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Abstract 28 

The paper investigates the impact of climate change adaptation on food security in the Semi-29 

Arid parts of Kenya. Our research used a sample of 440 households, and an endogenous 30 

Switching regression is estimated to account for the heterogeneity in the decision to adapt or 31 

not, and for unobservable characteristics of pastoralists. We examined how pastoralists’ 32 

decision to adapt, that is to implement a set of strategies; storage/purchase of fodder, change in 33 

water management, partial shift to other livelihoods, banking livestock assets and herd 34 

management. The results demonstrate that climate change adaptation increases food security 35 

among pastoralists significantly. Pastoralists who have not adapted are seven percentage points 36 

more likely to be food secure if they had adapted to climate change while adopters are 27 37 

percentage points likely to be food insecure if they had not adapted. The paper recommends 38 

the strengthening of policies on adaptation to climate change in the Semi-Arid lands where 39 

pastoralism is the primary means of livelihood. Although pastoralists have information on the 40 

effect of climate change on their livestock, incomplete information on the mechanism of 41 

adaptation remains a hurdle. Consistent climate change monitoring, timely warning systems 42 

and communication of pertinent information to pastoralists is fundamental.  43 

Key Words: Climate change adaptation; endogenous switching regression; food security; 44 

Semi-Arid Lands; Kenya  45 

JEL Classification: Q18, Q54 46 

1. Introduction 47 

Climate change is profoundly affecting pastoralist activities which are conducted in extremely 48 

challenging conditions of the Semi-Arid economies. Some of the critical features of semi-Arid 49 

lands are climate variability and extremes, which are likely to increase in the coming decades 50 

(IPCC, 2014). Climate risk such as drought lead to higher livestock death in a pastoral system, 51 

while the surviving livestocks are weak due to poor growth and live weight losses (emaciated 52 

livestock) leading to declining in milk yield and meat production, hence food insecurity in the 53 

Semi-Arid economies.  The intergovernmental panel of climate change, in its fourth 54 

assessment, notes that climate change and variability poses critical food security risk to the 55 

African continent (IPCC, 2007). It is expected that the increase in the frequency of climate 56 

fluctuations and increase in temperatures by the year 2030 will result in more food insecurity 57 
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in Kenya. Changes in weather patterns have adverse effects on many sectors including food 58 

security and pasture, as well as adverse effects on those aspects which are dependent on rainfall 59 

(Kabubo-Mariara and Kabara 2015; GoK 2018). In this light, it is vital to adapt effective 60 

strategies to address climate change if food security was to be attained in Sub-Saharan Africa 61 

(Lobell et al., 2011). 62 

It has been established that pastoral communities utilise the natural resources in arid areas 63 

where other land use systems cannot be sustained.  In this light, water and pasture are 64 

commonly used by these communities and whose availability is dependent on time and space. 65 

To withstand and cope with adverse climate conditions that characterise arid and semi arid 66 

areas,  the Kenyan pastoralists have used several approaches such as water and pasture 67 

management, reduced size of the herd, use of areas which are not prone to diseases, along with 68 

a precise selection of the settlement area. It is argued by Martin et al., (2014) that pastoralism 69 

economics put a context of proper risk management and addition of financial assets to address 70 

changes in climatic conditions, such as decreased amounts of rainfall. In the same respect, the 71 

main challenge in this dimension has been how to plan for herd size, fodder and water 72 

management, and support of the traditional family institutions characteristic among pastoral 73 

communities which have been sedentary and and that tendency of growing into a more 74 

subsistence form of organization and production (Catley et al., 2016). 75 

The effects of climate change are worsened by overstocking of group ranches due to high 76 

population resulting in soil deterioration and environmental degradation. This makes the range 77 

lands vulnerable to even a normal dry spell which is characteristic of dry lands. Low quality 78 

and availability of pasture have acutely affected the pastoral communties in Kenya. Besides, 79 

recent IPCC special report on 1.5 degrees, which imply that the current efforts are not 80 

sufficiently enough to address and adapt to climate change associated with 1.5 degrees, despite 81 

that its contribution to reducing the adverse effects of climate change is significant (IPCC, 82 

2018). 83 

The government of Kenya responded to climate risks by developing the National Adaptation 84 

Plan (NAP) 2015-2030 that aims “to consolidate the country’s vision on adaptation supported 85 

by macro-level adaptation actions that relate with the economic sectors and county level 86 

vulnerabilities in order to enhance long term resilience and adaptive capacity.” The NAP is the 87 

principal guiding planning document for adaptation actions that mainstream climate change 88 
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adaptation in Vision 2030. From the thematic perspective, Kenya’s National Climate Change 89 

Action Plan (NCCAP 2018-2022) has prioritised in sustainability by offering measures and 90 

approaches aimed at achieving a low carbon, and climatic change resilience which solely 91 

focuses on adaptation and food security, and the fact that it aligns with the governmental big 92 

four agenda and Sustainable development goals. These initiatives have potential to increase 93 

food security in the harsh environment of the Semi-Arid economies. Although many efforts 94 

have been carried out, the process of adaptation practices to climatic change remains low and 95 

uneven in the dry area of the country, and their achievements in terms of food security in Kenya 96 

are mostly unknown. 97 

Although there is considerable literature on the impact of climate change adaptation on 98 

agricultural production (increased productivity implies food security) in SSA, gaps in the 99 

impact of climate change adaptation on specific food security have not been widely discussed. 100 

In such a light, this paper adds to the existing academic literature in several perspectives. To 101 

begin with, the paper takes into an account how household perceives food security, thereby 102 

giving an overview of the overall state of food security in Kenya, unlike previous studies which 103 

focused on crop productivity as a measure of food security. Second, Unlike earlier researches 104 

whose studies focus on the impact of climate change adaptation on agricultural productivity 105 

(Di Falco et al., 2011; Kabubo-Mariara  and Mulwa 2019) or farm net revenues (Di Falco & 106 

Veronesi 2013; Teklewold et al., 2017), this study is on pastoralism in the semi-Arid areas in 107 

Kenya, which allows us to examine the impact of climate change adaptation on food security 108 

of the less privileged in Kenya given the marginalization of Semi- Arid economies.  As Di 109 

