!,! ,𝐻𝐶!,! ,𝑁𝐶!,! ,𝐹𝐶!,!! , 𝑆𝐶!,!! ,𝜌!∗,𝑦! ,𝑤!×𝑙!∗,𝑤!×𝐿!!∗,𝑤!×𝐿!!∗, 𝑣!!! , 𝜇! , 𝑗 =

1, 2,… ,𝑇 (12) 

where 𝐹𝐶!,!!  are financial capital variables except incomes from cropping and from off-farm 

activities, and 𝑆𝐶!,!!  are social capital variables except any kind of assistance from friends and 

relatives. 

If separation does not hold, the problem will not be solved recursively. Therefore, 

consumption and production decisions are linked, and are made simultaneously. Thus, the 

wage rate depends on the household characteristics (shadow wage): 

𝑤!∗ = 𝑤!∗ 𝑎!  (13) 

Hence, 𝑤!∗ becomes an argument of the solutions of the problem instead of 𝑤! and 𝑣 at period 

𝑡 is given by: 

𝑣! = 𝑓 𝐸!,! , 𝑆!,! ,𝑃𝐶!,! ,𝐻𝐶!,! ,𝑁𝐶!,! ,𝐹𝐶!,!! , 𝑆𝐶!,!! ,𝜌!∗,𝑦! ,𝑤!∗×𝑙!∗,𝑤!∗×𝐿!!∗,𝑤!∗×𝐿!!∗, 𝑣!!! , 𝜇! ,

𝑗 = 1, 2,… ,𝑇 (14) 

If separability does not hold in the Niger basin of Benin due to, among others, the 

imperfection of labor market, it is the latter equation that is employed. 𝑣! is assumed to be 

increasing in the adaptive capacity variables, and decreasing in the exposure and sensitivity 

variables. Therefore, a policy-maker that aims to minimize the vulnerability level of the 

household should implement either policies which will decrease exposure or sensitivity, or 

which will strengthen adaptive capacity. 

3.2.2 Empirical approach 

Equation 14 is used to assess vulnerability to climate shocks. Vulnerability index is 

calculated as the net effect of adaptive capacity, sensitivity and exposure: 

𝑣 = 𝑎𝑑𝑎𝑝𝑡𝑖𝑣𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 − 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 + 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 .      (15) 
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One of the features of the indicator approach is to assign a weight to each indicator. Thus, 

two alternatives may be used: either to give them equal weight or to assign different weights, 

to avoid the uncertainty of equal weighting given the diversity of indicators used (Deressa et 

al. 2008). This study adopts the different weighting alternative by using dimension reduction 

methods [Principal Component Analysis (PCA), Factor Analysis (FA)]. However, PCA and 

FA do not rely on any economic theory. Moreover, FA is controversial, partly due to the lack 

of invariance under transformation and the consequent non-uniqueness of the factors’ 

solutions (Larose 2006). However, they do remain useful tools. Each continuous indicator of 

the components of vulnerability is normalized before running PCA and FA, by using Z-Score 

standardization: 

𝑋!∗ =
!!!!! !
!"! !

          (16) 

where  𝑋!∗ is a normalized value of a continuous indicator of a farm household; 𝑋! and 

𝑆𝐷! 𝑋  are the actual value and the standard deviation of the same indicator respectively. The 

indicators were normalized, because they were measured on different scales. Regarding 

adaptive capacity, the variables ‘distance from dwelling to drinking water source’ and 

‘distance from dwelling to paved or tarred road’ are considered as costs. Therefore, the 

negatives of their Z-scores are used.    

As vulnerability is a multi-dimensional concept (Vincent and Cull 2014), it is not appropriate 

to base the computation on the first component extracted from PCA and FA only. Therefore, 

the multi-dimensionality of vulnerability is taken into account, by using all the extracted 

components, in building the sub-indices. Thus, each component from PCA and FA is 

weighted by its variance explained.  Suppose 𝑝 components are extracted, for each indicator 

equation (17) is employed, before building the sub-indices: 

𝑌!∗ =
!"#!
!"#!

!
!!!

×𝐹𝑎𝑐𝑡𝑜𝑟!"×𝑋!∗, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑗      (17) 

where 𝑉𝑎𝑟! is the variance explained of the component j and 𝐹𝑎𝑐𝑡𝑜𝑟!" is the jth factor score 

relative to the ith indicator. 

Two of the key issues of the indicator method are relative to its validation, and future 

vulnerability assessment (Vincent 2007; Alinovi et al. 2009; Vincent and Cull 2014). Thus, to 

assess the meaningfulness of the procedure used for computing the vulnerability index, a 
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CART model may be used (Alinovi et al. 2009). Therefore, the CART model is used in this 

study to estimate the vulnerability decision tree and related splitting rules. CART models are 

non-parametric techniques for exploring non-linearities and interactions, and are useful in 

their own right, but are especially valuable for pre-processing data (Larose 2005). They aid 

the researcher in choosing from many potentially relevant variables, and by suggesting 

refinements in functional form that are appropriate in subsequent parametric analysis. As the 

target variable is continuous (vulnerability index), CART will create a regression tree. If the 

target variable is categorical, CART will create a classification tree. The original indicators 

that are used for the computation of vulnerability index are employed in the CART analysis.  

