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GLOSSARY 
Adaptation: Actions taken to reduce vulnerability to actual or expected changes in climate stimuli or 

their effects and consequences on communities’ livelihoods, which lessens negative impact or 

exploits beneficial opportunities. 

Adaptation Practices: Changes including adoption of technologies engaged by local communities to 

enhance their resilience and/or reduce their vulnerability to actual and expected changes in climate. 

Adaptive Capacity: The ability of a system to adjust to climate change (including climate variability 

and extreme climate events) to moderate potential damages, take advantage of opportunities, or 

cope with the negative consequences. 

Agriculture or Farming: Economic activity based on crop and/or animal productions. In the Sahel, 

farming includes three major sub-systems: cropping, pastoralism, and agro-pastoralism. 

Agro-Pastoralism: An integrated farming system aiming to capitalize on the complementarity 

between crop and livestock productions. In this report, farmers practicing agro-pastoralism system 

are called agro-pastoralists. 

Climate Change: A statistically significant variation in either the mean state of the climate or in its 

variability persisting for an extended period, typically decades or longer. Climate change may be due 

to natural internal processes or external forces owing to persistent anthropogenic changes in the 

composition of the atmosphere or in land use. 

Composting: Improved process of producing organic fertilizers through decomposition of both 

vegetal and animal organic matters.  

Cropping System: Farming system based on crop growing for household consumption and/or 

income generation. 

Half-Moons: An agricultural water management practice in which large holes are dug in the shape of 

a semi-circle, where the excavated material is deposited on the semi-circle. The technique allows to 

capture runoff water and the holes can also hold organic material.  

Household: A group of people, generally but not necessarily relatives, who live under the same roof 

and rely on the same or common resources for their livelihoods. This also includes individuals who 

live outside of the village but have not established their own family yet. 

Natural Assisted Regeneration (NAR): Consists of promoting and protecting the shoots of woody 

species in the crop fields to promote regeneration of degraded soils and to create multiple-use agro-

forestry systems. 
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Pastoralism: Livestock system based essentially on animal breeding for milk and/or meat production 

and generally involving the practice of transhumance. 

Technologies: Technology, in the context of climate change adaptation, is generally applied “to 

reduce the vulnerability, or enhance the resilience, of a natural or human system to the [impact] of 

climate change” (UNFCCC 2005, 5). These technologies are often differentiated into “hard” 

technologies, such as equipment and infrastructure, and “soft” technologies, including management 

practices and institutional arrangements (Christiansen et al. 2011). But some technologies, such as 

new crop varieties, are not so easy to categorize. In the context of this research, technologies are 

widely conceptualised as a set or package of measures and knowledge used by farmers for better 

resilience to climate and other biophysical stresses and for better livelihoods .  

Transhumance: Seasonal and cyclical migration of livestock (mainly cattle and sheep) and herders 

over long distances across countries in search of better grazing areas and water sources. 

Zaï pits: An agricultural water management practice that consists of digging small holes in the field 

before the first rains to retain runoff water. Organic matter and fertilizer is placed inside these pits 

to create favourable growing conditions.  
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EXECUTIVE SUMMARY 
In the context of the Local Governance and Adapting to Climate Change in Sub-Saharan Africa 

(LGACC) project, an adaptive capacity assessment study was undertaken in the pastoral zone of 

Sondré-Est and its surrounding villages. The main objectives of this study are firstly, to assess the key 

five household livelihood capitals owned or accessed by the agro-pastoralists and pastoralists; 

secondly, to analyse perception and adaptation to climate change and variability of pastoralists and 

agro-pastoralists; and thirdly to identify key assets and other factors affecting the adoption of and 

engagement in adaptation strategies related to crop and livestock production.  

The study is guided by the following research questions: i) Which assets are of particular importance 

for the adaptive capacity of pastoral and agro-pastoral households and communities? ii) What social 

dynamics - including gender, age, wealth and ethnicity –  influence access to, ownership of and 

control over livelihood assets and how do these social dynamics in turn influence adaptive capacity 

of pastoral and agro-pastoral households and communities? ii) How do assets determine the choice 

or selection of adaptation practices among pastoral and agro-pastoral households?  

A household survey was conducted in the Sondré-Est pastoral zone located in the Sudano-Sahelian 

zone of Burkina Faso. Structured questionnaires were administered to 500 household heads. 

Descriptive analyses were used to identify assets that are essential for the adaptive capacity of the 

households and communities surveyed. Multivariate Probit (MVP) using STATA 14 procedures were 

applied to identify key determinants of pastoralist and agro-pastoralists’ adaptation strategies and 

their adaptive capacities.  

Results on household assets assessment indicate that with regard to human capitals, respondents, 

whose ages range from 35 to 65 years, in majority are illiterate, with average household size of 9 and 

11 persons for pastoralists and agro-pastoralists respectively. Ownership of physical assets for 

transport, communication and farm equipment is fairly good and these assets support respondents’ 

livelihoods activities. Majority of respondents, both pastoralists and agro-pastoralists, have good 

access to agricultural lands as well as to key pastoral and agro pastoral resources (pastures and 

water). Financial capital in the study area is mainly represented by livestock (cattle, goat and sheep), 

while both formal and information banks and credit institutions are rare in the study area. Social 

capital, such as membership in farmers’ groups and social networks are developed and respondents 

do rely on them in case of climatic risks as reported during survey and focus-group discussion. 

Concerning asset availability and distribution among respondents, there are some differences 

regards households’ location (inside or outside of the pastoral zone) and primary livelihoods 

(pastoralism or agro-pastoralism) of respondents. 
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In regard to perception of climate conditions, the main findings of the study indicate that 

pastoralists and agro-pastoralists in the study area perceive changes in climate and variability and 

are already using various adaptation strategies in response to the perceived impacts of climate 

change, to improve their crop and livestock productivity. The most common adaptation strategies 

used by pastoralists are crop diversification, transhumance and fodder cropping while agro-

pastoralists mainly use fertilizer and improved crop seed varieties. Most of the adopted strategies 

are perceived as very effective in dealing with the negative effect of climate change and variability 

by the majority of respondents. Some of the adopted adaptation strategies such as fodder cropping 

including hay production, composting and livestock fattening, although less adopted, can be 

described as innovative or new adaptation practices, while other practices are traditional adaptation 

practices that have either remained important or whose importance and thus adoption have 

increased due to climatic push-factors. Most of the adopted practices in addition to helping 

respondents cope with or adapt to climate variability and shocks, also aim at intensifying crop and 

livestock production.  

The multivariate probit (MVP) analysis reveals that all of the overall compounds investigated, 

namely access to and ownership of main household livelihood capitals (social, human, natural, 

physical and financial), as well access to climate and agronomic information influence the choice of 

adaptation strategies regarding crop and livestock production systems. Some indicators within each 

of these compounds however are more important than others. Key findings of the MVP analyses are 

presented directly below, grouped in the five household livelihood capitals that provide insights into 

the relative importance of each factor analysed, and directly followed by specific recommendations. 

Human capital in the form of age, education and literacy level does not play a major role, as most of 

the adaptation options commonly used by households in the area have been traditionally used and 

do not require a high level of education.  

When introducing new good and innovative practices, they might likely be more widely adopted and 

thus more successful if they are not very knowledge-intensive and do not require much skill. If they 

are knowledge-intensive, it is important to provide training to ensure practices are implemented 

properly when adopted. Also, training on agricultural good and innovative practices and raising 

awareness on these practices encourage their adoption to mitigate, cope with climate shocks, and 

enhance productivity and generate more income in the study area. 

Natural capital, in the form of access to qualitative and productive lands, is important for adoption 

of some strategies, including crop diversification, due to the fact that land is the basis of crop 

production in the study area. But with increased frequency of drought as perceived by the 

respondents, increased pressure on land due to population growth and subsequent food demand, 
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the quality of land is continuously threatened. Soil quality is furthermore worsened by the fact that 

few respondents use water and soil conservation practices, as discussed in the previous section.  

Promotion of low cost and sustainable soil fertility management practices including efficient use of 

crop residues as feed or for mulching, composting, reclamation of degraded lands for both crop and 

livestock production are likely to be successful in strengthening adaptive capacity of the 

respondents.  

Initiatives on safeguarding and improving the production and health of livestock grazing areas 

through appropriate grazing strategies are likely to be useful as pasturelands are continuously 

degrading and carrying capacity is reduced due to livestock load, overgrazing and restricted mobility. 

Physical capital encompasses access to physical infrastructure, as well as household and farm 

equipment. This access significantly influences the adoption of most of the strategies.  

Facilitated access to those physical resources is likely to help to anticipate in responding to climate 

shocks. Some practices such stone bunds, Zai pits, composting, as well livestock fattening and 

appropriate use of crop residues as livestock feed require some physical assets which respondents 

do not always own or have access to, which limits the adoption of these innovative practices. 

Facilitating respondent access to such equipment and linking them to markets can thus be key to the 

adoption the cited innovative practices.1 

With regard to financial capital, access to credit is important but only for the practices that require 

cash, in particular use of improved seeds, use of inorganic fertiliser and livestock fattening.  

As recommendation, when promoting these types of practices, in addition to technical training, an 

improved institutional environment concerning access to credit or incentives that facilitate access to 

those financial capitals can be targeted as well. Livestock ownership, here understood in terms of 

financial capital, is the main source of the respondents’ livelihood and plays a major role in the 

adoption of strategies such as use of crop residues, livestock fattening and transhumance. Livestock 

in addition its multiples socio cultural roles is a key component of the mixed crop-livestock 

production system in the study area. It is however important to note that governance issues in form 

of livestock insecurity, restricted herd mobility and access to grazing areas, as well as pastoral zone 

border issues with neighbouring villages observed in the area potentially threaten local livestock 

production.  

As recommendation to safeguard livestock in the study area, activities should be encouraged that 

ensure that this livelihood base and financial capital is protected and improved, for instance through 

the promotion of good practices and governance of key pastoral resources (water points, 

                                                             
1 Aware of the complexities involved when ‘facilitating access’ to physical capital, the use of the expression 

here is not prescriptive in terms of how this is to be achieved. 
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vaccination parks, grazing areas, mobility routes and transhumance corridors across the study area). 

The active involvement of pastoralists and agro-pastoralists in common resources management and 

governance should be encouraged as well. 

Concerning the social capital, social networks and farmers’ involvement in specific groups and 

organisations also promote the adoption of adaptation strategies through information and 

knowledge sharing, access to agricultural inputs and technologies, multiple forms of support (for 

training, access to free extension services, etc.) from government, NGOS and development agencies.  

More concise efforts in structuring and setting up farmers’ organisations as well as strengthening 

existing farmers’ groups’/associations’ governance and functioning are likely to be beneficial. These 

structures can then be used as channel for the promotion of adaptive strategies among pastoralists 

and agro-pastoralists. Also, facilitating access to climate information and knowledge through mass 

media or mobile networks has a likelihood of improving farmers’ awareness of climate change and 

adoption of adaptive strategies.  

This report is part of series of studies undertaken in the context of the Local Governance and 

Adapting to Climate Change in Sub-Saharan Africa (LGAACC) project, which contributes to 

understanding the impact of household livelihood assets on the adoption of different adaptation 

strategies in crop, livestock and agroforestry production in Sudano-Sahelian zone of West Africa. 

Results will also serve as basis for the construction of an adaptive capacity index (ACI) for 

comparative analyses of pastoralists’ and agro-pastoralists’ adaptive capacity in the study area. The 

overall outputs will serve as practical insights for policy recommendations on resilience and climate 

change adaptation programs in the Sudano-Sahelian zone.  
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I. INTRODUCTION 

1.1. Context and Justification 
In Burkina Faso, as in many sub-Saharan countries, agricultural production including livestock 

production is the main source of income for rural households. However, these systems of production 

depend on climate conditions and are thus very vulnerable to the adverse effects of climate change 

and variability. Most of the farming households in developing countries in general and particularly in 

the Sahel region are highly vulnerable to climate change and variability because of both the climate 

sensitivity of livelihood strategies and the overall scarcity of resources (IPCC, 2007).  