Falco et al., (2011) pointed out; it appears that adaptation is significant by the virtue that the 110 

current debacle on climate change in agriculture has focused on the effects rather than 111 

adaptation strategies towards food security. We, therefore, contribute to the literature by 112 

focusing on the neglected livestock sector by examining the impact of climate change 113 

adaptation by pastoralists to full assessment measure of food security. Lastly, the study aims at 114 

identifying the mechanisms which can be put in place to encourage pastoralists adopt 115 

sustainable climate change adaptation strategies. 116 

In this paper, therefore, we explore the impact of climate change adaptation on food security 117 

using extensive household data collected in the Semi-Arid parts of Laikipia County, Kenya. 118 

Precisely, we seek to respond to the questions: Are climate change adapters more likely than 119 

non-adapters to be food-secure? If so, by how much are non-adapters going to be food secure 120 
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if they had adapted? What are the mechanisms that could encourage pastoralists to accept and 121 

implement successful and sustainable adaptation strategies? Using a subjective food security 122 

measures and switching regression technique than previously applied to the pastoralist, we 123 

examine how pastoralists’ decision to adapt, that is to implement a set of strategies 124 

(storage/purchase of fodder, change in water management, partial shift to other livelihoods, 125 

banking livestock assets and herd management) in response to long run changes in critical 126 

climatic variables like temperature and rainfall, affects the full assessment of their household’s 127 

food security in the Semi-Arid Kenya. 128 

Iram and Butt (2004) describe food security as a comprehensive construct including concepts 129 

related to ecosystem, on food accessibility, food safety, and food supply. The 1996 World Food 130 

Summit in Rome stated that “food security exists when all people, at all times, have physical 131 

and economic access to sufficient, safe and nutritious food to meet their dietary needs and food 132 

preferences for an active and healthy life” (FAO 1996). Hence, there exists no single proxy for 133 

food security. FAO (2008) and Schmidhuber and Tubiello (2007) identify four indicators of 134 

food security which include; food availability, food accessibility, food utilisation and food 135 

system stability which are affected by climate change either directly or indirectly.  136 

The literature on food security in developing countries is attracting increasing research interest. 137 

One strand of literature probe the determinants of food security, for instance, Feleke et al. 138 

(2005) and Kidane et al., (2005) explored the household food security in rural Ethiopia. On the 139 

other hand, there is a rich literature on the impact /effect of climate change on agriculture 140 

production (proxy for food security) (McCarthy et al. 2001; Kurukulasuriya & Rosenthal 2003; 141 

Parry et al., 2004; Seo & Mendelsohn 2008; Deressa & Hassan 2010; Di Falco et al., 2012; 142 

Kabubo-Mariara & Kabara 2015). These agronomic models attempt to estimate directly, 143 

through crop models, the impacts of climate change on crop yields. More recently, limited 144 

literature has started to study impact of climate change adaptation strategies on food 145 

productivity such as Di Falco et al., (2011).  Dry land interventions such as the Makueni 146 

District Agricultural Project, Kenya demonstrates that irrigated agriculture improves household 147 

food security (Lemba, 2009).  148 

The existent empirical studies use objective food security measures at household levels. Such 149 

proxies include food output by farmers, food expenditure data and caloric consumption.  150 

Pinstrup-Andersen (2009) postulates that several conditional assumptions of households and 151 
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consumer behavior, the total income of the household, as well as the prices of food are the key 152 

determinants of household food security. Pinstrup-Andersen (2009) further critique is on 153 

consumption-based estimates as insufficient in assessing the measure of food security since 154 

such a measure does not account for food security vulnerability and sustainability. 155 

Subjective food security measures have been identified to address the shortcomings of the 156 

consumption-based estimates (Mallick & Rafi; 2010; Kassie et al., 2014).  Adapting the 157 

subjective food security measures by Mallick and Rafi (2010) and Kassie et al., (2014), the 158 

research participants were interrogated on assessment of status of food security in their 159 

households  in the preceding year along with categorizing it into these categories: food shortage 160 

all through the year ( chronic), occasional food insecurity,  beak-even ( food shortage non-161 

existent but there is no surplus), or food surplus( implying food security). In such a perspective, 162 

the current study follows the very approach.  163 

The next section discusses Pastoralists’ Livelihoods, food security and their climate change 164 

adaptation strategies. Section 3 describes an exogenous switching regression (ESR) treatment 165 

effects approach to evaluate the impact of climate change on food security. Section 4 covers 166 

the data, the variables, and descriptive statistics. Section 5 entails results and discussion 167 

components of the study. Section 6 concludes the study and proposes several policy 168 

implications. 169 

2. Pastoralists’ Livelihoods, their climate change adaptation strategies and food security 170 

Pastoralists rely on livestock directly for their survival and income generation (Jenet 171 

et al. 2016). Nevertheless, the sustainability of their livelihoods is endangered by climate 172 

change, especially droughts. Droughts have both short and long-term impacts on the 173 

pastoralist’s livelihoods. In the short run, droughts cause the unprecedented decline of 174 

resources for grazing and consequent substantial losses of animals and expose pastoralists to 175 

severe food insecurity (Cossins & Upton 1988). In response to droughts, mobility typifies 176 

arid zone pastoralism being the hub of open transhumance routes and drought retreats that 177 

allow access to pasture in different areas depending on their climatic conditions (African 178 

Union 2010, IUCN 2010, Martin et al. 2014).  179 

Most pastoralist systems have a tradition of communal pasture set aside as a drought 180 

reserve and also crucial for pasture rehabilitation objectives. Some also provide for household 181 

pasture reserves for feeding lactating and immature stock. While the household reserve 182 
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system is expanding in some pastoral areas (Coppock 1994), population pressure and the 183 

weakening of tribal reciprocity agreements and traditional law in many pastoral communities 184 

has eliminated pasture set aside practices. However, fodder conservation does not often 185 

extend beyond family initiatives and is unlikely to return to pastoralist's communal resource 186 

management systems until governments improve pastoralist's land rights and strengthen 187 

capacity for participatory natural resource management in pastoral areas. 188 

Supplementary feeding had no place in traditional pastoralism. However, the 189 

availability of industrial by-products such as oil-seed cakes and molasses has begun to 190 

change this situation, and wealthier owners of more massive herds are gradually taking 191 

advantage of the flexibility they offer (Blench & Marriage 1998). Activities include 192 

supplements, provision of hay, and some pasture related interventions. With reduced 193 

livestock mobility and higher population in ASALs, likely, hay made from selected quality 194 

grasses, supplemented by protein rich acacia products and combined with better water supply 195 

will be increasingly adopted as an adaptation to climate change amongst pastoralists (IIRR 196 