Moreover, an econometric analysis is performed in order to find the main factors that can 

significantly lessen the vulnerability to climate shocks and for forecasting purposes. This is 

due to the major limitation of multivariate models, as they always produce normalized 

indicators with means zero, so it is difficult to compare the level of vulnerability over time 

(Alinovi et al. 2009). The choice of the relevant variables for the econometric analysis is 

based on the CART analysis. Sensitivity test is performed through changes and omission of 

certain indicators. Furthermore, Monte Carlo (MC) analysis is run to assess the uncertainty 

within the vulnerability index calculation model. 

3.3 Description of the variables and data 

3.3.1 Description of the variables 

Indicators are selected for each sub-index of vulnerability. Exposure can be best represented 

by the frequency of climate shocks and extreme events, and changes in temperature and 

rainfall. In this study, four indicators characterize exposure (Table 1), under the assumption 

that farmers living areas with higher changes in temperature and precipitation are most 

exposed to climate shocks.  

Sensitivity to climate shocks could be captured by the extent to which these shocks affect 

income or any proxy of livelihood (Deressa et al. 2008). However, scholars can rely on the 

assumption that areas experiencing climate shocks are subject to sensitivity due to loss in 

yield and thus in income. Thus, this study relies on this assumption and also includes an 

indicator capturing the direction of changes in yields during the last 20 years or so (Table 1). 

Adaptive capacity reflects the five types of capital; namely physical, financial, human, 

natural and social capital (Scoones 1998). Thus, indicators are selected for each component 
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of adaptive capacity (Tables 2 and 3). Indeed, farm households with more of these five types 

of capital are better able to cope with and adapt to the impacts of climate shocks.   

This article relies on the assumption that cross-sectional variability captures temporal 

variability. Normally, panel data should be used to capture the evolution of each indicator 

over time, due to dynamic aspect of vulnerability. Moreover, only climate shocks are 

considered, even though climate shocks and other shocks such as illness are interrelated. 

3.3.2 Data 

The data come from the household survey, which was implemented within the Niger basin of 

Benin in the 2012-2013 agricultural year. The survey was conducted during April and May 

2013. A three-stage sampling technique was followed to select surveyed farm households. 

First, municipalities were randomly chosen within each AEZ, based on their number of 

agricultural households. Second, villages were randomly selected within selected 

municipalities. Finally, random farm households were selected within selected villages. An 

AEZ was disregarded (AEZ V), because only one of its municipalities is located within the 

Niger basin. The sampled size was decided as 545 for the whole basin. The survey questions 

were designed to address the three components of vulnerability. They are relative to socio-

economic and environmental attributes as well as those related to farmers’ perceptions of 

climate change, temperature and rainfall patterns over the past 20 years or so far and 

adaptation strategies. The respondents were typically household heads. However, when the 

household head was not available, another adult member of the household was interviewed.  

4. Results  

The surveyed households reported to have encountered many climate shocks throughout the 

last 20 years or so. The major climate shock that farmers faced in all the four AEZs were 

strong winds, followed by erratic rainfall, heavy rainfall, heat waves, floods, and finally 

droughts (Table 1). AEZ I farmers faced floods more often than the remaining farmers. These 

floods were mostly due to the overflows of the Niger River.  
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Table 1. Exposure and sensitivity indicators and sub-indices across agro-ecological zones. All 

values are proportions of farm households regarding the indicators and means regarding the 

sub-indices 
 Agro-

ecological 
zone I 

Agro-
ecological 

zone II 

Agro-
ecological 
zone III 

Agro-
ecological 
zone IV 

All 
households 

Number of farm households 80 175 235 55 545  
Indicators of exposure 

Change in rainfall 
period during the last 

20 years or so far 

Yes 0.87 0.97 0.88 0.82 0.9 
No 0 0 0 0.02 0 
I do not know 0.13 0.03 0.12 0.16 0.1 

Increase regarding the 
intensity of rainfall 

throughout the years 

Yes 0.68 0.49 0.62 0.69 0.6 
No 0.16 0.22 0.22 0.15 0.2 
I do not know 0.16 0.29 0.16 0.16 0.2 

Increase regarding the 
length of dry spells 

during the rainy 
season 

Yes 0.4 0.39 0.47 0.38 0.42 
No 0.36 0.25 0.15 0.29 0.23 

I do not know 0.24 0.36 0.38 0.33 0.35 

Change in 
temperature during 

the last 20 years or so 
far 

Yes 0.69 0.63 0.72 0.38 0.65 
No 0.06 0.17 0.13 0.26 0.15 

I do not know 0.25 0.2 0.15 0.36 0.2 

Sub-Index of 
exposure 0.01 0.02 -0.08  0.26  0   1.12 

Indicators of sensitivity 
Having encountered floods throughout 

the last 20 years or so far 0.8 0.38 0.46 0.53 0.49 

Having encountered droughts 
throughout the last 20 years or so far 0.41 0.55 0.43 0.33 0.46 