However, there are adaptation strategies that households in the area have developed over time in 

order to anticipate changes in climate, reduce the impact of climate shocks and/or cope with their 

adverse effects. Some of these household adaptation strategies were inventoried, documented and 

classified as ‘best climate adaptation strategies in the Sahel and Burkina Faso’ (Savadogo et al., 2011, 

CILSS, 2012). These agricultural practices include use of water and soil management practices, such 

as stone bunds and Zai, as well as comprehensive farm water and fertility management through 

composting, alongside a number of agroforestry practices, which are commonly referred to as 

climate-smart agricultural strategies in the literature (Barbier et al 2009; Mertz et al 2012; Zougmore 

et al. 2014). The adaptation literature also points out that farmers typically use diverse adaptive and 

coping strategies in agricultural systems across the different agro-ecological zones (Zampaligré et al. 

2013).   

The selection of farming or adaptation practices is influenced by households’ and system level 

adaptive capacity (Asfaw et al. 2014). It is largely acknowledged that adaptive capacity is critical in 

the design and implementation of effective adaptive strategies to reduce vulnerability of socio-

ecological systems to climate change (Adger, 2007). Climate change and variability impacts can be 

disproportionate across countries, regions and households due to differences in adaptive capacity. 

Adaptive capacity is the “potential, capability, or ability of a system to adapt to climate change 

stimuli or their effects of impacts” (IPCC, 2001).  

Different frameworks can be used to understand and assess adaptive capacity. One framework that 

has recently gained popularity amongst researchers and NGOs when looking at adaptive capacity at 

the local level is the Local Adaptive Capacity (LAC) Framework. This framework develops the 

sustainable livelihoods framework (SLF) further and incorporates intangible dimensions of adaptive 

capacity such as decision-making/governance, knowledge/information, and support for innovations, 

and institutional capacity with other more tangible elements including assets and innovations.  
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In this research study, and as part of the project on the Local Governance and Adapting to Climate 

Change (LGACC), we will emphasise the resource-based components that include the five capitals as 

described in the sustainable livelihoods framework, namely the human, social, financial, natural and 

physical capitals (Scoones, 1998). The main objective of the study is to assess how key households 

assets contribute to shaping the ability of households to adapt to climate change.  

Households in specific locations have different exposure and sensitivity to climate risks depending 

on their socio-economic status, as well as access to and ownership of resources and capitals. These 

factors in turn shape the ability of these households to adapt to climate change or respond to the 

impact of climate risks.  

A number of studies quantitatively analysed the determinants of adoption of adaptive strategies in 

the agricultural sector at the household level, mainly by focusing on socio-demographic and 

biophysical factors. The main quantitative model used was a logistic regression model (Ouédraogo et 

al., 2010, Zampaligré et al., 2013, Kima et al., 2015). Although this approach yielded important 

insights about the socio-demographic and biophysical factors affecting adoption of a specific 

adaptation strategy, there are still gaps in understanding which assets are of particular importance 

for adaptive capacity and how these assets affect pastoralist and agro-pastoralist households’ 

choices in favour of or against specific adaptation strategies. 

Apata (2011) in southern Nigeria and Coulibaly et al. (2015) in Malawi, showed that access and 

ownership of key household capitals (human, social, financial, natural and physical) affect adaptive 

capacity and vulnerability of farming households, and therefore influence their choices of adaptive 

strategies to cope with climatic and environmental risks. Further, adaptation to climate change is a 

complex process that, beyond a household’s asset base, involves other key features of socio-

ecological systems, including perception of climate change and variability, governance and access to 

information. Hence, for a more comprehensive understanding of the determinants of adaptation to 

climate change, other features of the system influencing adaptation to climate change need to be 

integrated into the analysis in order to understand the determinants of adoption of adaptation 

strategies in a more holistic way.  

In this research study we investigate how assets and other institutional factors shape the ability of 

households to adopt a number of adaptation strategies that are contextually specific to the Sudano-

Sahelian zone of Burkina Faso. The outputs of this work that feeds into the wider Local Governance 

and Adapting to Climate Change in Sub-Saharan Africa (LGACC) project will serve as insights for 

policy recommendations on resilience and climate adaptation programs in the Sudano-Sahelian 

zone. 
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1.2. Study objectives and research questions 
Three objectives are targeted for this research study. The first one is to assess the livelihood 

strategies of pastoralists and agro-pastoralists by focusing on the five capitals. The nature of the 

capitals owned/accessed by the surveyed households will be presented and differentiated along 

respondents’ main occupations and geographical locations. The second one is to analyse perception 

and adaptation to climate change and variability of pastoralist and agro-pastoralist households. 

Perception of climate change precedes adaptation as it guides agricultural households’ actions on 

adaptation to climate change. The third one is to understand the relationship between the five 

household assets/capitals complemented by other key factors and the adaptation strategies used in 

crop and livestock production system. This latter objective will help us to identify: i) which assets are 

of particular importance for the adaptive capacity of pastoral and agro-pastoral households and 

communities; as well as ii) How assets determine the choice of adaptation practices among 

pastoralist and agro-pastoral households. 

II. MATERIALS AND METHODS 

2.1. Study area description 
The study area is the pastoral zone of Sondré-Est and its surrounding villages. Sondré-Est was 

purposively selected by the project team during the scoping study because of the presence of 

pastoral and agro-pastoral communities and the good practices in common pastoral resources 

governance at landscape level, which are the foci of the LGACC project. 

2.1.1. Study sites location 
The pastoral zone of Sondré-Est is a territory of 16,460 ha that was created in 1977. Pastoralists 

originating from the northern territories of the country have settled in and around the pastoral zone 

since that time. It is composed of four residential sectors and is part of the administrative 

jurisdiction of Bindé municipality. The selected villages and interviewed households in the pastoral 

zone and in its surroundings are presented in figure 1. 
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Figure 1. Study sites location and households interviewed 
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2.1.2. Bio physical characteristics: Climate, hydrology and Vegetation 

The study area is located in the Sudano-Sahelian climate zone, the biggest of three climatic zones in 

Burkina Faso, in which the climate is characterized by an alternation of dry season (November – 

May) and rainy season (June - October). The average annual precipitation varies between 600 – 900 

mm with high spatio-temporal variation. Temperature also varies depending on the month and the 

season of the year. The average temperature is 28°C. The study area is crossed by several important 

rivers including the Nakambé (Red Volta) and several small seasonal feeder rivers. The vegetation is 

typical north Sudanian vegetation shaped by a combination of climatic factors and anthropogenic 

influences. The vegetation is dominated by wooded and shrub savannah and gallery forests along 

rivers and water bodies. The flora is composed of Anogeisus leocarpa, Acacia sp., Balanites 

aegyptiaca and Piliostigma reticulatum and P. thoningui for trees and shrub species, alongside 

annual or perennial grass such Andropogon gayanus, Pennisetum pedicelata, etc (Tiemtoré, 1997). 

2.1.3 Socio-demographic characteristics 

The pastoral zone of Sondré-Est is mainly populated by Fulani pastoralists while the surrounding 

villages are dominated by members of the Mossi and Bissa ethnic groups. Some Fulani pastoralists 

are also found in these villages. The main production activity in the pastoral zone is livestock rearing, 

while crop production remains marginal. In the surrounding villages, the main activities are 

subsistence crop production, livestock rearing, petty trade and other off-farm activities. Livestock 

species reared are cattle, sheep and goats. Main food crops cultivated are sorghum, millet, rice and 

maize, while cotton, cowpea and groundnuts are cultivated as cash crops.  

For the purpose of our study we only focus on pastoralist and agro-pastoralist households, while 

specialised crop famers are not considered. 

2.2. Methodology  

2.2.1. Conceptual framework for adaptive capacity assessment  

The conceptual framework adopted for the adaptive capacity assessment is inspired by Turner et al. 

(2003) who developed an integrated conceptual framework that accounts for interactions among 

the three dimensions of vulnerability (exposure, sensitivity and adaptive capacity) and includes 

multiple linkages between the human and bio-physical environment. Adaptive capacity is an integral 

part of the most common vulnerability and resilience frameworks (Engle, 2001). To operationalize 

the concept of adaptive capacity at the community and household level, we use the Local Adaptive 

Capacity framework (figure 2) that is based on the Sustainable Livelihoods Framework (SLF). 
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Source: Levine et al. 2011 

Figure 2.  ACCRA framework for thinking about Local Adaptive Capacity  

 

This framework underpins our analysis to understand how the ability to adapt influences the 

selection of adaptation strategies. Ability to adapt is determined by the five interrelated components 

of the framework, which together represents the determinants of the selection of adaptation 

strategies. In the context of this research, adaptive capacity is understood as the potential of a 

person or group to implement coping mechanisms and adaptation strategies in order to adjust to 

and reduce the potential impact of climate hazards. Adaptation strategies can be planned or 

reactive, individual or institutional, short or long term and together determine the resilience of a 

system. According to the definition of IPCC (2001) adaptive capacity is the “potential, capability, or 

ability of a system to adapt to climate change stimuli or their effects or impacts”. Adaptive capacity, 

together with exposure and sensitivity to climate change, affects the vulnerability of the system to 

climate change. Increasing a person’s or a group’s adaptive capacity, alongside reducing their 

sensitivity and altering their exposure to climate change, thus potentially reduces their vulnerability 

to climate change. Vulnerability is “the degree to which a system is susceptible to or unable to cope 

with, adverse effects of climate change, including climate variability and extremes” (IPCC 2001).  

In this study, rather than characterizing adaptive capacity by constructing a composite indicator of 

adaptive capacity (Vincent, 2004, 2007), we will assess adaptive capacity through the different 

adaptive options that households are using to respond to climate stress and identify the particular 

assets that allow households to engage in their adaptive strategies.   
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Prior to analyzing the adaptation strategies of households, we assess the characteristics of access to 

and ownership to assets as such to have an overall understanding of the types of assets that for the 

respondents can draw on for their livelihood. In the context of this study, and in line with the SLF, 

“assets” are defined as being synonymous to “resources” or “capital” in a broad sense; i.e. 

something that can be used to provide a livelihood. A livelihood comprises the capabilities, assets 

(including both material and immaterial resources) and activities required for a means of living. A 

livelihood is sustainable when it can cope with and recover from stresses and shocks, maintain or 

enhance its capabilities and assets, while not undermining the natural resource base (Scoones, 

1998). The five key capitals as described in the SLF (DFID 1999) are physical capital (including 

infrastructure for shelter, energy and water supply, for transport and communications, and for 

production), human capital (including good health, the ability to work, as well as skills and 

knowledge), natural capital (including natural resources of land, water, etc.), financial capital 

(including savings, credit, remittances, pensions), and social capital (including relationships and 

networks with other people). The list of indicators retained for each category of capital in the assets 

assessment is presented in table 1. 
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 Table 1 List of selected indicators for asset assessment  

Types of households 
capitals 

Indicators retained for the analyses 

Human capital - Age of the household head 

- Education level of the household head 

- Female spouse literacy 

- Household size 

Physical capital - Aggregate index that encompasses ownership of household equipment 

such as radio, TV, cell phone, bicycle, motorbike, as well as farm equipment  

such as,  cart, water pump, ox plough, and access to road infrastructures.  

Financial capital - Access to micro-credit institutions (formal, informal, community or NGOs 

lending institutions) 

- Ownership of livestock (cattle, goats and sheep) 

Social capital - Membership in farmers’ group or association  

- Assistance from friends, relatives and government 

Natural capital - Access to agricultural land, pasture and crop residues 

- Land quality for crop and fodder production 

 

2.2.2. Data collection 

2.2.2.1 Households sampling procedure 

To identify the households that would be sampled in the research, we used stratified purposive 

sampling.  First, the pastoral zone of Sondré-Est and its surrounding villages were selected for the 

survey. Then, in each of these areas, two distinct groups of households were identified and 

randomly selected based on their primary livelihood activity. These are pastoralist and agro-

pastoralist households. Based on the study of Gonnin et al. (2011), we assume that settled 

pastoralist households’ are households whose primary livelihood is pastoral livestock rearing, while 

subsistence cropping and other off-farm activities are secondary. On the other hand, agro-pastoralist 

households in this study are defined as households who are involved in crop and livestock husbandry 

as their main livelihood activities. Since the study focuses on pastoralist and agro-pastoralist 

households, specialised crop farmers, who only use livestock for ploughing, are not considered and 

thus excluded from this study. Based on these preconditions, we used the total number of 

pastoralists or agro-pastoralists in Sondré-Est and the surrounding villages as our sampling frame.  