2002). However, fewer pastoralists grow fodder plants for animal feed or drought proofing, 197 

and there is little positive evidence to date in Africa to support such action, with low 198 

incentives for commonly owned rangeland, inferior grass species, and general rangeland 199 

management constraints contributing to food insecurity. 200 

For the pastoralists, to survive the harsh drylands when the grazing land is commonly 201 

owned, their livelihood strategy includes keeping a mixture of species and various traditional 202 

breeds, and the accumulation of animals as a significant store of wealth (Coppock 1994, Jenet 203 

et al. 2016). Pastoralist communities in Africa earn their income from livestock products such 204 

as milk rather than in cash from the selling livestock (Bailey et al., 1999). As such, these 205 

folks will hold onto their livestock until their salvage value is higher than their income 206 

generating value, which is usually well past the market prime of the livestock (Bailey et al., 207 

1999). Pastoralist, nonetheless, regularly trade livestock and livestock product. Given the 208 

diversity of pastoral systems, it is challenging to characterise pastoralist livestock marketing 209 

strategies; however, it is a relative truism that in normal years, marketed livestock are 210 

overwhelmingly very old male animals. Pastoralist sales also typically show high seasonal 211 

and annual fluctuations and are often made to address specific cash requirements. During 212 

drought spells, market terms of trade for pastoralists can suddenly deteriorate, especially in 213 

situations where drought coping strategies are limited and infrastructure for the supply of 214 

grain and off-taking of livestock is weak. However, this is not a universal response. 215 
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The most critical longer term adaptation strategy is herd management through mainly 216 

commercial de-stocking which builds on existing marketing structures and improves access 217 

to markets (McDougald et al. 2001, Aklilu &Wekesa 2002, Silvestri et al. 2012). The aims of 218 

destocking include allowing pastoral households to sell some of their livestock before losing 219 

them thus building their purchasing power of or saving the money for buying food. 220 

Destocking or herd size reduction also serves to shed off weaker animals from the herd 221 

resulting in keeping stronger animals to preserve capital assets to suit the household and 222 

enable recovery after drought and continue with production of milk (major source of food 223 

security in pastoral areas).  224 

Access to water is critical for efficient tracking of feed resources. In areas with 225 

permanent water supply, over-utilization and environmental damage are likely to take place. 226 

Coppock (1994) argues that water management is essential as a determinant of social 227 

relations. The study cites examples where improved access to water favored wealthy 228 

pastoralists and not weaker community members who provided the labour for lifting the 229 

water. Aklilu and Wekesa (2002) argue that strengthening community-based management of 230 

water supply system, especially the rehabilitation of water resources, is essential than 231 

carrying out new water developments. Providing water for livestock includes drilling and 232 

maintaining emergency and contingency boreholes. Within areas where the provision of 233 

water facilitated drought-time grazing, the boreholes should be closed during periods of 234 

average rainfall to discourage environmental degradation (Mati et al. 2005).  235 

 236 

3 Conceptual Framework and Econometric Specification 237 

Food security of the pastoralists depends on the sustenance of their herd which is driven by 238 

inputs improvement that leads to better herds. Key inputs in livestock productions system are 239 

pasture and water, which are at the threat of climate change and increased droughts. Therefore, 240 

with proper climate change adaptation, good markets and better herds, pastoralist can earn 241 

higher income to buy food. In addition, with healthy herds, the pastoralist have a consistent 242 

supply of milk which improve their nutritional security. High income leads to access to food 243 

and hence food security. 244 

Impact assessment using non-experimental data is very challenging due to the problem of self-245 

selection and lack of counterfactual against which impact can be evaluated. In experimental 246 

studies, these problems are ably addressed by assigning the treatment randomly to the target 247 
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study population. However, in this current study, adaptation to climate change among the 248 

studied population of pastoralists is not randomly assigned, but instead, households self-select 249 

themselves into adaptation (treated) and non-adaptation (untreated) regimes. This self-selection 250 

into the two treatment groups means that there could be systematic differences between the 251 

treated and the untreated groups. Therefore, evaluating the impact of the treatment on food 252 

security of the sample by estimating a single outcome equation with a dummy adaptation 253 

variable as one of the explanatory variables will yield biased estimates. 254 

Various econometric approaches have been developed to handle these problems 255 

of self-selection and lack of proper counterfactual to evaluate impact (De Janvry et al., 2011). 256 

These methods include propensity score matching methods (PSM) in a binary treatment 257 

framework, generalised propensity score matching methods (GPS) in a continuous treatment 258 

framework, the instrumental variable (IV) approach and the switching regression framework. 259 

One of the outstanding shortcomings of PSM and GPS methods is that they only control for 260 

observable/measured differences/heterogeneity in the treated and untreated groups. On the 261 

other hand, though IV approach controls for both observable and unobservable differences, its 262 

estimation of one outcome variable with the binary treatment being included as one of the 263 

explanatory variables assumes that the treatment has only an intercept shift effect. This 264 

assumption might not hold in most cases when the treatment variable is also correlated with 265 

other explanatory variables in the model. However, switching regression models relaxes this 266 

stringent IV assumption by estimating two outcome equations (one for each treatment regime) 267 

alongside the selection model. This latter approach significantly reduces the selection bias by 268 

controlling for both observed and unobserved differences among the treatment groups despite 269 

its distributional (tri-variate normal distribution) and exclusion restrictions (Kassie et al., 270 