Having encountered strong winds 
throughout the last 20 years or so far 0.93 0.97 0.94 0.98 0.95 

Having encountered heat waves 
throughout the last 20 years or so far 0.53 0.62 0.57 0.67 0.59 

Having encountered erratic rainfall 
throughout the last 20 years or so far 0.71 0.86 0.92 0.84 0.86 

Having encountered heavy rainfall 
throughout the last 20 years or so far 0.88 0.89 0.71 0.85 0.81 

 
Change in planting 

dates throughout the 
years 

Yes 0.61 0.8 0.82 1 0.8 
No 0.36 0.19 0.15 0 0.18 

I do not know 0.03 0.01 0.03 0 0.02 

 
 

Change in yield 

Increase 0.23 0.26 0.19 0.02 0.2 
Decrease 0.47 0.48 0.64 0.47 0.55 
I do not know 0.3 0.26 0.17 0.51 0.25 

Sub-Index of 
sensitivity -0.60  0.18 -0.01  0.34  0  1.33  

4.1 Vulnerability  

Lower values of the index show more vulnerability, and higher values depict less 

vulnerability (more resilience). 57.43% of the farm households are vulnerable to climate 

shocks. Among these vulnerable farm households, 31.74% are in critical situation (very 

vulnerable to climate shocks). The most vulnerable household is in AEZ II, whereas the least 

vulnerable household is in AEZ I, where farmers mostly practice irrigation. The differences 
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among the AEZs’ vulnerability levels are all significant (𝑝 < 0.05), except between AEZs II 

and IV, and between AEZs III and IV. Indeed, on average, farmers in the AEZ I are the least 

vulnerable, followed by those in AEZs III, IV and II (Tables 4). The findings highlight that 

the highest vulnerability to climate shocks does not necessarily coincide with the highest 

exposure and sensitivity, and the lowest adaptive capacity. For example, farm households in 

AEZ II, which are the most vulnerable have the lowest adaptive capacity, but are not the most 

sensitive and the most exposed to climate shocks. 

Table 2. Financial capital and physical, institutional capital and technology indicators and 

sub-indices across agro-ecological zones 

Indicators 
Agro-

ecological 
zone I 

Agro-
ecological 

zone II 

Agro-
ecological 
zone III 

Agro-
ecological 
zone IV 

All 
households 

Indicators of financial capital 
Fertilizer use value (CFA F) 99,602  177,012  61,487  17,532  99,741 
Herbicide use value (CFA F) 24,092  53,181  25,880  309 31,803  
Insecticide use value (CFA F)  390 54,600  15,783  1,702  24,566  

Yearly income from 
agricultural off-farm activities 

(CFA F) 
39,850  20,023  43,085  2,782  31,138  

Yearly income from non-
agricultural off-farm activities 

(CFA F) 
358,375  207,162  232,637 720,469  292,145  

Yearly income from cropping 
(CFA F) 1,674,924  1,605,389  1,275,887  1,107,275  1,423,249  

Yearly income from livestock 
(CFA F)  96,714 115,217  42,368  13,173  70,791  

Sub-Index of financial 
capital 0  0.07  -0.03  -0.07  0  

Indicators of physical, institutional capital and technology 
Tractor usea 0.08 0.03 0.22 0 0.12 
Plow usea  0.91 0.88 0.30 0 0.55 

Livestock value (CFA F) 1,009,159  1,809,803  957,733  72,921  1,149,589  
Amount of credit obtained 

(CFA F)  44,688 21,314  12,481  7,000  19,492  

Number of times the 
household has access to 

extension services 
0.28  2.31  0.95  0.02  1.19  

Distance from dwelling to 
food market (Km) 2.12  1.52  2.25  4.15  2.19  

Distance from dwelling to 
paved or tarred road (Km)  19.43 8.24  10.92  8.44  11.06  

Access to electricitya 0.35 0.17 0.22 0.25 0.22 
Asset value (CFA F) 287,533  340,198  322,477  188,378  309,505  

Sub-Index of physical, 
institutional capital and 

technology 
0.07  0.09  -0.01  -0.18  0.02  

Tractor usea 0.08 0.03 0.22 0 0.12 
a These indicators refer to the proportion of farm households that use tractor, plow and that have access to 

electricity, respectively. 
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The optimal tree generated by the CART model has fifteen terminal nodes. The model’s 

predictions are relatively good, because the normalized mean squared error (NMSE) is 0.28, 

with a value below 1. This result confirms the meaningfulness of the method used to compute 

the indices. The upper level of the tree (Fig. 4) shows that households that have experienced 

heat waves (𝐹2!4 < 1.5) are more vulnerable than those that did not experience them 

(𝐹2!4 ≥ 1.5). These most vulnerable households are further split into two sub-groups; those 

that have experienced either an increase or a decrease in the intensity of rainfall ( 𝐹8 < 2.5) 

are the least vulnerable (75.16%), and those that experienced both an increase and a decrease 

or neither (𝐹8 ≥ 2.5, 24.84%). 60% of the 24.84% have suffered from droughts (𝐹2!2 <

1.5) and appear to be more vulnerable, whereas the remaining 40% did not experience 

droughts and are less vulnerable (𝐹2!2 ≥ 1.5). 