A sample of 500 households was targeted to allow for statistical relevance. We randomly selected 

respondents in Sondré-Est and in the surrounding villages in line with the proportion of the total 

population of agro-pastoralists and pastoralists in the two areas. So, in total, 62% of respondents are 

from the pastoral zone of Sondré-Est and the remaining 38% are from the surrounding villages. At 

last, a total of 503 households were interviewed during the survey. The list of selected villages and 
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number of households selected per village is indicated in table 1. The sampling frame was obtained 

during Focus-group discussions, key-informant interviews and information obtained from 

government extension services.  

2.2.2.2. Asset base household survey  

Regarding the survey, a structured questionnaire was administered to the selected respondents and 

households. Prior to the household survey, Focus-group discussions were held to obtain qualitative 

information about production systems and livelihood activities and strategies.  

The questionnaire administered to respondents comprises different sections: i) section 1 includes 

demographic information on respondents, households, as well as human assets, ii) section 2 refers 

to physical assets including household assets and access to physical infrastructures, iii) section 3 

deals with natural assets, including questions of access to and ownership of these natural assets, iv) 

section 4 is concerned with financial assets and section 5 addresses social assets. In addition to 

analysing the five main types of capitals indicated, the questionnaire also covers households’ 

perceptions of natural resource availability, seasonality and change as well as governance and access 

to information (section 6). The last section of the questionnaire addresses the adoption of climate 

change adaptation options such as farm technologies, options and strategies in crop and livestock 

farming, as well as social and livelihood strategies (section 7).  

The questionnaire was designed in French and administrated in local language (Moore) by trained 

enumerators with graduate degrees. The questionnaire was pre-tested with ten heads of pastoralist 

and agro-pastoralist households. The survey was implemented from 28 March to 15 April 2016 using 

ODK platform2. 

Table 2. List of selected villages and sampled households 

N° Selected villages  Number of Households 
1 Kaïbo nord (V1) 31 

2 Kaïbo nord (V2) 47 

3 Kaïbo nord (V3) 32 

4 Kaïbo nord (V4) 36 

5 Teyoko 18 

6 Tigré 50 

9 Koulwoko 30 

10 Sondré Village 19 

11 Sondré-Est Secteur 1 72 

12 Sondré-Est Secteur 2 71 

13 Sondré-Est Secteur 3 35 

                                                             
2 Open Data Kit is a free and open-source set of tools which help organizations author, field, and manage 

mobile data collection solutions, https://opendatakit.org/ 
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14 Sondré-Est secteur 4 78 

 

2.2.3. Data Analyses 

Data analysis approaches include descriptive statistics and Multivariate probit (MVP). These analyses 

were performed using STATA version 14.  

2.2.3.1. Descriptive statistics 

Descriptive statistics were used to summarize households’ main socio-economic characteristics, 

asset availability and distribution, perception of climate change (rainfall and temperature patterns), 

adoption of climate change adaptation practices in crop, livestock and agroforestry systems, as well 

as evaluations of effectiveness of these strategies. Crosstabs (contingent tables) analyses in SPSS 22 

and Chi square test were applied to the assets’ data to identify difference with regard to location 

and primary livelihood of the respondents, and post hoc comparisons are reported for main 

livelihoods and locations. Significance was declared at p≤ 0.05 and only significant differences are 

reported in tables or figures and verbalised in the discussion both for primary livelihood and location 

of respondents. 

2.2.3.2. Multivariate probit analyses (MVP) 

The MVP analyses aim at identifying key determinants of adaptation choices based on households’ 

access to and ownership of the five main capitals analysed, namely social, human, financial, natural 

and physical capitals. This empirical approach was successfully used by several previous studies to 

assess factors affecting the choices farmers make in the context of climate change adaptation 

strategies in the agricultural sector (Apati, 2011; Greene, 2012; Nhemachena et al., 2014; Adimassu 

and Kessler 2016). The MVP simultaneously models the influence of a set of explanatory variables on 

adaptation strategies used by farmers; it also allows to understand the potential correlation 

between unobserved disturbances, as well as the relationship between the different practices 

(Kassie et al., 2009).  

Based on our previous investigation in the study areas, we considered that since farmers use several 

adaptation strategies simultaneously, the appropriate modelling procedure should not be univariate, 

but needs to take into account the interactions and possible simultaneity of the adaptation 

strategies adopted. This is also supported by the fact that farmers in general are more likely to adopt 

a mix of strategies to deal with a multitude of agricultural production constraints than adopting a 

single coping or adaptation strategy (Kassie et al. 2013).  
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Following the approach taken by Lin et al. (2005), the MVP model for this study is characterized by a 

set of m binary dependent variables Yhj such that: 

Y∗hj = X’hj βj + uhj and         (Eq 1) 

Yhj = 1, if Y∗hj > 0 and 0 otherwise       (Eq 2) 

Where j = 1, 2 . . .m denotes the type of adaptation strategy available; X’hj is a vector of explanatory 

variables, βj denotes the vector of parameters to be estimated, and uhj are random error terms 

distributed as multivariate normal distribution with zero mean and unitary variance. It is assumed 

that a rational hth farmer has a latent variable Y∗hj which captures the unobserved preferences or 

demand associated with the jth choice of adaptation strategy. 

2.2.3.2.1. Independent variables included in the MVP model 

Based on previous research undertaken in Burkina Faso (Zampaligré et al., 2013 and Kima et al., 

2014) and other climate change adaptation literature (Hassan and Nchemechena, 2006, Deressa et 

al., 2009, Apati, 2011; Coulibaly et al., 2015 and Adimassu and Kessler, 2016), indicators used in the 

model included key household capitals, access to climate and agronomic information as showed in 

Annex 2. 

The variable human capital is represented by head of household age, level of education and spouse 

literacy. Level of education and spouse literacy provide basic information on individual or 

household’s ability to understand technical aspects of climate change information and agricultural 

technologies. This can improve decision-making to adopt appropriate adaptation strategies. The age 

of the head of household is used as proxy for farming experience and knowledge on climate change 

as it is assumed that older farmers have experienced past and present weather conditions and 

should have adjusted their farming systems to cope with observed climate change and its impacts on 

their farming and livestock husbandry. 

Financial capital is represented by livestock ownership and access to credit. Livestock ownership can 

be used as a proxy for financial asset because, in addition to its multiple socio-economic and cultural 

roles, livestock also has a financial value in rural areas of developing countries due to persistent 

absence of credit and financial markets (Swanepoel et al., 2010). In fact, livestock (small and large 

ruminants as well as poultry) is perceived as a savings account or insurance, which can provide cash 

and smoothen consumption in times of need (Moll 2005, cited in Swanepoel et al., 2010). Access to 

credit potentially facilitates the adoption of new technologies because it allows farmers to overcome 

situations in which lack of income hinders the adoption of such technologies (Nhemachena and 
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Hassan, 2007). It is also assumed that higher income enables households to absorb and to recover 

from climate losses and damages quicker than those with lower income levels (Deressa et al. 2011). 

Social capital is represented by assistance from friends, relatives and government as well 

membership in farmers’ group. Assistance from government, in terms of access to free extension 

services and training, for instance, enables farmers to have better knowledge and information on 

weather conditions, appropriate management practices and potentially provides them access to 

training on new agricultural practices. Farmers with assistance have better chances to cope with 

climate risks by using appropriate technologies. Family members contribute also to social capital 

formation as household members provide labour for farm activities. Membership in famers’ groups 

helps farmers to be socially connected and increase chances of accessing information and other 

services essential for their livelihood activities. 

Physical capital in this study refers to an asset index used as proxy to capture household physical 

capital which includes agricultural equipment, housing quality and access to infrastructure. The asset 

index was constructed following the method of Gbetibouo et al. (2003) using principal component 

analyses (PCA). The index constructed encompasses ownership of household equipment such as 

radio, TV, cell phone, bicycle, motorbike, as well as farm equipment such as, cart, water pump, ox 

plough, and access to road infrastructures (see annexe 2 for more details).  

Natural capital is analysed in terms of ownership or access to quality lands. Quality land is a proxy 

for farm income as productive land leads to good crop yields and production level. The higher the 

yield, the greater is the household potential to satisfy home consumption needs and to generate 

farm income from selling extra crops and cash crops. 

2.2.3.2. 2. Dependent variables 

Six dummy dependent variables were selected for this study: crop diversification, use of chemical 

fertilizer, use of improved seeds, fodder cropping, transhumance and livestock fattening. The choice 

of these dependent variables in the equation was based on literature review and the suitability of 

each adaptation for pastoralists and agro-pastoralists in the study area. All the six variables are 

action-oriented strategies identified as good climate adaptation strategies in the Sahel region 

(Savadogo et al., 2011, CILSS, 2012). Some of these strategies have been promoted by government 

extension services and NGOs to overcome negative impacts of climate change on the livestock and 

the wider agricultural sectors in Burkina Faso. The list of all recorded adaptations strategies and level 

of adoption by pastoral and agro pastoral households are given in annexe 3.  
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III. RESULTS AND DISCUSSION 

3.1. Respondents’ profile 
The socio-economic characteristics of the sampled households are summarised in table 3. 

Households interviewed are almost exclusively male headed and only 7.37% have primary or 

secondary school education level, the other are illiterate (90.85%). Regarding their primary 

livelihood strategy, 62.6% are settled pastoralists and 37.4% agro-pastoralists. Ethnic groups found 

in the study area are mainly Fulani/Peulh, Mossi and Bissa. The overwhelming majority of 

respondents are migrants and belong in majority to the Mossi and Peulh ethnic groups who were 

settled through the AVV (Aménagement des Vallées de la Volta) program in the 1990s. The 

household average size is 10 persons per family. The mean farm size is 2.28 ha with livestock herd 

size being dominated by those holding about 50 to 100 heads of cattle (93.25%) and small ruminants 

(92.65%).  

Pastoralist households have smaller crop farm areas ranging from 0.5 to 1.5 ha, while the agro-

pastoralists have much larger crop farm areas (3.5 to 7 ha). With regard to livestock husbandry, the 

main species kept are cattle, goats and sheep and some poultry. Large herds are owned by 

pastoralists while agro-pastoralists mostly have smaller herd sizes, typically ranging from 0 to 50 

heads of livestock. The sampled households have similar characteristics to those described by Vall et 

al. (2006) and Gonin et al. (2011) for pastoralists and agro-pastoralists in the Sudanian zone in 

western Burkina Faso. Both groups engage in crop and livestock farming as livelihood activities but 

the degree and importance of both differ. 

Settled pastoralists in the pastoral zone own land for production of both food and fodder crops, but 

they continue to practise their pastoral livestock husbandry system. The latter includes a feeding 

system based on rangeland and little use of agricultural by-products, as well as active transhumance 

southward during dry seasons and drought years.  A majority of agro-pastoralists in the study area 

are former specialised crop farmers currently engaged in livestock keeping with medium to large 

herds, in addition to the using animals to plough their farms.  Since the great drought in the Sahel 

region in the 1970s, agro-pastoralism has increasingly been considered as a more sustainable 

livelihood strategy than specialised crop farming to climate change in the Sahel region, due to its 

multiple benefits for soil fertility management, animal power of ploughing, and use of crop residues 

as livestock feeds, and can thus be described as adaptation strategy.  
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Table 3. Household main socio economic characteristics 

Variables Frequency Percentage 
Head of household Education Level   

No education 457 90.85 

Primary school 37 7.36 

Secondary 9 1.8 

Head of household gender   

Female 4 0.8 

Male 499 99.2 

Head of household ethnicity   

Mossi 165 32.8 

Peulh 327 65.01 

Bissa 11 2.19 

Head of household religion   

Christianity 65 12.92 

Islam 437 86.88 

Other religion 1 0.2 

Number of observations N= 502 

 

3.2. Characteristics of household livelihoods: the five 

key capitals  
All the analyses of the households’ five capitals are disaggregated by primary livelihoods and 

geographical locations.  

