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Executive summary  

Climate change is a serious threat for agriculture, food security and the fight against poverty, 
especially in sub-Saharan Africa. With the IPCC climate outlook for the 21st century, the future of 
maize production in Kenya remains under threat of more intense and frequent droughts, 
fluctuations in temperature and more erratic rainfall patterns. Effective adaptation to these 
progressive changes in climatic condition is the key to securing food production and livelihoods for 
millions of poor people. This study was conducted to provide a comprehensive understanding of the 
adaptation behaviour of maize-legume farm households in response to climate shocks, with 
emphasis on poverty, food security and gender perspectives. The research was conducted in rural 
Eastern and Western Kenya for the “Sustainable Intensification of Maize-Legume Farming Systems 
for Food Security in Eastern and Southern Africa (SIMLESA)” project.  

Data for this study are drawn from a SIMLESA baseline survey conducted in 2011. A total of 613 
households were sampled by proportionate random sampling in two districts from the western 
region (Bungoma and Siaya) and three districts from the eastern region (Embu, Meru and Imenti 
South). Despite the area’s high potential for agricultural productivity, half of the surveyed 
households are living in poverty, with expenditure below 1 USD per capita per day. 70% of surveyed 
households in the western region compared to 30% in the eastern region identified themselves as 
food-insecure and almost 20% of households are female-headed in both regions. Between 1961 and 
2012 the trend has been for annual rainfall to decrease in Siaya and Embu, to remain constant in 
Meru, and to increase in Bungoma. While Embu, Bungoma and Meru have experienced an increase 

of 1C in the average daily temperature, in Siaya the temperature has decreased by 2C. These 
observed changes in patterns of precipitation and temperature have put small-scale farm households 
in all districts under more pressure as regards production risks, as some crops, especially maize, are 
sensitive to certain temperature ranges. 
  
Between 2000 and 2010, almost all of the surveyed maize-legume farm households reported drought 
as the most frequent and severe climate shock on farm production, followed by crop pests and 
excessive rainfall. Drought, which on average occurred almost three times during the 10-year period, 
had the most severe effect on food-crop production and income when compared to crop pests and 
excessive rainfall. Based on farmers’ assessments, poor households with per capita expenditure in 
the lowest tertile were affected by drought, crop pests and excessive rainfall less frequently than 
households in the upper tertiles. With regard to food security, the effect of drought as measured by 
reduction in food production and income is more severe for food-secure households than for food-
insecure households, although the effect of crop pests on income is more severe for food-insecure 
households. Concerning gender, the adverse effect of crop pests on food production and income is 
found to be more severe for male-headed than for female-headed households. These results are 
contrary to what might be expected and should be treated with caution. One possible explanation 
may be related to the potential effect of having a large asset endowment and large-scale farm 
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production, which makes the upper tertiles and food-secure households especially susceptible to 
climate shocks.  
 
A farm household’s adaptation to climate shocks follows a two-step process. As a response to the 
reduction in food production and income, a shock-affected household will first decide whether or 
not to undertake any action, before choosing a particular adaptation strategy from the available 
options. Almost 90% of shock-affected farmers applied at least one adaptation strategy, and most 
households reported that they had adapted to drought, with fewer reporting having adapted to crop 
pests and excessive rainfall. In the first step, results of probit regression show that the influence of 
previous frequent experience of drought significantly reduces the likelihood of adapting to drought 
and to excessive rainfall, while previous frequent experience of crop pests significantly increases the 
probability of adapting to all three types of shock. Although poverty and food insecurity are not 
found to have a significant influence on the adaptation decision for any shock, female-headed 
households are statistically 15% more inclined to adapt to excessive rainfall than male-headed 
households. The role of information through extension and membership of associations is found to 
support the decision to adapt to drought and excessive rainfall. The decision to adapt to drought and 
crop pests is found to increase with a proportion of steep farm land, but to decrease with farm size. 
Exposure to new technology is also found to influence the adaptation decision, as the adoption of 
improved maize varieties discourages crop pests, and maize-legume intercropping supports 
adaptation to excessive rainfall. However, education is shown to reduce the probability of adaptation 
to drought, while household size and credit access are found to reduce the probability of adaptation 
to crop pests. Distance to the main market and high rainfall variation show a significant positive 
effect on the probability of adapting to crop pests. High temperatures, on the other hand, tend to 
reduce the probability of adapting to drought and crop pests.  
 