Table 3. Human capital, natural capital and social capital indicators and sub-indices across 

agro-ecological zones 

Indicators 
Agro-

ecological 
zone I 

Agro-
ecological 

zone II 

Agro-
ecological 
zone III 

Agro-
ecological 
zone IV 

All 
households 

Indicators of human capital 
Household head age (years) 42  40.30  41  41.09  40.93  
Household head number of 
validated attained education 

years 
 1.59 1.31  1.86  2.35  1.69  

Number of men 2.59 2.37 2.49 2.64 2.48 
Number of women 2.34  2.35  2  2.69  2.23  
Number of children 3.51  3.60  3.09  2.20  3.23  

Sub-Index of human capital  0 -0.01  0  0.03  0  
Indicators of natural capital 

Bush and valley bottom land 
use size (ha) 3.24  8.06  4.64  2.48  5.32  

Compound land use size (ha) 0.90  1.04  0.69  0.92  0.86  
Supplementary irrigated land 

use size (ha) 1.22  0.04  0.01  0  0.19  

Irrigated land use size (ha) 0.06  0.04  0.02  0  0.03  
Sub-Index of natural capital  0.09 0  -0.02  -0.03  0  
Sub-Index of social capitala 0.02  -0.41  0.14  0.68  0  

a Sub-index of social capital is calculated based on 13 quantitative and categorical variables: having membership 

in labor sharing group (yes=1, no=0), having membership in farmers’ organization (yes=1, no=0), amount of 

financial assistance received (in CFA F), value of in-kind assistance received (in CFA F), having received moral 

assistance (yes=1, no=0), number of relatives the household has in the village, labor mobilized from relatives, 

friends within the community (in man-days), number of close friends, number of people the household could 

turn to who would be willing to lend money (no one=1, one or two people=2, three or four people=3, five or 

more people=4), whether the household can rely on its neighbors to take care of children when they are 

travelling (definitely=1, probably=2, probably not=3, definitely not=4), working for the benefit of the 

community during the last 12 months (yes=1, no=0), believing that people that do not participate in community 

activities will be criticized (very likely=1, somewhat likely=2, neither likely nor unlikely=3, somewhat 
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unlikely=4, very unlikely=5), proportion of people in the community that contribute time or money toward 

common development goals (everyone=1, more than half=2, about half=3, less than half=4, no one=5). 

Moreover, the method used turned out to be sufficiently robust in terms of sensitivity and 

uncertainty. Indeed, regarding sensitivity, the values of some indicators have been changed or 

some indicators are simply disregarded in order to explore the impact on the vulnerability 

index. Regarding the MC analysis, the vulnerability index was computed 1000 times to map 

its probability distribution. For each sub-index of vulnerability, random values were 

generated between its minimum and maximum values. The reliability of the originally 

calculated vulnerability index is estimated through determination of the range of the standard 

deviation around the mean. The Student test showed that the original vulnerability index lies 

within the range (𝑝 < 0.01).  

Table 4. Indices and sub-indices of vulnerability across agro-ecological-zones 

Indices 
Agro-

ecological 
zone I 

Agro-
ecological 

zone II 

Agro-
ecological 
zone III 

Agro-
ecological 
zone IV 

All 
households 

Standard 
deviation 

Sub-Index of 
exposure 0.01   0.02 -0.08  0.26  0 1.12 

Sub-Index of 
sensitivity -0.60   0.18 -0.01  0.34  0  1.33  

Sub-Index of 
financial capital 0  0.07  -0.03  -0.07  0  0.15  

Sub-Index of 
physical, institutional 

capital and 
technology 

0.07  0.09  -0.01  -0.18  0.02  0.17  

Sub-Index of human 
capital 0 -0.01  0  0.03  0  0.10  

Sub-Index of natural 
capital  0.09 0  -0.02  -0.03  0  0.07  

Sub-Index of social 
capital 0.02  -0.41  0.14  0.68  0  1.18  

Sub-Index of 
adaptive capacity 0.18  -0.26  0.07  0.43  0.02  1.16  

Index of 
vulnerability 0.76  -0.47  0.17  -0.16  0.02  1.90  
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Fig. 4 Upper level of the regression tree generated by Classification and Regression Tree 
 𝐹2!4 < 1.5: farm households that experienced heat waves, 𝐹2!4 ≥ 1.5: farm households that did not 

experience heat waves, 𝐹8 ≥ 2.5: farm households that experienced both an increase or a decrease in the 

intensity of rainfall, 𝐹8 < 2.5: farm households that experienced either an increase or a decrease in the intensity 

of rainfall, 𝐹14 < 1.5: farm households that experienced a change in planting date, 𝐹14 ≥ 1.5: farm households 

that did not experience a change in planting date, 𝐹2!2 < 1.5: farm households that experienced droughts, 