2014). We adopt this latter method (switching regression) to estimate the impact of climate 271 

change adaptation on food security among the sampled pastoralist households. 272 

Since climate change adaptation is also potentially endogenous, we adopt 273 

endogenous switching regression (ESR) following Di-Falco et al., (2011), Asfaw et al., (2012), 274 

and Khonje et al., (2015). ESR is a two-step procedure that involves first modelling the 275 

household decision to adapt to climate change following the random utility formulation of the 276 

non-separable household model approach. In this first step, a household is assumed to adapt to 277 

climate change if its utility from adaptation (Ui1) is higher than the utility from non-adaptation 278 

(Ui0), i.e. the utility derived from adoption (U*) is greater than zero: - 279 

𝑈∗ = 𝑈𝑖1 − 𝑈𝑖0 > 0                                                                            Eqn. (1) 280 
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Since this utility is unobservable, then the adoption decision can be represented as a function 281 

of observable characteristics (𝑋𝑖) and the error term (𝜖𝑖) in the following latent variable model:- 282 

𝑇𝑖
∗ = 𝜑𝑖𝑋𝑖 + 𝜖𝑖; 𝑤𝑖𝑡ℎ 𝑇𝑖 = {

1 𝑖𝑓 𝑇𝑖
∗ > 0

0 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                                                Eqn. (2) 283 

Where 𝑇𝑖
∗ is the unobserved binary variable indicator of climate change adaptation; 𝑇𝑖 is the 284 

observed binary indicator variable of climate change adaptation and it is equal to 1 if the 285 

household adapted to climate and 0 if it does not adapt; 𝜑𝑖 is a vector of parameters to be 286 

estimated; 𝑋𝑖 is a vector of variables that determines climate change adaptation and 𝜖𝑖 is the 287 

error term normally distributed with zero mean and constant standard variance. 288 

Based on the past empirical studies, we hypothesise that adaptation to climate 289 

change has a positive and significant impact on the food security of the sampled households. 290 

In this study, we adopt the qualitative self-assessment of food security in the last 12 months (1 291 

year) at the time of the interview. Respondents in the survey were asked to make self-292 

assessment of household food security in the last 12 months preceding the survey considering 293 

all sources of foods. They were given four mutually exclusive options including food shortage 294 

all through the year (acute food insecurity), food shortage occasionally in the year (transitory 295 

food insecurity), no food shortage and no food surplus (breakeven), and food surplus 296 

throughout the year (food secure). Due to relatively small observations in some categories like 297 

acute food insecurity, we merged acute food insecurity and transitory food insecurity into one 298 

group called food insecure while breakeven and food secure categories were put together to 299 

form food secure group. Therefore, the dependent (outcome variable) was binary defined as 300 

one if a household was food secure and 0 if it was food insecure. 301 

 302 

We, therefore, applied the two-stage endogenous switching regression by 303 

estimating equation (2) as the selection model, generated the inverse mills ratio (IMR) from 304 

this equation. The IMR was used as an additional explanatory variable in the two outcome 305 

models to correct for the selection bias following Heckman (1979). These two outcome 306 

functions were as follows: - 307 

Regime 1: Yi1 = β1Xi1 + αIMRi + ωi1     (if T=1)                                 Eqn. (3) 308 

Regime 2: Yi0 = β0Xi0 + αIMRi + ωi0     (if T=0)                                 Eqn. (4) 309 

Where Yi1 is the food security probability of households that have adapted to climate change 310 

while Yi0 is the food security probability of households that have not adapted to climate change. 311 

In this ESR model, the error terms in Eqn. (2), Eqn. (3) and Eqn. (4) are assumed to have a 312 
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trivariate normal distribution, with Zero mean and non-singular covariance matrix expressed 313 

as: - 314 

Cov(ωi1, ωi0, φ𝑖) = [

δωi0

2 . δω0φi

. δωi1

2 δω1φi

. . δφi
2

] − − − − − − − − − − − −Eqn. (5) 315 

Where: 316 

    𝛿𝜑𝑖
2

 = Variance of the error term in the selection Eqn. 2, (which can be 317 

                      assumed to be equal to 1 since the coefficients are estimable only up to a scale 318 

                      factor) 319 

𝛿𝜑1𝑖

2  and 𝛿𝜔0𝑖

2  = Variances of the error terms in the welfare outcome functions, 320 

i.e. Eqn. (3) and Eqn. (4) 321 

𝛿𝜔1𝜑𝑖
 and 𝛿𝜔0𝜑𝑖

= Covariance of 𝜑𝑖 , 𝜔1𝑖 and  𝜔0𝑖 322 

Since Yi1 and Yi0 cannot be observed simultaneously, the covariance between ωi1 and 323 

ωi0 is not defined (Madala 1983; Lokshin & Sajaia 2014). The implication for this type of error 324 

structure is that because the error term of the selection model (Eqn. 2) is correlated with the 325 

error terms of the outcome models (Eqn. 3 and Eqn. 4), the expected values of ωi1 and ωi0 326 

conditional on sample selection are non-zero, i.e.: - 327 

𝐸[𝜔𝑖1\𝑇𝑖 = 1] = 𝛿𝜔1𝜀𝑖

𝜙(𝛽𝑋𝑖)

Φ(𝛽𝑋𝑖)
= 𝛿𝜔1𝜀𝑖

𝜆𝑖1 − − − − − − − −𝐸𝑞𝑛. (6) 328 

and:- 329 

𝐸[𝜔𝑖0\𝑇𝑖 = 0] = −𝛿𝜔1𝜀𝑖

𝜙(𝛽𝑋𝑖)

1 − Φ(𝛽𝑋𝑖)
= 𝛿𝜔0𝜀𝑖

𝜆𝑖0 − − − − − − − −𝐸𝑞𝑛. (7)  330 

Where: 331 

 𝜙 (. ) = Standard normal probability density function 332 

 Φ (. ) = Standard cumulative density function 333 

  𝜆𝑖1 =
𝜙(𝛽𝑋𝑖)

Φ(𝛽𝑋𝑖)
                334 

  𝜆𝑖0 = −
𝜙(𝛽𝑋𝑖)

1−Φ(𝛽𝑋𝑖)
     335 

𝜆𝑖1 and 𝜆𝑖0 are the IMR computed from the selection equation 336 

Therefore, we use Eqn. (3) to estimate the actual food security probability among climate 337 

change adapters and we use the coefficients from this equation to compute the average 338 

counterfactual food security probability of non-adapters to climate change households. 339 