3.2.1. Human capital  

Table 4 reports the descriptive statistics for the selected indicators of human capital. A majority of 

respondents (86.7% for agro-pastoralist and 93.3% for pastoralists) in the study area are illiterate 

regardless of geographical locations. However, 23% of agro-pastoralist and 23.1% of pastoralist 

households spouse can read at least one page regardless to their location but about 55% of them is 

the pastoral zone can read at least one page due alphabetisation program in the zone. Most 

respondents (77.7% and 59.6% for agro-pastoralists and pastoralists, respectively) range in the age 

bracket of 35 to 65 years. Average household size is 11 and 9 persons respectively for agro-

pastoralist and pastoralist households. Human resources characteristics in the study area are similar 

to other rural households in Burkina Faso with regard to education and households’ size. There is no 

significant difference (for p≤0.05) in the characteristics between respondents in or outside of the 

pastoral zone. The relatively big average size of pastoralist households is likely to be a consequence 

of their settlement in the pastoral zone they have adopted a sedentary lifestyle and got involved in 
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agricultural activities which required labor. The analyses also indicated that except average 

household size and number of active persons involved in agro-pastorals activities, no significant 

differences was found among the responds based on location and their primary livelihood. 

Table 4. Description of household human capitals in the study area 

 Variables description  Agro-pastoralist households  Pastoralist households 
Nbg villages Pastoral 

zone 
All APH  Nbg 

villages 
Pastoral 

zone 
All PHH 

Education level 

  

  

  

Illiterate  86.6 88.9 86.7  90.8 94 93.3 

Primary  11.8 0 0.5  9.2 4 0.6 

College 1.2 0 2.1  0 0 0.6 

Others  0.6 11.1 3.2  3.1 2 0.6 

Age (Years) 

  

[18- 35] 14.5 44.4 16  20 39 35 

[35-65] 78.8 55.6 77.7  67.7 57.4 59.6 

≥ 65  6.7 0 6.4  12.3 3.6 5.4 

Female Spouse literacy 

  

Illiterate  78.7 44.4 77  76.9 76.9 76.9 

Educated 21.3 55.6 23  23.1 23.1 23.1 

Nbg=neighbouring 

 

3.2.2. Physical capital  

Table 5 indicates the proportion of respondent households that own key physical assets, 

differentiated by primary livelihood type and location. Concerning communication assets, 66.2% of 

agro-pastoralist respondents and 89.4% of pastoralist respondents reported owning radios, and 

70.7% of agro-pastoralist respondents and 80.9% of pastoralist respondents owned cell phones. Only 

5.1% of agro-pastoralists and 10.1% of pastoralists have a TV. Concerning farm equipment, more 

agro-pastoralist respondents own farm capitals than pastoralists, with significant difference (p ≤ 

0.001) between locations. In fact, the farm equipment mostly used in the study area and retained for 

the analyses serve for crop production, which explains why more agro-pastoralists own these assets. 

The same trend can be observed for transport assets but without any difference between locations. 

For access to electricity through solar panels, more agro-pastoralist households (33.5.5%) own 

panels compared to pastoralists (13.7%). Other key infrastructures found in the zone at community 

level are artificial dams established for livestock watering purpose, 22 pumps both for human and 

livestock water consumption, livestock healthcare park as well alphabetisation centres and one 

primary school for the entire pastoral zone.   
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Table 5. Availability and distribution of household physical capitals 

 Variables  
description 

Agro-pastoralist households  Pastoralist households 

Nbg villages Pastoral zone All APH  Nbg villages Pastoral zone All 
PHH 

Household assets (physical assets owned by the respondent households) 

    Radio 72.1 44.4 70.7  80.0 62.7 66.2 

    Television 10.6 0.0 10.1  7.7 4.4 5.1 

    Cell phone 88.8 100.0 89.4  87.7 79.1 80.9 

    Solar panel 34.6 11.1 33.5  13.8 13.7 13.7 

Farm assets (physical assets owned by the respondent households for farm activities) 

    Ox Ploughs 69.8 66.7 69.7  46.2 27.7 31.5 

    Water pump 1 25.7 0.0 24.5  9.2 14.1 13.1 

    Water pump 2 3.4 0.0 3.2  0.0 0.4 0.3 

Transport assets (physical owned by the respondent households for transportation) 

    Bicycle 92.7 66.7 91.5  93.8 81.9 84.4 

    Motorcycle 55.9 22.2 54.3  52.3 47.8 48.7 

    Cart  74.9 33.3 72.9  76.9 53.0 58.0 

Nbg=neighbouring 

 

3.2.3. Natural capital  

Table 6 presents the proportion of households that own or have access to key natural capitals. A 

majority of the respondents report owning land, while indicating that the most common mode of 

land ownership is non-formal private land ownership based on customary rights or permission to 

occupy rather than official documentation. Agricultural households holding land titles are very rare 

in the study area. Most of the respondents have been permitted to occupy or to use the land 

through customary right (inheritance, donation, legacy; especially for those in neighbouring villages) 

or been given permission to occupy by the government (for example for the pastoral zone through 

its delimitation and associated regulation and management rules, compiled in the cahier de charge). 

Average (and standard deviation) land size in hectare (ha) is 5.14 (±2.34) with about 3.27 (±1.71) 

under crops for agro-pastoralists. For pastoralist households the average land size is 3.72 (±2.16) ha 

with about 2.74 (±1.21) ha under crops. Significant differences are found with regard to land size 

owned and under crops for agro-pastoral activities in the study area. Agro-pastoralist households 

have bigger land sizes compared to pastoralists (p≤0.05) due to the dominance of crop production 

activities. It is stated in the “cahier de charge” of the Pastoral zone that each established household 

in the pastoral zone has six ha distributed as follows: 1 ha for housing, 2.5 ha for food crops in which 

0.5 ha is for vegetable cultivation of the wife of head of the household, 1.5 ha for fodder cropping, 
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and 1 ha for fallow practices. However, because of population growth and the resulting increase of 

household number in the pastoral zone, the total land size per household has changed due the 

redistribution of land to the newly created households through customary right. Typically, the older 

heads of household share their properties with their adult sons who are married and wish to have 

their own separate households. That situation provides background for the current land sizes in the 

pastoral zone, as indicated in table 5. In addition to land owned by each household, within the 

pastoral zone, as well as in the neighbouring villages, there are common grazing areas dedicated to 

livestock pasturing. In each sector in the pastoral zone, there is a grazing area dedicated to livestock 

grazing and there are rules for access and use of the pastoral resources on those grazing areas. 

Rights for access and use of the resources depend on the location of the household (outside or 

inside of the pastoral zone), the size of household and livestock herd. The same rules are applied for 

access to and use of watering points for livestock and human consumption established in the 

pastoral zone. Regarding the accessibility of those key resources, respondents in majority report 

having good access and use of the key pastoral resources in the zone and the study area as indicated 

in table 5. Very few respondents report facing difficulties to access and use the pastoral 

infrastructures. With regard to access to common pasture and crop residues, respondents in 

majority report having a fair or good access to those forage resources, and only very few (less than 

5%) have severe problems of access, meaning that they do not have access.   

Table 6. Availability and distribution of natural Capitals 

Variables 
description 

Agro-pastoralist households Pastoralist households 
Nbg 
Villages 

Pastoral 
zone 

All 
APHH 

Nbg 
Villages 

Pastoral 
zone 

All 
PHH 

Land ownership or Access 
No 0.0 11.1 0.5 0.0 0.8 0.6 

Yes 100.0 88.9 99.5 100.0 99.2 99.4 

Conditions of land ownership 
Land title 0.0 25.0 1.1 0.0 9.2 7.3 

Permitted to occupy 39.1 50.0 39.6 36.9 65.1 59.2 

Customary right 59.2 25.0 57.8 63.1 24.1 32.2 

Others 1.7 0.0 1.6 0.0 1.6 1.2 

Access to livestock grazing area 
1No problems at all  38.0 55.6 38.8 12.3 36.1 31.2 

2Small problems  31.3 0.0 29.8 44.6 36.9 38.5 

3Some problems  26.3 44.4 27.1 43.1 25.3 29.0 

4Severe problems  3.4 0.0 3.2 0.0 1.6 1.3 

Not relevant  1.1 0.0 1.1 0.0 0.0 0.0 

Access to crop residues as livestock feed 
No problems at all  21.8 0.0 20.7 9.2 19.7 17.5 

Small problems  39.1 22.2 38.3 23.1 32.5 30.6 
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Some problems  37.4 77.8 39.4 66.2 46.6 50.6 

Severe problems  1.1 0.0 1.1 1.5 0.4 0.6 

Not relevant  0.6 0.0 0.5 0.0 0.8 0.6 

Note: 1 = We did not experience any problems accessing crop residues for our livestock, 2 =We could access most but not the entire crop 
residues needed for our livestock, 3 = We had problems but managed to access crop residues for our livestock, 4=We could not access 
crop residues at all for our livestock. 

 

3.2.4. Financial capital  

The results of table 7 indicate that there is very low access to credit and to financial institution in the 

study zone. In light of a very shallow penetration of formal financial institutions, the financial capital 

of a household is more commonly assessed by considering livestock ownership. All interviewed 

households own livestock and the main species kept are cattle, sheep, goats, poultry and donkeys. 

There are differences of livestock herd sizes owned by households with respect to their main 

livelihood and location. Majority of agro-pastoralist households own livestock herds with fewer than 

50 heads (is 94.1% and 89.9% for large and small livestock respectively), while for pastoralist 

households, the proportion of those owning fewer than 50 heads of livestock is 33% for small and 

33% for large livestock. About 50% have herd size ranging from 50 to 100 heads of animals and 8% of 

pastoralist has herd ranging from 100 to 150 heads. Very few pastoralists own livestock herds with 

more than 150 heads (3.2%). As expected, more pastoralist households have larger herd sizes 

compared to the agro-pastoralists but there is no significant difference with regard to their location 

in or out of the pastoral zone.  

Table 7. Availability and distribution of financial capitals 

Variables description 
(access and ownership) 

Agro-pastoralist households Pastoralist households 
Nbg 

Villages 
Pastoral 

zone 
Total Nbg 

Villages 
Pastoral 

zone 
Total 

Informal lending org 6.1 22.2 6.9 30.8 9.2 13.7 

NGO credit inst. 5.6 0 5.3 1.5 0.4 0.6 

Number of cattle owned 
less than 50 95.5 66.7 94.1 56.9 59.8 59.2 

50 to 100 3.9 33.3 5.3 29.2 29.7 29.6 

100 to 150 0 0 0 9.2 6.8 7.3 

150 to 200 0.6 0 0.5 1.5 1.6 1.6 

more than 200 0 0 0 3.1 2 2.2 

Number of small ruminants owned (sheep and goats) 
less than 50 92.2 44.4 89.9 55.4 52.6 53.2 

50 to 100 7.3 55.6 9.6 32.3 36.1 35.4 

100 to 150 0.6 0 0.5 9.2 8 8.3 

150 to 200 0 0 0 0 2 1.6 

more than 200 0 0 0 3.1 1.2 1.6 
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Nbg=neighbouring 

In general, pastoralists usually own more livestock than the agro-pastoralists due to the dominant 

role of livestock in their livelihood strategy, but livestock remains an important household capital in 

rural areas both as financial and productive asset in pastoral and agro-pastoral communities. In 

addition, at landscape level, some facilities such as livestock markets are found in nearby cities 

where pastoralists and agro-pastoralists can sell their livestock at better prices as these markets 

attract national and international traders especially from Ghana. Small ruminants (sheep and goats) 

and poultry in the context of the West African Sahel are frequently sold for purchase of key 

household items and support household expenditures such as school fees, heath care, and social 

gatherings, and can therefore be considered as a direct mean of accessing cash. In the absence of 

formal financial institutions, small livestock is used as saving account for rural people. In light of this 

fact, numerous studies emphasise the role of livestock as financial capital in rural Africa. Large 

livestock is usually sold to cover bigger expenditures like buying a motorbike, constructing a new 

house or for weddings of the head of households. It is important to note that for pastoralists beside 

the financial and productive roles, livestock also plays important social and cultural roles. Most 

importantly, livestock is related to the prestige of a person, so the larger the herds, the higher the 

prestige. This forms an important part of the cultural identity of the Fulani/Peulh.  