𝐹2!2 ≥ 1.5: farm households that did not experience droughts, 𝐹11 ≥ 2.5: farm household that experienced 

both an increase and a decrease in temperature, 𝐹11 < 2.5: farm households that experienced either an increase 

or a decrease in temperature, 𝐸44 < 2.5: farm households that will be very or somewhat likely criticized or 

sanctioned if they do not participate in community activities, 𝐸44 ≥ 2.5: farm households that will be neither 

likely nor likely, somewhat unlikely or very unlikely criticized or sanctioned if they do not participate in 

community activities. In each box, the number indicates the average vulnerability index and n, the number of 

farm households. 

4.2 Exposure 

Farmers in AEZ IV are more exposed to climate shocks, followed by AEZ II, AEZ I, and 

AEZ III (Table 1). It was not possible to distinguish exposure between AEZs, except between 

AEZs III and IV (𝑝 < 0.01). The exposure level of farmers in AEZ IV is due to the 

combination of three elements: (i) the fact that most of the farmers (82%) faced a change in 

the rainfall period during the last 20 years prior to the year of the interview or so; (ii) they 

faced an increase regarding the intensity of rainfall throughout the years (69%); and (iii) only 

38% of them faced a change in temperature. Therefore, the combination of these three 

elements leads to floods that impact adversely livelihoods. If most of the farmers in AEZ IV 

faced a change in temperature during the last 20 years or so, they would be the lowest 

exposed to climate shocks like farmers in AEZ III. The situation of farm households in AEZs 

II and I is similar and is between those of AEZs IV and III. 

0.0181 
n=545 

F2_4<1.5 
-0.791 
n=322 

F8≥2.5 
-2.36 
n=80 

F2_2<1.5 
-3.06 
n=48 

F2_2≥1.5 
-1.31 
n=32 

F8<2.5 
-0.274 
n=242 

F2_2<1.5 
-0.865 
n=146 

F2_2≥1.5 
0.625 
n=96 

F2_4≥1.5 
1.19 

n=223 
F14<1.5 

0.747 
n=151 

F11≥2.5 
0.404 
n=23 

F11<2.5 
0.954 
n=128 

F14≥1.5 
2.11 
n=72 

E44<2.5 
1.58 
n=49 

E44≥2.5 
3.24 
n=23 
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4.3 Sensitivity 

Sensitivity is highest among farm households in AEZ IV, followed by AEZs II, III and I 

(Table 1). It varies significantly between (i) AEZs I and II (𝑝 < 0.01), (ii) AEZs I and III 

(𝑝 < 0.01), (iii) AEZs I and IV (𝑝 < 0.01), and (iv) AEZs III and IV (𝑝 < 0.1). The highest 

sensitivity of farmers in AEZ IV is due to the fact that all of them were obliged to change the 

planting date during the last 20 years or so. Moreover, 47% and 2% of these farmers 

experienced a decrease and an increase in yield due to climate shocks, respectively, whereas 

51% of them were not able to indicate precisely the direction of the change in yields. Though 

farmers in AEZ I experienced more floods than the remaining farmers, they have the lowest 

sensitivity to climate shocks. This is due to the fact that they practice irrigated and 

supplementary irrigated agriculture than the remaining farmers, and 61% of them changed 

planting date (80%, 82% and 100% of farm households changed planting date in AEZs II, III 

and IV respectively). 

4.4 Adaptive capacity 

On average, farmers in AEZ IV have the highest adaptive capacity, followed by farmers of 

AEZs I, III and II (Tables 2 and 3). Adaptive capacity varies significantly between (i) AEZs I 

and II ( 𝑝 < 0.01), (ii) AEZs II and III (𝑝 < 0.01), (iii) AEZs II and IV (𝑝 < 0.01), and (iv) 

AEZs III and IV (𝑝 < 0.1). Though farmers in AEZ IV lack financial capital, physical, 

institutional capital and technology, and natural capital, they have the highest adaptive 

capacity due to their highest human and social capital. The lowest adaptive capacity of 

farmers in AEZ II is due to the lack in human and social capital. Therefore, the five 

components are jointly important in building adaptive capacity, because a lack in one lowers 

adaptive capacity.   

Fertilizer and herbicide use indicates the level of financial capital. Indeed, a farm household 

that does not have enough financial capital uses less fertilizer and herbicide. It is the case of 

farm households in AEZ IV which use fertilizer and herbicide less than the remaining 

farmers. Tractor use, plow use and access to extension services explain the differences in 

physical, institutional capital and technology. Lower level of tractor and plow use and lower 

access to extension services decrease physical, institutional capital and technology. Access to 

extension services depends generally on cotton and rice production. Therefore, farmers 

benefit from advices of extension officers when they produce either cotton or rice, depending 

on their locations. Household head education level is important in building human capital. 