Similarly, we use Eqn. (4) to estimate the actual food security probability of non-adapters to 340 
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climate change and coefficients derived therein are used to compute the counterfactual food 341 

security probability of the adapters. The actual and counterfactual food security probabilities 342 

among adapting and non-adapting households are computed as follows in an endogenous 343 

switching regression framework: - 344 

 345 

Actual scenarios: - 346 

Adapting households: E (Yi1\T=1; X) = β1Xi1 + αIMRi + φi1                 Eqn. (8) 347 

Non-adapting households: E (Yi0\T=0; X) = β0Xi0 + αIMR0 + φi0                 Eqn. (9) 348 

 349 

Counterfactual scenarios: - 350 

Adapting households had they not adapted: E(Yi0\T=1; X) = β0Xi1 + αIMRi + φi0   Eqn. (10) 351 

Non-adapting households had they adapted: E(Yi1\T=0; X) = β1Xi0 + αIMRi + φi1   Eqn. (11) 352 

 353 

We apply these conditional expectations and use climate change adaptation as a 354 

treatment (T) to compute the treatment effects among the sampled households as shown in 355 

Table 1 below 356 

Table 1: Treatment effects 357 

 Adaptation regime 
Adapters 

characteristics 

Non-adapters 

characteristics 
Treatment effects 

Adapters 
Eqn. (8): 𝐸(𝑌1𝑖\𝑇 =

1; 𝑋) 

Eqn. (10): 𝐸(𝑌0𝑖\
𝑇 = 1; 𝑋) 

Eqn. (8) – Eqn. (10) 

Non-adapters 
Eqn. (11): 𝐸(𝑌1𝑖\

𝑇 = 0; 𝑋) 

Eqn. (9): 𝐸(𝑌0𝑖\𝑇 =
0; 𝑋) 

Eqn. (11) – Eqn. (9) 

Heterogeneity 

effects 
Eqn. (8) – Eqn. (11) Eqn. (10) – Eqn. (9) - 

 358 

Following Kassie et al., (2014) and Di Falco et al., (2011), for the ESR model to be identified, 359 

then the Xi variables in Eqn. (2) should contain at least a selection instrument, that is, 360 

variable(s) that significantly affect the selection model (adaptation to climate change) but not 361 

the outcome variable (food security). In this study, we follow past empirical studies (Di Falco 362 

et al., 2011; Di Falco & Veronesi 2013) and hypothesise that average rainfall, average 363 

temperature and early warning systems are the variables that affect climate change adaptation 364 

decisions directly but not household food security. We therefore use these three variables as 365 

part of the explanatory variables in the selection model (Eqn. 2) but exclude them in the 366 

subsequent outcome models (Eqn. 8 – Eqn. 11). Average rainfall and temperature drives 367 
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households to adopt to climate change and this has a indirect effect on meat and milk 368 

production. Households who have better herds due to adaptation are likely to report that they 369 

are food secure. The idea is that rainfall affects directly the inputs for livestock production 370 

which can be reduced by approprite adaptation startegies. Access to information (early warning 371 

systems), directly affects the decision to adopt to climate change and the resultant outcome will 372 

affect the household food security outcome (i.e., the mere access to weather information 373 

without adaptation to climate change does not affect the food security of the pastoralist). We 374 

establish the admissibility of these instruments by performing a simple falsification test: if a 375 

variable is a valid selection instrument, it will affect the adaptation decision, but it will not 376 

affect the food security status (Di Falco et al., 2011). Table 5 shows that the average rainfall, 377 

average temperature and early warning systems can be considered as valid selection 378 

instruments: they are all statistically significant drivers of the decision to adapt or not to climate 379 

change but not of the food security status. 380 

4 Data and description of variables 381 

The data used in this study is part of the Pathways to resilience in semi-Arid Economies 382 

(PRISE) project. The project targets residents in the Semi-Arid parts of Laikipia (North). The 383 

target sites are taken to posses a prospective for animal keeping activities and livestock 384 

production. The climate in this area is mainly semi-arid with an average range of 400mm and 385 

750mm rainfall annually. Further, the region has been experiencing cycles of dry spells with 386 

most recent ones recorded in 2000, 2009, 2011, 2014 and 2017. Laikipia County is one of the 387 

food deficient and food insecure Counties in Kenya during dry spells or droughts. The 388 

increasingly arid conditions in the county are generally viewed as impact of climate variability. 389 

The location of this county is such that it experiences variations in weather conditions such as 390 

dry spells and very little rainfall along with famine.  391 

The researchers first conducted a previsit to the study areas before the actual survey, where 392 

secondary data was collected. The county government employees in the country department 393 

of livestock and fisheries were the critical research participants from whom data was 394 

collected from, where data on comprehensive livestock production, the basic socio-economic 395 

profiles of the hiuseholds, as well as the marketing information was then used to develop the 396 

research sample stategy.  397 
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To ensure a suffiecient understanding of adaptations to climate change and their 398 

food security status, households’ interview was conducted using a pretested structured 399 

questionnaire with 440 respondents from 8 group ranches in July 2016. Equal sample sizes of 400 

55 herders from 8 group ranches (Il’Ngwesi, Ilpolei, Koija, Kuri Kuri, Makurian, Murupusi, 401 

Munichoi, and Tiamamut ranch) were sampled giving a total of 440 herders. The distribution 402 

of population within the group ranch was considered in order to stratify the group ranch and 403 

have a distribution of the sample. Three insecure ranches were excluded due to difficulties of 404 

access. Ranches without adequate security and the ranch used for pre-testing the questionnaire 405 

were excluded. Enumerators who had good knowledge of their respective sampling areas were 406 

selected from their own group ranches. The sampling strategy accounted for the vast 407 

distribution of settlements and terrain in the group ranches.. 408 

Long term mean rainfall and temperature from 1950-2014 are obtained from the 409 

Kenya Meteorological Department. Using GeoCLIM, we can derive the household specific 410 

temperature and rainfall values using the GPS longitude and latitude of each household. The 411 