3.2.4. Social capital  

Social capital in our study is measured in terms of membership in farmers’ groups or associations, as 

well as in ability to obtain assistance from friends, relatives and government. Results in table 8 show 

that, more than 50% of respondents are member of farmer groups3 regardless of their location and 

primary livelihoods. Concerning assistance, most of the respondents do receive assistance from 

friends and relatives, while very few reports having received assistance from government in the 

previous 12 months. Most of the assistance received is food, cash money and livestock feed during 

the dry season when some households lack financial means to take care of their family and livestock. 

Sporadic assistance from government is often livestock feed subvention as reported during Focus-

group discussions with the pastoralists of the pastoral zone of Sondré-Est. Assistance from NGOs4 

usually comes in the form of farm equipment such as sickles, carts and support for the construction 

of fenils to promote hay making and fodder cropping. Solidarity among community members and 

use of social networks are the most common source of social capital in the study area. In our study 

areas, NGOs and government intervention in rural sectors for livestock and crop production is 

                                                             
3 Unfortunately no information is available about the precise nature and characteristics of these groups. 

4 Unfortunately the asset assessment team does not have further information about NGOs present in the area. 
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perceived as marginal since the termination of big development programs such Aménagement des 

Vallées de la Volta and Programme de Development Intégré in the years 1990 and 2000 respectively. 

Pastoralists also express the opinion to not have gotten enough attention from government and 

development NGOs. 

 

Table 8. Availabilty and distribution of household social asset in the study area 

Variables Agro-pastoralist households  

 

Pastoralist households 

 

Nbg 

Village 

Pastoral 

zone 

All APHH  Nbg  

Village 

Pastoral 

zone 

All PHH 

Member of association 53.6 66.7 54.3  43.1 55 52.5 

Assistance from friends 79.8 62.5 79  75.8 69.7 71 

Assistance from relative  

in the village 

88.3 37.5 86  77.4 72 73.1 

Assistance from relative 

outside of the village 

66.7 22.2 64.4  46.2 45.2 45.4 

Assistance from government 3.9 0 3.7  0 10 8 

Nbg=neighbouring 

 

3.2.5. Respondents’ access to climate and agronomic information  

Access to information is fairly good in the study area both for climatic and agronomic information 

used to plan agro-pastoral activities, as reported in table 9. The results show that a higher 

proportion of pastoralists have access to climate information and also look for information on 

pastoral resource availability (water and pasture), which are key resources for their livestock and 

livelihood strategies. Climate related information (weather forecasting, climate change prediction, 

variability and occurrence of extreme events, as well the negative impacts of climate and variability) 

is key for decision-making processes both for farmers and policy makers on the choice of 

appropriate adaptation strategies at any level (local, national and regional) (Frankhauser et al., 1999, 

Giorgi et al., 2009).  Information on the availability and accessibility of appropriate climate-smart 

strategies and practices can encourage their adoption and contribute to strengthening farmers’ 

adaptive capacity. A recent CCAFS/West Africa study emphasises the value and benefits of using 

seasonal forecasts in agriculture (Ouédraogo et al., 2015). Access to agronomic information, on the 

other hand, is better among agro-pastoral households, particularly those located outside of the 

pastoral zone. Location, overall, seems to be more important for the access to agronomic 

information than primary livelihood, with residents of the pastoral zone having less access to such 

information than those living in the surrounding villages. 
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Table 9. Access to information on climate, weather forecast and availability of key 
pastoral resources 

Variables Agro-pastoralist households  Pastoralist households 

Nbg 

Villages 

Pastoral 

zone 

All APHH  Nbg 

Villages 

Pastoral 

zone 

All PHH 

Seasonal forecasts  57 44.4 56.4  69.2 69.1 69.1 

Pasture availability 58.7 77.8 59.6  78.5 79.5 79.3 

Water availability 55.3 100 57.4  64.6 78.7 75.8 

Climate information  63.7 44.4 62.8  46.2 41 42 

Agronomic information 72.6 33.3 70.7  50.8 33.7 37.3 

 

3.3. Perception of climate change and variability and 

adoption of local adaptation practices 

3.3. 1. Farmers perception of climate change and variability  

In terms of perceptions of climate change and variability in the study area, we used factors such as 

number of hot days, rain days per season, flood and drought occurrence within the previous 30 

years instead of classic variables such as temperature and rainfall that previous studies have already 

investigated (Barbier et al 2009, Mertz et al 2012 and Zampaligre et al. 2013). The results presented 

in table 10 indicate that a majority of respondents perceive an increased number of hot days 

(96.03%) and drought occurrence, while the number of rain days is perceived as decreasing by 95.23 

% of respondents. In addition, respondents report that the observed changes have an impact on 

their crop and livestock production as well as on their livelihoods strategies. These results imply that 

as changes are observed and impacts perceived, farmers might take adaptation strategies to 

overcome the constraints and associated challenges. In fact, perception of climate changes by local 

farmers is a precondition of adaptation strategies adoption in agricultural sector (Madison, 2006).  

 

Table 10. Farmer’s perception of climate change during the last 30 years 

Climate variables Perceptions Percentage 
 
 
Number of rainy days 
  

Decreased 95.23 

Unchanged 0.8 

Increased 3.58 

Don’t know 0.4 

 
 

Decreased 46.52 

Unchanged 7.95 
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Floods occurrence 
   

Increased 44.33 

Don’t know 1.19 

 
 
Droughts occurrence 
  

Decreased 12.73 

Unchanged 1.39 

Increased 85.68 

Don’t know 0.2 

 
 
Number of hot days 
  

Decreased 2.39 

Unchanged 1.39 

Increased 96.03 

Don’t know 0.2 

 

The next section will identify and discuss the main adaptation strategies in crop and livestock 

production system uptake both by pastoralists and agro pastoralist households in the study area. 

3.3.2. Analysis of adoption of actual adaptation practices 

In response to the perceived climate change which has impacts on farmers’ production systems and 

livelihoods strategies, a number of adaptation practices at household level are taken up to cope with 

or adapt to climate change and variability. These adaptation practices ranged from agricultural 

productivity enhancing technologies in the face of climate shocks, to improved livestock 

management and households’ welfare. Different adaptation options are adopted in combination, 

due to the complexity and diversity of the production and livelihood systems in the study area. A 

detailed list of adaptation practices and level of adoption at household level differentiated by 

primary livelihood and location are presented in annexe 3. In the following paragraph the most 

common adaptation practices used in the study area are presented and discussed by main 

agricultural production systems (agro-pastoralist and pastoralist). 

 

3.3.2.1 Adaptation practices related to the livestock production system 

In the livestock production system, the most common adaptation practices and proportion of 

respondents involved at the household level are presented in figure 3. In order of priority, the most 

frequently reported adaptation practices are use of crop residues as livestock feed, practice of 

transhumance, practice of herd destocking followed by herd splitting and livestock fattening.  

Use of crop residues as livestock feed is an important source of feed for both pastoral and agro 

pastoral livestock. Further, crop residue is a valuable source of organic matter for farming as it 

increases soil fertility, improves crop yield and provides many other ecosystem services such as 

decline in soil erosion, run off of water and fertilizer, and it contributes to soil carbon sequestration.  
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The most common crop residues used by livestock in the study are residues from cereal crops 

including millet, sorghum, maize and rice, as well as legume crops, such as cow peas and 

groundnuts. When the crop residues are not left on farm to feed livestock or to improve soil fertility, 

they are stored for dry season uses, and cereal stems are often grazed directly on cropped fields 

directly after grains are harvested. On-field feeding of crop residues is however not leading to a 

complete removal of the residues and remains are collected. Both types of use of crop residues are 

observed in the study area, crop residues are stored on shed in the homestead or on trees directly 

on the field. Use of crop residues as livestock feed is one of the greatest benefits of crop-livestock 

integration in agro-pastoral livestock production systems. 

Herd destocking refers to the willingness of livestock owners, particularly pastoralists, to sell some 

of their animals in order to keep a number of heads that can be well managed. There is a changing 

behavioural pattern in the study area, where we see many pastoralists and agro-pastoralists 

becoming more commercially oriented, although they traditionally have cultural and social 

attachment to their animals. The attractive livestock prices, probably due to proximity to lucrative 

neighbouring markets such as Ghana and the shift to sedentarisation, could explain this change in 

behaviour. Also, in the face of drought, pastoralists prefer to sell part of their livestock instead of 

running the risk to lose their animals. Some farmers report that the income generated from herd 

destocking is reinvested in supplementing the remaining animals with concentrated feed and cotton 

seed cakes during the dry season.  

Herd splitting refers to a strategy of dividing a large livestock herd into two or three separated herds 

and keeping them in different locations in order to mitigate risks in case of climatic or non-climatic 

hazards occurring. This practice has been traditionally practiced but due to increased climate 

variability and forage scarcity, some pastoralists and agro-pastoralists who own large herds of 

livestock nowadays have their animals in northern Ghana, in Cote d’Ivoire and/or Benin. Results 

show that in the study area, this practice, although important, is adopted by a minority of 

respondents (10 - 30%) (figure 3). 

Livestock fattening is an intensive livestock production strategy that relies on industrial livestock 

feed including cotton seed cake, corn chaff, locally called SPAI (sous-produits agro-industriels). This 

strategy is increasingly adopted by settled pastoralists and agro-pastoralists to adjust to the 

reduction in pasture and water availability, especially as it offers an opportunity to feed their 

livestock during dry season. It also helps to prevent farmer-herder conflicts as it reduces the 

necessity for cattle to enter agriculturalists’ farms to feed on crop residues because it represents an 

alternative to on-farm grazing of crop residues. 
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Fodder cropping has become prominent as an adaptation strategy in the study area due to the 

decrease of natural fodder under climate variability and change. This practice is also supported by 

government extension services and NGOs that provide training, production and storage equipment 

and materials to local pastoralists and agro-pastoralists. Fodder cropping includes cultivation of 

double-purpose crop species (fodder and food crops), cultivation of grass species, as well as hay 

production from natural occurring pasture and rangelands for dry season use when pastures and 

rangelands forage are dry and of low nutritive value. 

Transhumance is a seasonal and cyclical migration of herders and their livestock (mainly cattle and 

sheep) over long distances across regions, countries and agro-ecologies to seek better grazing areas 

and water resources. It plays an important role in feeding livestock during the dry season and 

drought periods. While transhumance is a key feature of pastoral production systems in general, 

giving pastoralists access to complementary pastoral resources across the major agro-ecological 

zones in West Africa (from the arid/semi-arid to the sub/humid zones), it also helps pastoralists to 

cope with climate variability and droughts and thus qualifies as a climate change adaptation 

strategy. Despite having been settled in Sondré-Est, pastoralists and agro-pastoralists rely on 

livestock mobility southward of the pastoral zone as one of their main strategies to feed their 

animals and adjust to pasture scarcity during dry seasons and droughts. 

In general, strategies reported in this study aim at providing fodder, feed complements and allow 

opportunistic use of complementary pastoral resources across locations and agro-ecological zones. 