Indeed, the differences in terms of human capital are due to household head education level. 
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Irrigation helps farmers to cope with rainfall variability. Irrigated and supplementary irrigated 

land ownership is very important for natural capital formation. A lack in irrigated and 

supplementary irrigated land leads to a lower level of natural capital.  

4.5 Econometric analysis of vulnerability index and forecasts 

Variables (10) actually used in the tree construction were employed to run the regression. The 

variance inflation factors are all very low, so there is not a multicollinearity problem with the 

explanatory variables. The model is useful for forecasting the vulnerability index, so it helps 

to deal with the main shortcomings of the multivariate model that is used to build the indices. 

The model was estimated for the whole data set and then for each AEZ (Table 5). The results 

of the regression are almost the same.  

One variable was disregarded for AEZ IV due to multicollinearity (change in planting dates 

throughout the years). Working for the benefit of the community during the last 12 months 

strengthens vulnerability to climate shocks, ceteris paribus. On average, the effect is the 

highest for the farmers of AEZ I. This could be explained by the fact that it reduces the 

available labor to be used in farming. Even believing that people that do not participate in 

community activities will be criticized strengthens vulnerability. Thus, this belief forces 

farmers to participate in community activities. Indeed, social capital “may enhance the 

outcomes of a few at the expense of others” (Ostrom and Ahn 2007, p. 20).   

The sensitivity variables seem to have the expected impacts on vulnerability. The 

vulnerability of the households that experienced droughts, heat waves and erratic rainfall is 

respectively 1.09, 1.24 and 1.23 points higher than the vulnerability of the remaining farmers, 

ceteris paribus. The effect of heat waves is the highest. Thus, since these variables are used as 

proxies of the effect of climate shocks on income or any proxy of livelihood, the effects could 

be interpreted as the impacts of the effect of climates shocks on income and farmer 

vulnerability levels. Farmers resort to several means including income and social capital to 

cope with climate shocks. Therefore, climate shocks negatively influence the livelihood of 

farmers, which strengthens vulnerability to these shocks. This could lead to a decrease in 

farm household assets. In this case, the farm households could fall into a poverty trap (Carter 

and Barrett 2006). Otherwise, if the asset base is not degraded, even if the income is pushed 

momentarily below the poverty line, the farm household would be expected to recover to its 

pre-shock level of well-being (Carter and Barrett 2006).  
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Table 5. Regression results of vulnerability 

Dependent variable: vulnerability index 

Independent variables All 
households 

Agro-
ecological 

zone I 

Agro-
ecological 

zone II 

Agro-
ecological 
zone III 

Agro-
ecological 
zone IV 

Work for benefit of the 
community during the last 12 
months (1=yes and 0=No) 

-0.92** 
(-9.23) 

-1.19*** 
(-4.68) 

-0.87*** 
(-4.79) 

-0.87*** 
(-5.84) 

-0.91*** 
(-2.85) 

Whether people that do not 
participate in community activities 
will be criticized (1=Very likely 
and 0 otherwise) 

-0.94** 
(-8.41) 

-0.77** 
(-2.18) 

-0.62*** 
(-2.94) 

-1.37*** 
(-7.39) 

-0.18 
(-0.48) 

Proportion of people in the 
community that contribute time or 
money toward common 
development goals (1=Everyone 
and 0 otherwise)  

0.01 
(0.08) 

-0.46 
(-1.46) 

-0.23 
(-1.00) 

0.14 
(0.45) 

0.38 
(1.16) 

Change in temperature during the 
last 20 years or so far (1=Yes and 
0 otherwise) 

1.02** 
(9.51) 

0.87*** 
(3.26) 

1.08*** 
(5.70) 

1.06*** 
(5.63) 

0.87 
(1.64) 

Change in planting dates 
throughout the years (1=Yes and 
0=No) 

-1.15** 
(-9.28) 

-1.31*** 
(-6.28) 

-1.46*** 
(-4.56) 

-0.95*** 
(-5.05)  

Change in yield (1=Increase and 0 
otherwise) 

0.09 
(0.87) 

0.06 
(0.28) 

0.34** 
(2.00) 

-0.09 
(-0.51) 

0.75* 
(1.87) 

Areas prone to droughts (1=Yes 
and 0=No) 

-1.09** 
(-10.01) 

-1.21*** 
(-4.15) 

-0.61*** 
(-3.21) 

-1.30*** 
(-7.63) 

-1.61*** 
(-3.40) 

Areas prone to heat waves (1=Yes 
and 0=No) 

-1.24** 
(-12.40) 

-0.84*** 
(-3.84) 

-1.44*** 
(-7.66) 

-1.21*** 
(-6.93) 

-0.78** 
(-2.45) 