GeoCLIM is designed for climatological analysis of historical rainfall and temperature data. It 412 

was developed by Tamuka Magadzire of USGS fews net in support of the USAID prepared 413 

and Global Climate Change activities. 414 

 415 

Descriptive statistics 416 

In this study, the following climate change adaptation strategies are applied by pastoralists: 417 

Purchase of fodder (Usually hay), water management, herd management and shift to other 418 

livelihoods (Table 2). About 19% of our survey respondents reportedly store and purchases 419 

fodder as their adaptation strategy to climate change. Some of the ranches (e.g. Il’Ngwesi 420 

Ranch) grow hay and sell to their members at a low, usually at discounted market rates. Water 421 

management involves maintaining existing boreholes, drilling of new boreholes, construction 422 

of water pans and dams. About 29% of the households reported a change in water management 423 

as a strategy adopted by their group ranch to manage climate risk. This low response was 424 

contributed by households who felt that the available boreholes and water pans were very far 425 

away from their residence. The study uncovers that 74% of households have changed their herd 426 

management including reducing herd size, selling and banking cash from livestock assets in 427 

response to dry spell and droughts.  Changing from pastoralism is usually partially practiced 428 
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since about 37% of the households reported to have partially shifted to other livelihoods such 429 

as crop cultivation, small businesses and seeking employment usually in the group ranch 430 

tourism activities. 431 

Table 2 Climate change adaptation strategies (N=440) 432 

Variable name Variable definition % response 

Purchase fodder Purchase and storage of fodder  19.3 

Water management Change in water management 28.9 

Shift livelihoods The partial shift to other livelihoods 36.6 

Herd management Overall herd management (reducing herd size, 

selling and banking livestock assets). 

74.3 

Source: Study data 433 

 434 

To examine the contribution of climate change adaptation on the household food security 435 

status, the study disaggregated adapters and non-adapters of climate change adaptation 436 

measures. The general observation from the results presented in Table 3 is that adapters are 437 

more food secure (85.9%) compared to non- adapters (68.3%). Therefore, non-adapters are 438 

more food insecure (31.7%) compared to adapters (14.1%). The differences are statistically 439 

significant (Chi-Square 18.052, P-Value 0.000). These results support the hypothesis that 440 

households which takes adaptation measures are likely to be more resilient to the harsh 441 

conditions of semi-arid lands and more importantly to the changing climate. We will rigorously 442 

test these descriptive results in the econometric analysis. 443 

 444 

Table 3: Household food security by climate adaptation status % households) 445 

Food security status Adapters (N=333) Non-adapters (N=101) Total (N=434) 

Chronic food insecure 0.6 0.0 0.5 

Transitory food insecure 13.5 31.7 17.7 

Break-even 73.6 57.4 69.8 

Food surplus 12.3 10.9 12.0 

 446 

Table 4 provides descriptive statistics of the climate variables and the socio-447 

economic characteristics for adapters and non-adapters. The mean annual temperature for the 448 

whole sample is 28.8oC, with the value ranging from 25oC in some areas to 29oC in others. The 449 

average rainfall is 650mm, varying from 523mm to 1,001mm. From the findings of this 450 

research study, it is confirmed that there is significant variance across households in distinct 451 
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ranches, along with the fact that there variables have a potential to explain disparities in 452 

adopting climate change adaptation strategies. 453 

Out of 440 households, majorities (92%) are male headed and pastoralism the 454 

key economic activity. This is expected given the climatic condition of Semi-Arid lands where 455 

well managed rangelands can offer good livestock ranching. The data display somewhat higher 456 

average levels of education: the average highest level of education in the household is 9.5 years. 457 

However, this is higher than the level of education of the household head which is a low 458 

primary level (5.5years). Only 41 percent and 8 percent of the households received early 459 

warning messages after the devolved government for adapters and non-adapters, respectively. 460 

As expected there was more reported dry spell than number of droughts in the last 15 years 461 

affected the pastoralists’ livestock. On average, two droughts affected livestock while four dry 462 

spells affected the livestock with a high variation of 5 dry spells.  463 

Table 4: Descriptive statistics 464 

Variable definition All Pastoralists Adapters Non-Adapters 

 Mean Std. Dev. Mean Std. Dev Mean Std. Dev 

Adapt (Yes/No) O.78  1  0  

Average annual rainfall 649.584 80.240 658.011 81.710 619.874 67.194 

Average annual Temperature 28.009 0.633 27.948 0.677 28.223 0.377 

Number of times Delay in 

rainy season affected   

livestock since 2000 

4.388 5.163 4.478 5.164 4.072 5.171 

Number of times drought 

affected livestock since 2000 

2.214 0.995 2.278 1.065 1.990 0.653 

Access to early warning 

information (yes=1) 

0.334 
 

0.405  0.082  

Wealth index 0.000 1.627 0.163 1.657 -0.576 1.373 

Livestock size in a 

standardized unit (TLU) 

19.463 21.048 20.467 21.575 15.911 18.742 

Age of the household head 

(years) 

44.186 12.974 44.418 13.491 43.365 10.972 

Male dummy Male=1 

female=0 

0.923 
 

0.927  0.907  

Highest level of education in 

the  household (years of 

schooling) 

9.566 3.822 9.921 3.427 8.309 4.788 

Household size 6.423 2.575 6.472 2.651 6.247 2.291 

Distance to the main market 

(km) 

7.956 5.213 7.741 4.599 8.717 6.941 

Access to credit after 

devolution (yes=1) 

0.189 
 

0.224  0.062  
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Pastoralism the main activity 

of this household (yes=1) 

0.816 
 

0.810  0.835  

Source: Authors computation 465 

5. Results and discussion 466 

5.1 Determinants of climate change adaptation and household food security 467 

From the econometric estimation (selection model, table 5), we identify credit access and 468 

information access supports household adaptation to climate change.  This research establishes 469 

that pastoralists who were made aware of changes in weather conditions through early warning 470 

system are more likely to adapt.  Increased access to credit facilities and information implies 471 

that they may need both information on the findings demonstrates the need for financial 472 

resources and information in climate change adaption. The findings of this paper on the role of 473 

information and credit access conform with the current literature (Di Falco et al., 2011; Di 474 