They are adaptation options to address the challenges of water and pasture scarcity and thus secure 

livestock during dry season and drought years. As shown in figure 3, except for the use of crop 

residues and herd destocking, adoption of adaptation practices varies depending on the primary 

livelihood strategy adopted by respondent households. Amongst the six practices analysed fodder 

cropping, livestock fattening and herd splitting remain far less adopted both by pastoralists and 

agro-pastoralists than use of crop residues, herd destocking and transhumance. 
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Figure 3. Actual Adaptation practices in livestock production system 

 

3.3.2.2 Adaptation practices related to the crop production and 

agroforestry systems, and other livelihood strategies 

In the crop production system, the most common adaptation practices are the use of livestock 

manure as organic fertiliser, crop diversification, composting, use of inorganic fertiliser and 

improved crop seed varieties (figure 4). 

Use of livestock manure as fertiliser is commonly adopted in the context of cthe rop production 

system; it is one of the key features of crop and livestock integration (agro-pastoralism). In the study 

area, it is commonly used by both livelihood groups. Cattle, sheep and goat dung is collected and 

spread on the crop fields, usually at the beginning of the rainy season (May or June) depending on 

the availability of labour. Another option of getting the manure in the soil is to direct the herd into 

the crop fields, so that the animals drop the manure directly onto the soil. Since this practice 

requires that the household own a sufficient number of animals, it is commonly practised by 

pastoralist households who, on average, have bigger herds of animals. In relation to this practice, 

there are so-called “manure contracts” that are set up between crop farmers and pastoralists. These 

contracts usually stipulate that the pastoralists’ animals are allowed to graze the crop farmers  
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residues after crops have been harvested for grains, and in return livestock herds stay on the fields 

to fertilize the soil with their droppings, providing important nutrients for the upcoming season. In 

our study, this practice is common for both the settled pastoralists and transhumant pastoralists.  

Composting, in short, describes the efficient production and use of organic manure (annex 2). 

Composting is more widely adopted by crop farmers and agro pastoralist than by pastoralists. 

The use of improved seeds, mainly drought tolerant and high-yielding varieties adapted to each 

agro-ecological zone, contributes to increase crop yields and to reduce crop failure due to droughts 

and dry spells. Improved seed varieties in Burkina Faso are selected by the Institut de 

l’Environnement et de Recherches Agricoles (INERA) crop breeding programs and most of the crops 

concerned are sorghum, millet, cow pea and maize. 

Inorganic fertilizer increases soil fertility by improving the supply of nutrients (NPK, and Urea) to 

soils, which are often deficient in Phosphorus, Nitrogen and organic matter. The expected result is 

an increase in crop yield, food security, and households’ incomes for cash crops. These outcomes 

help households to mitigate the adverse impact of climate risk. Fertiliser application technics such as 

micro-dosing have been tested and promoted for efficient and reduction of losses by INERA through 

Alliance for Green revolution in Africa (AGRA) research programs in Burkina Faso. 

Crop diversification in our study site refers to planting diverse types of crops (food and cash crops) 

in the same or on different crop fields across the landscape, as well as adoption of different cropping 

systems, including vegetable gardens, during the dry season. The diversity of outputs resulting from 

crop diversification is expected to minimize risk of food insecurity due to crop failure and gives 

farmers more alternatives to adapt to rainfall and temperature shocks. Most of these activities aim 

to improve crop yields and secure crop production as climate change and variability might induce 

yield gap and crop failure.  

 

In our study area, the well-known climate adaptation practices such stone bunds, rainwater 

harvesting techniques Zai, as well half-moons technics were not or rarely adopted by the 

respondents (figure 4). There is also a significant difference in terms of proportion of respondents 

adopting each practice with regards to their main livelihood strategy. 
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Figure 4. Adoption of adaptation practices in crop production system in the study area 

 

In the Agroforestry system, several practices were recorded in the study area, including planting of 

trees, Farmer-Managed Natural Regeneration (FMNR) technics, as well use of browse trees species 

as livestock feed especially by pastoralists were recorded in the study area (figure 5). The majority of 

respondents (about 70%) are involved in tree planting, an activity commonly supported by NGOs, 

development projects and government initiatives to engage farmers in combating desertification. 

These activities are also associated with assisted natural regeneration, which consist of keeping 

trees, usually fruit trees, on the field to create agroforestry landscapes. Some of the trees are not 

planted by the respondents but farmers do protect them as they benefit from those trees either for 

their fruits or their wood. FMNR is adopted by about 40% of respondents, while green manure 

practices are less common (about 10%).  

Browse species provide supplement rich protein fodder for livestock during the dry season when 

herbaceous forage are dry and of low nutritive value. At that period of the year, herders cut browse 

trees and leaves and branches of shrubs as forage for their livestock grazing on pasture. Some 

herders also collect those leaves and fruits to feed their animals in their homesteads. This practice is 

not new or innovative as such but can nonetheless be considered as a climate change adaptation 

strategy, as herbaceous forage becomes scarce and rare during dry seasons, and an increasing 
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number of herders  engage in the practice. It is also preferred since it is cheaper than supplementing 

feed with concentrated industrial feed.  

Regarding other household adaptation mechanisms seasonal migration of household members in 

search of small jobs in big cities during the dry season and to a smaller extent off-farm activities are 

also used as adaptation strategies in the study area. These practices however not very common and 

are usually undertaken by women and youth.  

 

 

Figure 5. Actual Adaptation practices in agroforestry system and other livelihood 
strategies in the study area 

 

Most of the adaptation strategies identified in this study are considered by other authors as 

reducing the impact of climate risk on production (Kassie et al. 2008, Deressa et al. 2001). Also, in 

climate change adaptation literature, these options are among the best practices for pastoralists and 

agro-pastoralists in the study zone and were identified as best adaptation options in livestock and 

crop production systems in Burkina Faso altogether (Sawadogo et al., 2011 and CILSS, 2012).  

Overall, besides their roles in climate change adaptation, the adaptation practices reported in the 

context of this study are also strategies to intensify crop and livestock production systems and to 

improve livelihoods of pastoralists and agro-pastoralists in general.  
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3.3.3. Perceived effectiveness of the main adaptation 

strategies in the study area 
To capture how appropriate the adaptation strategies adopted are helping farmers to cope with or 

adapt to the negative impacts of CCV, we asked respondents about the effectiveness of each of the 

main strategies adopted. The main adaptation practices adopted are perceived as highly effective 

(table 11) in improving crop or livestock productivity and to some extent in enhancing households’ 

livelihoods as well as in generating income. They therefore contribute to households efforts towards 

securing their households’ welfare and protect their assets against the negative impacts of CCV. 

Most of the adaptation strategies discussed here are used by the farmers in various combinations to 

overcome the negative impacts of CCV.  
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Table 11. Farmers’ perception of the effectiveness adaptation strategies 

Adaptation options 
Effectiveness 

Not effective Uncertain Effective 
Inorganic fertilizer use 0 10.17 89.83 

Improved seeds use 0 3.94 96.06 

Crop diversification 0 3.78 96.22 

Livestock fattening 0 2.17 97.83 

Transhumance 1.05 6.32 92.63 

Fodder cropping 0 2.59 97.41 

 

3.5. Analyses of factors affecting adoption of 
adaptation options  
In the study area, pastoralists and agro-pastoralists adopt a combination of strategies to reduce the 

negative impact of climate change and variability. In the context of respondents adopting these 

options, it is interesting to analyse which factors influence their decision to choose a particular 

combination of strategies. In this section we identify factors that influence the use of various 

adaptation strategies by applying MVP (table 13). The explanatory variables used in the MVP model 

and reported in table 11 are selected to capture asset access and ownership.  

Results on the correlation matrix indicate that MVP is appropriate to identify the governing factors 

of farmers’ decision to adopt the various adaptation strategies. Five out of six variables are 

correlated indicating the suitability of the model. The results indicate that the choices of individual 

adaptation strategies are affected by different assets (table 13). The overall results, in terms of the 

influence of indicators within the five main asset groups on the selection of different adaptation 

strategy, are listed and discussed hereafter. 

In terms of human capital, age of household head, education level and spouse literacy show 

significant effect on adoption of adaptation strategies. Age of household head and education level 

negatively influence the uptake of livestock fattening and use of inorganic fertilizer respectively as 

adaptive strategies. In addition, household head spouse’s literacy plays a role and has a negative and 

significant effect on transhumance practices. Household size as a proxy for family labour resource is 

found to have positive and significant influence on uptake of crop diversification, livestock fattening 

and use of inorganic fertilizer by sampled pastoralists and agro-pastoralists in the study area. 

The results indicate that adaptation strategies such as inorganic fertiliser and livestock fattening 

require skills, knowledge and labour to be implemented. This explains the significant effect of 
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education and household size on the decision to uptake these latter adaptation strategies. 

Surprisingly, and in contrast with other findings from previous studies, our results show a negative 

effect of education level on the decision to use inorganic fertiliser as adaptation option. 

Table 12. Summary statistics of independent variables used in MVP analysis 

Variables/Assets N* Mean SD Min Max 
Age 502 44.35 13.85 21 110 

Education 502 0.49 1.84 0 15 

Household size 502 9.75 5.35 1 30 

Spouse literacy 499 0.23 0.42 0 1 

Quality land for food 1 479 0.25 0.43 0 1 

Quality land for food 2 479 0.58 0.49 0 1 

Membership of association 502 0.53 0.50 0 1 

Assistance from friends 476 0.74 0.44 0 1 

Assistance from relatives 502 0.80 0.40 0 1 

Assistance from government 502 0.06 0.24 0 1 

Small livestock owned 502 0.60 0.49 0 1 

Med livestock own 502 0.18 0.39 0 1 

Credit access  502 0.42 0.49 0 1 

Household assets index 502 0.00 1.96 -4 8 

In general, the household head’s education level plays a positive role in adoption of technologies 

(Deressa et al. 2008 and Ahmed, 2016) as education provides basic information on the ability of an 

individual to understand information on technologies and thus can facilitate adoption of agricultural 

technologies such as use of inorganic fertilizer or improved crops seeds (Nchemechena et al., 2014, 

Zuluaga et al. 2015, Ahmed, 2016). However, the negative effect of education on use of chemical 

fertiliser might be explained by the fact that agro-pastoralists and settled pastoralists in the study 

area have sufficient and easily available livestock manure at their disposal for their farm fertility 

management and therefore educated households might not see the benefit of buying expensive 

chemical fertilizer. The negative effect of household head spouse’s literacy on transhumance 

practice as adaptation option can be explained by the fact that an educated spouse can play a role in 

making decisions with regard to the appropriateness of some practices in the household. 

Furthermore, formal education is not required for transhumance as it is a traditional and cultural 

practice among pastoralists to address climate risk and pasture resource scarcity especially during 

dry seasons and drought periods in the Sahel. Like the other important features of pastoralism, 

endogenous knowledge and skills for livestock husbandry are transmitted  within families through 

generations and are less affected by formal education. Household size as proxy of labour has a 

positive influence on the likelihood of taking up adaptation technologies such as chemical fertiliser, 
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crop diversification and livestock fattening, in line with previous climate change adaptation studies 

(Zuluaga et al., 2015 and Ahmed, 2016).  