Areas prone to erratic rainfall 
(1=Yes and 0=No) 

-1.23** 
(-9.83) 

-1.21*** 
(-3.47) 

-1.54*** 
(-7.87) 

-1.08*** 
(-3.32) 

-1.04*** 
(-2.89) 

Increase regarding the intensity of 
rainfall over years (1=Yes and 0 
otherwise) 

0.90** 
(8.70) 

0.55** 
(2.24) 

1.04*** 
(5.87) 

0.79*** 
(4.64) 

1.03*** 
(2.76) 

Constant 2.82** 
(14.09) 

3.30*** 
(8.34) 

2.84*** 
(7.85) 

2.81*** 
(6.23) 

0.97** 
(2.03) 

Adjusted R-squared 0.68 0.82 0.72 0.59 0.55 
*** , **, * Significant at the 1%, 5% and 10% levels respectively. Numbers in parentheses are robust t-statistics.  

Experiencing an increase in crop yields negatively affects vulnerability levels of about -0.34 

and -0.75 points respectively in AEZs II and IV, whereas there is no significant difference for 

the farmers in the remaining AEZs. This effect is even positive for farmers in AEZ III. That 

means that farmers in AEZ III do not take the opportunity from an increase in crop yields. 

Moreover, an increase in temperature during the last 20 years or so is beneficial for farmers, 

except for those in AEZ IV. This could be explained by a gain from carbon fertilization. 

However, a change in planting dates throughout the years strengthens the vulnerability levels 

of farm households. Furthermore, experiencing an increase regarding the intensity of rainfall 

over years negatively affects the vulnerability levels. Indeed, an increase in the intensity of 



	
23	

rainfall means more precipitation, which allows farmers to gain from that if it does not lead to 

floods. 

On average, if everyone in the community contributes time or money toward common 

development goals, it negatively influences the vulnerability levels. However, the effect 

differs across AEZs. It is positive for farmers in AEZs I and II and negative for those in 

AEZs III and IV. This could be explained by the fact that contributing money to development 

goals decreases the financial means of farmers in AEZs I and II, and the goals do not match 

what is required to lessen vulnerability. It is worth noting that the effect of the variable is not 

significantly different from zero.   

Using the regression results, Table 6 shows predictions of the level of vulnerability as a 

function of three sensitivity variables (households that experienced droughts, heat waves, and 

erratic rainfall). All the other variables of the models are held equal to their mean. Four 

changes are used for each variable. The level of vulnerability varies for each climate shock. 

On average, the effects of heat waves will be the highest, followed by droughts and erratic 

rainfall. With droughts, farmers will shift early from cropping to non-agricultural off-farm 

activities, including migration. Whereas, during heat waves they will be waiting for rainfall 

and they will only decide late to look for income from other activities to cropping. However, 

the situation differs across AEZs. For AEZ I farmers, the effects of droughts and erratic 

rainfall are almost equivalent and are the highest. The effects of erratic rainfall are the highest 

for AEZ II farmers, whereas the effects of droughts are the highest for AEZs III and IV 

farmers. 

Table 6. Predictions of vulnerability index 

Variables Changesa 

Agro-
ecological 

zone I 

Agro-
ecological zone 

II 

Agro-
ecological zone 

III 

Agro-
ecological zone 

IV 
All 

households 
 
 
Droughts 

0.05 0.70 -0.49 0.10 -0.25 -0.03 
0.10 0.64 -0.52 0.03 -0.33 -0.08 
0.15 0.58 -0.55 -0.03 -0.41 -0.08 
0.20 0.52 -0.58 -0.10 -0.49 -0.19 

 
Heat 

waves 

0.05 0.72 -0.53 0.10 -0.21 -0.04 
0.10 0.68 -0.60 0.04 -0.25 -0.10 
0.15 0.63 -0.67 -0.02 -0.29 -0.09 
0.20 0.59 -0.75 -0.08 -0.33 -0.22 

 
Erratic 
rainfall 

0.05 0.70 -0.53 0.11 -0.22 -0.04 
0.10 0.64 -0.61 0.05 -0.27 -0.10 
0.15 0.58 -0.69 0.00 -0.33 0.02 
0.20 0.52 -0.77 -0.05 -0.38 -0.22 

a The changes refer to the increases of the proportion of farm households that experience climate shocks. 
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5. Discussion 

This article assesses the vulnerability of farm-based livelihoods to the impacts of climate 

shocks using indicators of exposure, sensitivity, and adaptive capacity. Adaptive capacity is 

decomposed in five components, financial capital, physical, institutional capital and 

technology, human capital, natural capital and social capital. This study provides an 

important contribution for directing future research and the implementation of adaptation 

initiatives in developing countries, especially those whose agriculture is similar to the one of 

Benin. 