Falco & Veronesi 2013; Getachew et al., 2014)  475 

 476 

We also found that pastoralists who live far away from the markets probably could not adapt 477 

some drought management approaches.  We also found that the increase in rainfall leads to 478 

climate change adaptation. We suspect that these results uncover that we do find increase in 479 

rainfall in Semi-Arid but the distribution throughout the year is very poor leading to need for 480 

adapting to climate change. Similar results were found by Berhanu and Beyene (2015) in 481 

Ethiopia’s pastoral areas. 482 

 483 

As expected, wealthier households and those who were more endowed with livestock happen 484 

to be more food secure. This is expected given that livestock production is the main livelihood 485 

activity in the Semi-Arid economies. Delay in rainy season is likely to reduce food security 486 

status. Household food security was also found to be enhanced by access to credit. Also, the 487 

study uncovered that a high prevalence of food security among educated households. A 488 

comparison shows that households headed by men are more food secure compared to their 489 

female counterparts. The findings of this research study conform to those of Ahmad et al., 490 

(2016). 491 

 492 

Table 5: Determinants of climate change adaptation and household food security 493 

  Endogenous Switching Regression 
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Model Probit 

 (1) 

Selection 

Equation  

(2) 

Adaptation=1 

(Pastoralists 

who adapted 

to climate 

change)  

(3) 

Adaptation=0 

 (Pastoralists 

who did not 

adapt to 

climate 

change)  

(4) 

Dependent Variable Food 

security 

Adaptation 

(1/0) 

Food 

Security 

Food 

Security 

Avg_rainfall -0.000 0.004***   

 (0.002) (0.001)   

Avg_temp -0.369 -0.892***   

 (0.284) (0.235)   

Raindelayno -0.020 0.004 -0.045* 0.082 

 (0.023) (0.023) (0.027) (0.063) 

Droughtno 0.286** 0.167* 0.120 0.467 

 (0.127) (0.102) (0.131) (0.314) 

Earlywarning 0.687 1.040***   

 (0.423) (0.247)   

Wealthscore 0.190** 0.071 0.242** 0.160 

 (0.080) (0.070) (0.098) (0.168) 

Lvstksize 0.022*** 0.006 0.022*** 0.021** 

 (0.006) (0.005) (0.008) (0.011) 

Age -0.012 0.008 -0.018* -0.022 

 (0.008) (0.008) (0.010) (0.020) 

Male 0.913*** -0.113 0.977*** 0.844 

 (0.291) (0.293) (0.346) (0.580) 

Higheduc 0.073*** 0.026 0.025 0.110** 

 (0.027) (0.022) (0.032) (0.046) 

Hhsize -0.049 -0.021 0.008 -0.148 

 (0.048) (0.044) (0.061) (0.095) 

dist2manmkt 0.033 -0.036* 0.042 0.017 

 (0.026) (0.019) (0.030) (0.037) 

Credit 1.607*** 0.843*** 0.955** dropped 

 (0.470) (0.309) (0.449)  

Pastoralist -0.039 0.075 -0.060 -0.242 

 (0.271) (0.242) (0.323) (0.528) 

 Inverse mills ratio (IMR) -1.215  1.138 -3.771** 

 (1.225)  (0.820) (1.548) 

Constant 10.498 21.623*** -0.489 0.989 

 (8.028) (6.499) (0.744) (1.319) 

Observations 431 431 335 90 

Model chi-square 115.3 118.1 75.60 34.30 

Pseudo R2 0.277 0.258 0.275 0.290 

Standard errors in parentheses 494 
*** p<0.01, ** p<0.05, * p<0.1 495 

 496 
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 497 

5.2 Impact of climate change adaptation on household food security 498 

The switching regression results were used to estimate the expected conditional 499 

probability of food security and to estimate the impact of climate change adaptation.  The 500 

results show that the probability of food security among adapters is likely to significantly drop 501 

from about 82% to about 55% had they not adapted to climate change (Table 6). On the other 502 

hand, the probability of being food secure among the non-adapters could significantly increase 503 

from about 64% to almost 70% had they adapted to climate change. These results show that 504 

climate change adaptation among the sampled pastoralists’ households is crucial in ensuring 505 

household food security. We also find these findings to be consistent with past studies that have 506 

evaluated the impact of climate change on household welfare (Di-Falco et al., 2011). Further 507 

scrutiny of the results presented in Table 6 shows the heterogeneity effect of adaptations to 508 

climate changes on food security. We found that had the adapters not adapted; their food 509 

security probability could have dropped to the level that it could have been significantly lower 510 

than that of non-adapters in their current state of having not adapted. However, on the other 511 

hand, even if the non-adapters were to adapt, their food security probability would still be 512 

significantly lower than that of adapters given their current state of having adopted. These later 513 

findings on heterogeneity show that some unobserved characteristics make adapters to have 514 

significantly higher food security probability than their non-adapting counterparts. 515 

To tease/entangle out some these differences that cause the significant food 516 

security gap between adapters and non-adapters, we decompose the observed differences in 517 

food security probability following Oaxaca (1973) decomposition procedure. The observed 518 

food security probability (column (a) less column (b)) 0.186 can be decomposed into that 519 

portion attributed to the differences in resource base and that one that is due to differences in 520 

efficiency in the use of resources held between the two groups of households (adapters and 521 

non-adapters). We found that if non-adapters were to keep their current resource use efficiency 522 

but given the same resources like the ones held currently by adapters, their food security 523 

probability would increase by about 0.119, which is just 64 percentage points of the existing 524 

food security gap (0.186). Only that, improving the resource base of the non-adapters would 525 

not close the food security gap as almost 36 percentage points of the gap would not be bridged. 526 

To bridge this 36-percentage point gap, the efficiency in the use of resources by non-adapters 527 

needs to be improved too. Therefore, to close the food security gap that exists between adapters 528 
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and non-adapters, the resource base and efficiency in use of the resources by the non-adapters 529 

needs to be improved. 530 

Table 6. Impact of climate change adaptation on food security 531 

Household type To adapt Not to adapt Treatment effect 

Households that 

adapted 

(a) 

0.822 

(0.011) 

(c) 

0.552 

(0.017) 

0.270*** 

(0.015) 