Physical and natural capitals, notably ownership of household physical assets and access to quality 

and healthy productive lands for food crop production, are found to significantly affect the adoption 

of the listed adaptation strategies. Ownership of quality lands for food on the one hand positively 

affects the choice of crop diversification and the use of chemical fertiliser and on the other hand 

negatively affects the adoption of transhumance and improved crop seeds varieties. As expected, 

households owning productive lands can diversify their production and also use yield enhancing 

inputs like chemical fertilizer. Households’ ownership of and access to physical assets, grouped in 

this study as physical assets index, have a significant effect on the adoption of all the selected factors 

in this study. It positively affects the adoption of crop diversification, livestock fattening, use of 

chemical fertiliser and improved crop seed varieties. At the same time, the asset index shows a 

negative effect of physical asset possession on transhumance and fodder cropping, possibly due to 

the fact that well-equipped farmers withdraw more and more from extensive farming systems and 

seem to adopt intensified farming systems. Another plausible explanation, as indicated by 

Nchemechena et al. (2014), could be that households who own a number of physical assets, such as 

farm equipment, good housing conditions and have access to key infrastructures, are likely to be 

wealthy and do have some means to uptake adaptation options such as yield enhancing 

technologies (improved seed and use of chemical fertilizer), crop diversification technologies and 

livestock fattening as those technologies often required investment. Also, access to quality lands can 

lead to a good level of crop production, which subsequently leads to increased household financial 

capacity and income, which can increase the probabilities of adopting improved seeds as farmers 

need money to buy those certified improved seeds from the market. 
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Table 13. Results of multivariate probit analysis of determinants of adaptation strategies 

variables 
Crop diversification Livestock fattening Use of fertilizer Transhumance Fodder cropping Improved seeds 
Coef. SE Coef. SE Coef. SE Coef. SE Coef. SE Coef. SE 

Age -0.003 0.007 -0.012** 0.006 -0.008 0.006 0.001 0.006 0.007 0.006 0.003 0.005 
Education 0.056 0.064 -0.035 0.046 -0.075* 0.045 -0.004 0.043 0.057 0.043 0.043 0.037 
Household size 0.024 0.020 0.029** 0.015 0.023 0.016 0.012 0.015 0.034* 0.018 0.006 0.014 
Spouse literacy -0.135 0.212 0.051 0.172 0.029 0.182 -0.178 0.177 -0.057 0.194 0.160 0.161 
Land quality 1 0.941*** 0.253 -0.401* 0.252 0.226 0.284 -0.377* 0.252 0.353 0.262 -1.296*** 0.240 
Land quality 2 1.489*** 0.232 -0.039 0.211 0.367 0.253 -0.099 0.228 0.388* 0.231 -0.485*** 0.193 
Membership of ass. 0.299* 0.176 0.450*** 0.151 0.260* 0.162 -0.207 0.154 0.283* 0.161 0.041 0.137 
Friend assistance 0.611*** 0.230 0.039 0.193 -0.154* 0.198 0.158 0.197 -0.149 0.209 -0.176 0.173 
Relatives assistance -0.289 0.281 -0.029 0.232 0.005 0.233 0.176 0.228 0.142 0.247 -0.149 0.204 
Gov. assistance -0.364 0.318 0.230 0.291 0.328 0.329 -0.382 0.293 -0.013 0.285 0.567** 0.270 
Small number livestock owned 0.389* 0.217 -0.485*** 0.185 0.712*** 0.195 -0.693*** 0.184 0.082 0.206 -0.036 0.176 
Large number Livestock owned -0.175 0.238 -0.373* 0.220 -0.571** 0.294 0.219 0.251 0.060 0.228 0.333* 0.206 
Access to credit 0.010 0.185 0.196 0.148 -0.119 0.160 0.182 0.154 0.175 0.171 0.237* 0.141 
Household asset index 0.152*** 0.059 0.167*** 0.042 0.172*** 0.046 -0.193*** 0.046 0.047 0.051 0.143*** 0.040 
Info pastures availability -0.039 0.331 0.168 0.289 -0.088 0.311 0.615** 0.289 0.309 0.305 0.085 0.257 
Info water points availability 0.058 0.305 -0.610** 0.247 -0.139 0.262 0.249 0.250 -0.413* 0.272 -0.024 0.227 
Info climate forecast -0.702*** 0.247 0.210 0.199 0.528*** 0.210 -0.026 0.208 0.169 0.237 0.281* 0.185 
Info agricultural practices 0.024 0.246 -0.447** 0.204 -0.236 0.212 -0.157 0.214 0.229 0.241 0.097 0.189 
Location in past zone -0.375* 0.230 -0.562*** 0.189 -0.961*** 0.191 0.600*** 0.183 2.065*** 0.260 -0.044 0.174 
Constant 4.284 339.671 1.125* 0.680 -1.285 0.940 -0.652 0.664 -8.308 194.717 -4.607 184.290 
Likelihood ratio test of  rho21 = rho31 = rho41 = rho51 = rho61 = rho32 = rho42 = rho52 = rho62 = rho43 = rho53 = rho63 = rho54 = rho64 = rho65 = 0:      chi2(15) =  63.3562  

Prob > chi2 = 0.0000; significance levels:  *, **, *** Significance at 10, 5 and 1%, respectively.
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Concerning social capital, factors such as membership in farmer groups or  associations determines 

the adoption of crop diversification, livestock fattening and fodder cropping. Also, access to 

assistance has a positive and significant effect on crop diversification (when it is from friends) and 

negative (when if from government). A possible explanation of the expected results is that 

membership of the head of household in a farmer group increases access to information, training 

and knowledge on new technologies or proven effective agricultural practices and also facilitates 

access to keys inputs such as improved seeds, livestock feed and farm equipment required for the 

implementation of the technologies in question. NGOs and government extension services in the 

area work through farmer groups and this offers opportunities for group members to access 

information and other services. Assistance from government could also lead to access to free 

extension services providing information on weather forecasting and access to new technologies or 

better management practices to help coping with climate change and variability. Overall, most 

external initiatives are implemented through farmer groups in Burkina Faso. The pastoral zone of 

Sondré-Est, in particular, as all other pastoral zones, furthermore is managed and governed by a so-

called “Comité de Gestion de la Zone pastorale” which is the umbrella institution of the zone and all 

interventions have to pass through this local institution. Promotion of fodder cropping in Sondré-Est, 

supported by PASMEP, for instance, is done through farmer groups and members of each group 

have access to inputs such as seeds, equipment and storage infrastructures. Our results are in line 

with findings indicating that household social capital plays an important role in the adoption of 

adaptive strategies in the context of climate change as information exchange and institutional 

support as well assistance from friends, family members and relatives are key among others factors 

to absorb and recover from losses due to climate change damages (Nhemachena et al., 2014; 

Adimassu and Kessler 2016). 

Financial capital, comprised of access to credit institutions and ownership of livestock, is found to be 

decisive for the decision to practice transhumance, livestock fattening, use of improved crop seed 

varieties and chemical fertilizer in this study. As expected, the decision to practice transhumance is 

positively influenced by the ownership of large livestock herds as this practice is common amongst 

pastoralists or agro-pastoralists who own large size of cattle and that traditional practice is more 

likely to be used as opportunistic livestock feeding strategy to cope with seasonality of pastoral 

resources (water and pasture) availability and distribution across climatic zones in West Africa. 

Ownership of small livestock, such as goats and sheep, has a positive effect on crop diversification, 

and use of chemical fertilizer while it negatively affects the adoption of livestock fattening, 

transhumance and fodder cropping as adaptation practices. Small livestock, for pastoralists and 

agro-pastoralists, contribute to providing cash for both household expenditures and expenses 
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related to farm activities. The positive effect of ownership of small ruminants on the use of chemical 

fertilizer is likely due to the fact that it provides cash to purchase of chemical fertilizer, despite the 

fact that these animals produce manure that one might expect to compete with the interest in 

chemical fertilizer. Concerning its negative effect on transhumance, we argue that the reason is 

transhumance is mainly practiced with large livestock and rarely concern small livestock such goats 

and sheep. Fodder cropping, similarly, is usually adopted to store fodder for large livestock for dry 

season uses, while small ruminants have the ability to find their own feed through free grazing 

during the dry season. The negative effects of ownership of small livestock on livestock fattening, as 

well as its positive effect on crop diversification still need to be investigated for better 

understanding. 

Access to credit is identified as a driving factor for the adoption of fodder cropping, use of improved 

crop seed varieties and the practice of transhumance. As shown by numerous studies, financial 

capital plays an important role in the adoption of adaptation strategies because higher income and 

wealth enable households to absorb and recover from losses due to climate changes and hazards 

(Nhemachena and Hassan, 2007; Deressa et al., 2011). 

 

Access to climate information was found to positively and significantly affect the use of inorganic 

fertilizer and improved seed varieties, but to negatively affect crop diversification practices. Climate 

information, in terms of weather forecasts as well other climate related information, is important for 

farmers’ decision-making process to adjust their farming system and activities to respond to the 

possible damage of climatic risks (Ouédraogo et al. 2015). Availability of such information can lead to 

increase uptake or not of some suitable adaptation strategies at farm and household levels as shown 

by the results of the MVP model. 

Being located in the pastoral zone plays a significant role in the choice of adaptive strategies. It 

positively affects the practice of transhumance and fodder cropping while having a negative effect 

on the choice of crop diversification, livestock fattening, and use of chemical fertilizer. These results 

seem to be related to respondents’ primary livelihood strategy as pastoralists (who in majority adopt 

transhumance and fodder cropping), who are more strongly represented in the pastoral zone and, in 

contrast, agro-pastoralists (who are more involved in crop diversification, livestock fattening, and 

use of inorganic fertilizer) dominate the surrounding villages. 

The correlation matrix between the adaptation options selected points towards complementarity 

between some and substitutability between other practices (table 14).  
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The crop and livestock productivity enhancing technologies such as improved seeds, chemical 

fertilizer, fodder cropping and livestock fattening are all complementary as indicated by the positive 

and significant sign of the correlation coefficients. Improved seeds are used with inorganic fertilizer 

in an effort to benefit from their positive interaction and to produce high crop yields. This is why 

producers are often reluctant to adopt improved seeds when they do not have access to inorganic 

fertilizer (Asfaw et al. 2014). All these productivity enhancing technologies pursue the same goal of 

increasing food security and income generation. 

Substitution is observed between crop diversification and transhumance and use of inorganic 

fertilizer and transhumance. Transhumance is a livelihood strategy adopted traditionally to adjust to 

the changing climate patterns. This strategy does not compete with the other productivity enhancing 

and food security strategies and therefore represent a good substitute for these practices. 

Transhumance is often practised by pastoralist households who hold large number of cattle and a 

majority of transhumant pastoralists invest less in cropping activities as pastoralism is their main 

livelihood activity. 

The findings presented can provide interesting insights for policy makers dealing with climate change 

adaptation and resilience initiatives in the Sahel region of West Africa. Previous studies among 

pastoralists and crop farmers in Eastern and southern Africa have found similar results (Gbetibouo 

and Ringler, 2009, Adger et al. 2004, Pramova et al. 2013).  
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Table 14. Correlation matrix of the dependant variables used in the multivariate probit analysis 

 Dependant variables Crop diversification Livestock fattening Fodder cropping Transhumance Chemical fertilizer Improved crop seeds 

Crop diversification 1 
     

Livestock fattening 0.075 1 
    

Fodder cropping -0.055 0.065 1 
   

Transhumance -0.251* -0.102 0.145 1 
  

Chemical fertilizer 0.216* 0.227* 0.145 -0.408* 1 
 

Improved seeds -0.105 0.211* 0.184* -0.018 0.157* 1 

Number of observation    452    

Wald chi2 (138)   623.90    

Log likelihood   -1173.0543                     

Prob > chi2   0.0000    

Significance levels:  *, **, *** Significance at 10, 5 and 1%, respectively 
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4. CONCLUSION AND RECOMMENDATIONS 
This study investigates the relationship between access to and ownership of assets and the ability of 

pastoral and agro-pastoral households to adapt to climate change in the pastoral zone of Sondré-Est 

and neighbouring villages as part of the LGACC project in Burkina Faso. We assess adaptive capacity 

in this study by the propensity to adopt farming or livestock management practices that can be 

qualified as ‘climate-smart’ and/or climate change adaptation practices, alongside other livelihood 

improvement strategies to respond to climate change and variability. 

Based on the SLF, we analyse a number of indicators representative of the five main household 

livelihood capitals in detail that are essential to the livelihoods of the communities surveyed. Results 

show that, overall, livestock ownership as indicator of financial capital, membership in farmers’ 

group and assistance from friends/relatives, both as indicators of social capital, and access to natural 

capital are fairly well represented  among the respondents. 