Farm households of the AEZs are differently exposed to climate shocks. Farm-based 

livelihoods in households of AEZ IV have the highest exposure to climate shocks. Sensitivity 

of livelihoods to climate shocks is determined by dependency on rain-fed agriculture, because 

of lack of financial capital and access to water to implement irrigation, lack of institutional 

support through extension services, access to credit, etc. for livelihood improvement and 

diversification, lack of human capital for livelihood diversification. Farm households rely on 

social capital when they lack the remaining four kinds of capital. Therefore, the components 

of vulnerability to climate shocks are interrelated. The increase of physical capital or 

livelihood diversification cannot be possible when households lack financial capital (Islam et 

al. 2014). It appears that poverty and vulnerability to climate shocks are linked, and this is in 

line with previous studies (e.g. Shewmake 2008; Deressa et al. 2008; Deressa et al. 2009; 

Islam et al. 2014).  

Lowest adaptive capacity does not necessarily coincide with highest exposure and sensitivity. 

Thus, climate shocks affect farm households in different ways. The results are in line with 

research on the vulnerability of fishery-based livelihoods that found the most exposed 

communities are not necessarily the most sensitive and the least able to adapt (Islam 2014). 

Vulnerability levels depend also on the types of shocks farm-based livelihood systems face. 

Farm households that are similarly exposed to climate shocks and that have the same 

sensitivity level do not necessarily have the same vulnerability level. Therefore, vulnerability 

levels vary relatively across farm households’ characteristics (Shewmake 2008). Farm 

households headed by women are less vulnerable than those headed by men (𝑝 < 0.10). 

Indeed, males are less risk averse than females. Female-headed households invest relatively 

less than men-headed households in activities that rely too much on climate conditions and 

this lead to their lowest vulnerability to climate shocks. They develop non-agricultural off-

farm activities such as the transformation of soybean (Glycine max), groundnut (Arachis 
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hypogeal), and millet (Pennisetum glaucum, Pennisetum typhoides, or Pennisetum 

americanum). Due to that, they draw income from different sources. Generally, men are less 

negatively affected by climate shocks, although there are some exceptions (Goh 2012). The 

highest vulnerability of men to climate change may be due to their land ownership 

(Quisumbing et al. 2011). Goh (2012) argued that the gender-differentiated impacts of a 

change in the climate are not at all times inflexible, clear, or predictable; they depend on the 

context and may be mediated by the socio-cultural, economic, ecological, and political 

factors.  

Education also appears to be somewhat correlated with vulnerability. Higher formal 

education level of the household head is associated with lower vulnerability to climate 

shocks. Moreover, among farm households whose heads completed less than 6 validated 

school years, those that are able to read and write in local languages are less vulnerable than 

those whose heads cannot either read or write in any language. Through a higher level of 

education, farmers have access to information regarding appropriate adaptation strategies that 

can be developed to cope with climate shocks. These findings are in line with those of 

previous studies (e.g. Deressa et al. 2008; Etwire et al. 2013) that found the lesser 

vulnerability is associated with literacy rate. However, access to relevant information in terms 

of appropriate adaptation strategies depends also on communication infrastructure, settlement 

location, access to communication devices such as mobile phones, etc. 

Farm-based livelihood systems in the Niger basin of Benin are predicted to experience 

difficult climate conditions in the coming decades (Hulme et al. 2001). Thus, their 

vulnerability to climate shocks will increase, in the absence of adaptation. As farm 

households in the basin are largely subsistence farmers, their vulnerability to climate shocks 

will lead to vulnerability to food insecurity.  

4. Conclusion 

This article analyzes vulnerability of farm-based livelihoods to climate shocks using 

indicators. The findings suggest that vulnerability to climate shocks differs across 

households’ characteristics and AEZs. Lowest adaptive capacity does not necessarily 

coincide with highest exposure and sensitivity. Thus, the highest exposure or sensitivity does 

not necessarily lead to the highest vulnerability, and the highest adaptive capacity does not 

necessarily lead to the lowest vulnerability. Adaptive capacity is disaggregated in financial 
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capital, physical, institutional capital and technology, human capital, natural capital and 

social capital. Social capital is very important in building the resilience of farm-based 

livelihood systems; they rely on it when they lack the other four kinds of capital. 

Vulnerability of farm-based livelihoods depends also on the nature of climate shocks. The 

most important climate shocks affecting vulnerability are heat waves, droughts, and erratic 

rainfalls. 

This study provides an important contribution for directing future research on the appropriate 

adaptation strategies to be implemented to strengthen the resilience of farm-based livelihood 

systems to climate shocks. This local-scale study gives important information that can 

improve our understanding of drivers of vulnerability to climate shocks, and therefore to 

global climate change that is in some extent responsible for the increase of the probability of 

occurrence of climate shocks. Based on the findings, building resilience of farm-based 

livelihood systems should be through each of the three components of vulnerability which are 

exposure, sensitivity and adaptive capacity. Adaptive capacity should be strengthen through 

financial capital, physical, institutional capital and technology, natural capital, human capital 

and social capital. The specific adaptation potentialities of the AEZs should be taken into 

account in building resilience to climate shocks.     
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