Households that did 

not adapt 

(d) 

0.703 

(0.023) 

(b) 

0.636 

(0.029) 

0.067*** 

(0.021) 

Heterogeneity effects  0.119*** 

(0.021) 

-0.084** 

(0.034) 

0.186 

Standard errors in parenthesis *** p<0.01, ** p<0.05, * p<0.1 532 

Cells (c) and (d) and (a) and (b) denote the counterfactual outcome and actual outcomes, 533 

respectively. 534 

 535 

6. Conclusions and policy implications  536 

The study used data regarding pastoralist from the Semi-Arid Economies of Laikipia (North), 537 

Kenya. This study assessed the role of adaptation strategies adopted by Semi-Arid pastoralist 538 

to respond to changes in climatic conditions; discussed the critical determinants of adaptation 539 

decisions, and explained as to whether these strategies offer support towards realisation of 540 

food security among pastoralists, and determined whether these strategies support realising 541 

food security for pastoralists. This study used endogenous switching regression model to 542 

investigate the effect of climate change adaptations on household food security.  543 

Both the descriptive and econometric findings put forward that pastoralist’s who adapted to 544 

changes in climatic conditions are better off concerning food security relative to those who 545 

did not.  In particular the results show that the probability of food security among adapters is 546 

likely to significantly drop from about 82% to about 55% had they not adapted to climate 547 

change. On the other hand, the probability of being food secure among the non-adapters 548 

could significantly increase from about 64% to almost 70% had they adapted to climate 549 

change. These results support the hypothesis that households which take climate change 550 

adaptation measures are likely to be more resilient to the harsh conditions of semi-arid lands 551 

and more importantly to the changing climate.  552 
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Following the above results, we recommend that for the pastoralist to be encouraged to adopt 553 

climate change adaptation strategies, the government could come up with programs in the 554 

ASALs to promote sustainable adaptation options such as herd size management through 555 

proper markets for pastoralists livestock combined with banking livestock assets for their 556 

insurance cover. Besides, there is need to invest in pasture and water management in the 557 

ASALs. For example, water harvesting during rainy seasons can increase availability of water 558 

during the dry spells. Partnerships with county governments and local communities to 559 

implement alongside expanding irrigation pasture production areas and identify high capacity 560 

pasture varieties and seeds for use in ASALs is one of the mechanisms to encourage 561 

sustainable adaptation options. Also, pasture rehabilitation campaigns in partnership with 562 

county governments on reseeding high yield grass that is adaptable to dry lands and 563 

rehabilitating the degraded rangelands can increase availability of pasture for dry season 564 

grazing. The use of purchased fodder such as hay and growing storage of fodder are some of 565 

the adaptive strategies which have gained importance in the Semi-Arid regions of Laikipia. 566 

Production of hay is a suitable activity in pasture lands in large farms and ranches. Therefore, 567 

the county government of Laikipia is committed to supporting and promoting hay production.   568 

As expected the higher the distance from the market, the less likely to adapt to changes in 569 

climate. Given that livestock production is the main economic activity in the Semi-Arid 570 

economies, we found those households with more livestock to be more food secure. But one of 571 

the adaptation strategies is to have optimal herd size, therefore, there is need for efforts to 572 

encourage herders to reduce their herd size for more stability in the face of climate change - 573 

the lower the herd number, potentially the more savings and ability to get out of a drought or 574 

long dry spell for example. If drought hits and a household has invested a lot into developing 575 

a large herd and put little aside, this can cripple household food security and development. 576 

There is also need for pastoralist to combine herd size with the keeping of livestock as a 577 

business which enables them to have a plan on how to sell when animal gains the right live 578 

weight and consequently reduce the herd size to the optimal level.  579 

Access to credit makes a household to be more food secure. These findings are consistent with 580 

the results of Ahmad et al., (2016). Access to credit may make a household food secure in the 581 

short-term, but in the long-term, if households do not plan well repayments of loans, there 582 

could be negatives effects of debt, reducing food security. Therefore, we recommend that 583 

pastoralist should be advised on responsible borrowing behavior. 584 
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These results have fundamental policy implication. First, it is essential to invest in the 585 

development of adaptation strategies that address issues of climate change relevant to the Semi-586 

Arid economies. Second, facilitating and enabling credit facilities with responsible borrowing 587 

and disseminating information on climate change are vital facets that determine to implement 588 

the adaptation strategies, which could result in more food security. There is also need to 589 

enhance the current early warning system in the Semi-Arid with a component on the role of 590 

adapting to climate change on the food security of the pastoralists. Other interventions to 591 

climate change adaptations and private sector investments opportunities include: promoting 592 

livelihood diversification through conservancy/ tourism where the income is used for rangeland 593 

conservation and rehabilitation; restoring degraded grazing lands e.g. through adoption of silvo 594 

pastoral systems; enhancing selection, management of animal breeds; increasing people 595 

awareness of the effects of climate change on food security and livestock, strengthening land 596 

use management problems, fodder banks and strategic reserves capacity building in indigenous 597 

knowledge, introduction of livestock insurance schemes, making use of early signs, taking 598 

actions early in advance, as well as managing and breeding livestock (GoK 2013; 2016; 2018).  599 

Lastly, Policy gap analysis on pastoralist focused climate change adaptation ought to be made 600 

as people deem them necessary, along with incorporating them in the national development 601 

planning, county governments planning and policies. Further support may be provided to the 602 

counties through research to identify their comparative advantage in pasture production in line 603 

with NCCAP priority adaptation of proper management of pasture lands /controlled grazing 604 

/fodder banks. For example, semi-arid and high potential counties present a better environment 605 

for fodder production while the arid counties present as users of the fodder and livestock 606 

markets. 607 
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Hello, 616 
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make our study successful. Your views are important and will help us to generate research 621 

findings and learn lessons about the climate shocks in the sector of livestock. This information 622 

would help inform the investments and policies in the livestock sector. 623 

We selected the producers randomly for the survey and would like to talk to you for about one 624 

and a half hours to collect information that is set out in this questionnaire.  625 

We will be conducting the same survey in other communities in this group ranch and 626 

throughout Laikipia County as well as in other countries.  627 
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