Further, our results reveal that pastoralists and agro-pastoralists in the study area adapt to climate 

change and variability by adopting a combination of  strategies that enhance household food 

security and livelihoods.  These household adaptation strategies include both traditional practices 

and new and innovative practices. In terms of traditional practices, livestock mobility 

(transhumance) continues to be part and parcel of the livelihood strategy of the communities 

surveyed for instance. Such traditional practices are however combined and adopted alongside more 

‘innovative’ good practices, such as use of crop residues, fodder cropping, livestock fattening and 

composting that contribute to intensify crop and livestock production in the study area. The adopted 

strategies are household-level measures and the combination of specific adaptation strategies 

pursued varies depending on individual households’ primary livelihoods, in occurrence between 

agro-pastoralists and pastoralists.  

The econometric results of the multivariate probit show that a number of assets and institutional 

factors are essential to the ability of pastorals and agro-pastoralists to adapt. We found some 

consistencies between the types of resources households own or have accessed to and the choice of 

adaptation options. Key findings and recommendations can be summarised as follows: 

Human capital in the form of age, education and literacy level do not play a major role, potentially 

because some of adaptation options have traditionally been pursued and these and others do not 

necessarily require a high level of formal education. The policy implication is that new or innovative  

practices introduced should either not be very knowledge-intensive or require a high level of 

technical skills, or, if lots of technical skill is required  that intensive training should be provided to 

ensure that the practice in question is well implemented. Generally, training on agricultural good 
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and innovative practices potentially stimulates adoption of adaptation strategies and thus 

potentially enhance the ability of households to mitigate and cope with climate shocks. 

Access to qualitative and productive lands is important for adoption of strategies such as crop 

diversification due to the fact that land is the basis of crop production both for pastoralists and agro-

pastoralists in the study area. However, with increased frequency of droughts, as perceived by the 

respondents and increased pressure on land due to population growth and subsequent food 

demand, the quality of land is continuously threatened. This is also worsened by the fact that only a 

few of the respondents use water and soil conservation practices. Hence, promotion of low cost and 

sustainable soil fertility management practices including efficient use of crop residues as feed or for 

mulching, composting, reclamation of degraded lands for both crop and livestock production can be 

very useful in strengthening the adaptive capacity of the respondents. Initiatives on safeguarding 

and improving livestock grazing areas’ production and health through the promotion of agreements 

stipulating appropriate grazing strategies, for instance, can be helpful as well, as pasturelands are 

continuously degrading and carrying capacity reduced due to livestock load, overgrazing and 

restricted mobility. 

Physical capital that encompasses access to physical infrastructures, household and farm equipment 

is critical for adaptive capacity as this significantly influences the adoption of most of the strategies 

identified in this study. Some practices such as stone bunds, Zai pits, composting as well as livestock 

fattening and appropriate use of crop residues for livestock feed require a number of physical assets 

which respondents do not always own, hence limiting the adoption of these innovative practices. 

Therefore, initial assessment of key physical assets ownership and access by target households’ is 

essential prior to the implementation of adaptation programs as limited access to those physical 

assets might be a barriers of effective adoption by households.  

Financial capital, especially access to credit, is important, in particular for the practices that require 

cash, including use of improved seeds, use of inorganic fertiliser and livestock fattening. This result 

implies that governments and NGOs interested in promoting such practices should take the 

institutional environment into consideration, particularly the availability and accessibility of credit 

institutions. Also, livestock ownership is a main source of livelihood for the respondents and the 

results reveal that it plays a major role in the adoption of strategies such as use of crop residues, 

livestock fattening and transhumance.  Acknowledging the importance of livestock for the general 

livelihoods of the respondents, as well as for their adaptive capacity, it is important to consider 

factors potentially hindering smooth livestock ownership. In that context, a number of governance 

issues, in form of livestock insecurity, restricted herd mobility and access to grazing area, as well as 

pastoral zone borders issues with neighbouring villages are noted in the area and can thus represent 
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a threat to the  respondents’ livestock production system and their adaptive capacity. Within the 

pastoral zone, there are a number of informal institutional mechanisms such as Koglweogo2 (rural 

community security groups and associations aiming to fight again robbery in rural Burkina Faso)  and 

COGES (Comite de Gestion) to promote livestock security but challenges related to internal 

management issues and lack of collaboration among these entities potentially limit their 

effectiveness. It is therefore important for the government to strengthen the capacity of these 

organizations and to facilitate the establishment of platforms where issues of livestock security, 

governance of key pastoral resources (water points, vaccination parks, grazing areas, mobility routes 

and transhumance corridors across the study area) and other context specific adaptation strategies 

could be discussed and promoted.  

Social capital in the form of membership in association has a consistent positive effect on adaptive 

capacity as it predicts the likelihood of adopting four of the six adaptation options analysed in detail. 

So, policy makers should encourage farmers’ involvement in specific groups and organisations 

because this offers an opportunity to build a social network where information and knowledge 

about agricultural inputs and technologies are shared, and that provide a platform for training and 

extension support.  Furthermore, more efforts should be made to support the creation and 

appropriate structuring of farmer’s organisation, as well as to strengthen existing farmers’ groups’ 

and associations’ governance and functioning to enable them to be an effective channel for the 

promotion of adaptive strategies among pastoralist and agro-pastoralists.  

Finally, beyond assets, other institutional factors, such as access to information on climate and 

pasture availability, are also instrumental to the adaptive capacity of the pastoral and agro-pastoral 

households. Thus, policies and specific interventions that facilitate access to climate information and 

knowledge through mass media, mobile or social networks will likely improve farmers’ awareness of 

climate change and adoption of adaptive strategies. To ensure greater uptake, this information 

should be designed in a way that is tailored to the interests of the pastoralists and agro-pastoralists 

in terms of content, language and format.  
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Annexe 1. Description of selected variables included MVP analyses 

Types of Asset Variables Description 

Human 

hheduc Level of education of household head 
0=None  1=Primary school  2= Secondary school  3=Post-secondary 

hhage Age of the household head 

hhlive Primary livelihood activity of the household head 
1=farmer  2=agro-pastoralist  3=pastoralist  4=trade 

hhtot Total number of people in HH 
hhbel15 many household members are below 15 (from 0 -14) 
hhab64 many household members are above 64 (from 65 to a higher number) 

Natural 
sownland Size of land own by HH (total size in hectare) 
sownfland Size of farm land own by HH (total size in hectare) 
sownfcland Size of fodder crop land own by HH (total size in hectare) 

Financial 
nbownlliv Estimated number of cattle own by HH 

1=< 50 2=between 50 and 100 3=between 100 and 150 4=150-200< 5> 200 

nbownsliv Estimated number of sheep and goats own by HH 
1=< 50 2=between 50 and 100 3=between 100 and 150 4=150-200 5> 200 

Social 

assfriend Household get any money, food or any type of assistance 
from friends (1: yes; 0: no) 

assrelvil Household get any money, food or any type of assistance 
from relatives in the village (1: yes; 0: no) 

assrelovil Household get any money, food or any type of assistance 
from relatives outside the village (1: yes; 0: no) 

assgov Household get any money, food or any type of assistance 
from government (1: yes; 0: no) 

natresgrp HH involved in natural ressources 
groupe management (1: yes; 0: no) 

membass member of an association, cooperative, 
community group in the village (1: yes; 0: no) 

Access to information 
infclimwg Informations on climate (1: yes; 0: no) 
infpast Informations on pasture availalbility (1: yes; 0: no) 
infwatpt Informations on watering points availability (1: yes; 0: no) 
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Annexe 2: List of household physical assets used in the MVP 

List of physical assets Ownership (1=Yes, 0=No) Number 

Domestic 
1 Radio asradio   

  2 Television astv   
  3 Cell phone ascellph   
  4 Bed/Mattress asbed   
  5 Charcoal/woodfuel stove aswoodst   
  6 Improved wood stove asimpst   
 7  Gas stove/Gas cooker asgasst   
 8  Mosquito net asmosnet   
 9  Sofa set assofset   
10  Lantern aslant   
11  Iron (pressing clothes) asiron   
12 Other – locally specific assets (e.g. 
jewellery) 

asothdom   

Farm 
13  Sickles assickle   
14  Hoes ashoe   
15  Spades/shovel asspad   
16  Ox-Ploughs Aasoxplo   
17  Sprayer pump asspray   
18  Water pump-manual aswatpm   

19   Water pump-diesel aswatpd   

20   Machetes asmacht   

21  Granary asgran   

22  Grain Miller asgmill   

Transport 

23  Bicycle asbike   

24  Motorcycle asmbike   

25  Car/Truck ascar   

26  Cart (animal drawn) ascart   
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Annexe 3. Illustrations of some adaptation strategies and key infrastructures of the pastoral zone of 
Sondré-Est 

   

 

Traditional fattening 

 

 

Improved livestock fattening place 

   

 

Crop residue stored for dry season use 

 

 

Cowpea haulms collected 

   

 

Hay stored for dry season use 

 

 

Hay transported 
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Cattle herd in transhumance 

 

 

Composting exercise 

   

 

Double purpose cow pea field 

 

 

Women gardening during dry season 

   
   

 

NPK application (Micro dose  technique) 

 

 

Stones bunds technique 
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Artificial dam located in the pastoral zone 

 

 

Manual water pump 

   

 

Manual water pump + Tank (for water storage) 

 

 

Livestock vaccination park   

   

 

Store room and meeting place 

 

 

Milk processing place in Sondré-Est 
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Annexe 4. List and level of adoption of all adaptation strategies recorded in the study areas 

Adaptation options Pastoralists Agro-pastoralists All households 
Chemical fertilizer 13.97 70.74 35.19 
Composting 5.71 47.34 21.27 
Crop diversification 71.11 92.55 79.13 
Crop residues as livestock feed 98.41 96.28 97.61 
FMNR 46.35 46.28 46.32 
Fodder cropping 33.33 5.85 23.06 
Fodder trees/shrubs 77.46 79.26 78.13 
Green manure 23.49 10.64 18.69 
Half moons 0 0 0.00 
Herd destocking 88.57 74.47 83.30 
Herd splitting 28.89 9.57 21.67 
Household members seasonal migration 20.32 27.13 22.86 
Improved livestock breeds 5.4 2.13 4.17 
Improved crop seeds 36.51 46.81 40.36 
Irrigation 0.95 1.06 0.99 
Livestock manure 97.78 90.96 95.23 
Changes livestock species from cattle to goats 0.63 1.6 0.99 
Off farm activities 11.75 23.94 16.30 
Planned grazing 18.41 2.66 12.52 
Rain water harvesting 1.27 0.53 0.99 
Shifted from livestock husbandry to cropping 0 18.09 6.76 

Stone bunds 8.89 47.34 23.26 
Transhumance 77.46 22.34 56.86 
Trees (timber fruit or fertilizer) 79.37 91.49 83.90 
Zai pits  0.32 0.53 0.40 
Zero-grazing system /livestock fattening 20.95 38.3 27.44 
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Annexe 5. Respondent household main characteristics 

Variables Frequency Percentage 
Head of household Education Level   
No formal education 457 90.85 
Primary school 37 7.36 
Secondary 9 1.8 
Head of household Gender   
Female 4 0.8 
Male 499 99.2 
Head of household Ethnicity   
Mossi 165 32.8 
Fulani 327 65.01 
Bissa 11 2.19 
Head of household religion   
Christianity 65 12.92 
Islam 437 86.88 
Other religion 1 0.2 
Head of household  primary livelihood   
Agro-pastoralism 188 37.38 
Pastoralism 315 62.62 
Head of household residence status   
Native 56 11.13 
Migrant 447 88.87 
Household  cattle herd size   
Less than 50 364 72.37 
Between 50 and 100 103 20.48 
Between 100 and 150 23 4.57 
Between 150 and 200 6 1.19 
More than 200 7 1.39 
Small ruminants herd size   
Less than 50 337 67 
Between 50 and 100 129 25.65 
Between 100 and 150 27 5.37 
Between 150 and 200 5 0.99 
More than 200 5 0.99 
Other variables Mean (S D) 
Head of household age (in years) 44.35 ±13.85 
Household size (in heads) 9.75 ±5.35 
Household farm size (in ha) 2.28 ±1.49 
Number of observations N= 502 
 