Results from multivariate probit regression identify complementarity and substitutability between 
adaptation strategies. Among four common adaptation strategies for coping with drought, farm 
adjustment (e.g. use of improved seed varieties with early maturity and tolerance to stress, replanting, 
use of external inputs, conservation agricultural practices and crop diversification) is found to be a 
substitution strategy for selling assets and borrowing. Reducing consumption is found to be a 
substitution strategy for selling assets, but is complementary to borrowing for adapting to drought. 
To adapt to crop pests, results show farm adjustment to be a substitution strategy for selling assets 
and reducing consumption. However, selling assets is a complementary strategy for borrowing, but 
is a substitution strategy for seeking treatment for crop pests, which in turn, is a substitution strategy 
for borrowing. On the other hand, farm adjustment appears to be the single dominant adaptation 
strategy for coping with excessive rainfall. Regression results for all three types of shock further 
highlight the reinforcing influence between different types of shocks for households that have not 
only experienced one type of shock several times, but have also experienced multiple types of shock 
during the same period. The impact of a current shock may be aggravated by the impact of previous 
experience of shocks. As shown from adaptation to drought, for example, frequent experience of 
crop pests is found to support reducing consumption while discouraging farm adjustment and 
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borrowing, while frequent experience of excessive rainfall is found to support farm adjustment but 
to discourage reducing consumption. Frequent experience of drought, on the other hand, 
encourages farm adjustment as an adaptation strategy for crop pests, while frequent experience of 
excessive rainfall reduces the likelihood of sales of assets and borrowing, but increases the 
probability of seeking treatment to cope with crop pests. 
     

Sampled households in the lowest tertile are less likely to reduce consumption and to borrow to 
adapt to drought, but they are more likely to adjust farm management to adapt to excessive rainfall. 
When faced with a reduction in food and income, food-insecure households are more inclined to eat 
less to adapt to drought, and to borrow to adapt to crop pests, but they are less likely to adjust farm 
management to adapt to excessive rainfall. Although there is no significant influence of gender on 
the choice of adaptation strategy for drought and excessive rainfall, female-headed households are 
found to be 15% more likely to sell assets than their male-headed counterparts to adapt to crop 
pests. Other socioeconomic variables, particularly household size, assets, off-farm income, 
membership of associations, contact with extension, and credit access, show diverse influence on 
choice of adaptation strategies. In terms of farm and farm-management variables, a small farm size 
encourages farm adjustment for adapting to drought, and seeking treatment for dealing with crop 
pests. A large area of steep slope on the farm is found to support adjustment in farm management 
for adapting to drought, but selling assets, reducing consumption and borrowing are more favoured 
by households with a large area of flat land. Cultivation of improved maize varieties and a small 
holding of livestock further encourage farm adjustment for adapting to drought, while households 
with a large livestock holding are more likely to sell the animals. Households living in an area with 
high variations in rainfall and temperature are more likely to adjust their farm management as an 
adaptation strategy for drought. On the other hand, households living in low-temperature areas are 
more likely to sell assets to cope with drought and crop pests, whereas seeking treatment to cure 
crop pests is more likely for farm households in dry and cold areas.  
 

This study highlights the significant interdependency and reinforcing influence of frequency of other 
shock types on coping with and choosing an adaptation strategy for a particular shock. Therefore an 
effective policy scheme to support adaptation should not take any one shock in isolation, but should 
incorporate the context and composite implication of other shocks. Research into adapting to 
climate change and policy discussion should also recognize that a certain adaptation strategy can be 
applied for different types of shocks. For example, adjustment of farm technology and practices can 
be promoted to combat drought, crop pests and excessive rainfall. However, as farmers may choose 
to apply multiple adaptation strategies, it is important to take into account the complementarity and 
substitutability between different types of adaptation strategies, which is context-specific for each 
type of shock. Moreover, assistance should target food-insecure households belonging to the lower 
expenditure group and those led by female heads, as these are often disadvantaged in terms of asset 
ownership and access to the technology and information necessary for adaptation to shocks.   
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1. Introduction 
 
Climate change is a serious threat for agriculture, food security and the fight against poverty, 
especially in sub-Saharan Africa where every second person is struggling to live with less than 1 USD 
per day (Thornton et al. 2008). Crop failure due to unexpected climate shocks such as drought, crop 
pests and excessive rainfall increases the risk of a longer period of hunger and hardship for the many 
rural poor who rely on small-scale farming for food and income. Farming systems in this part of the 
world remain primarily traditional and geared toward semi-subsistence, with low utilization of 
external inputs and technologies, so that yields of food crops depend on favourable climatic and 
biophysical conditions. To respond to increasing unprecedented incidents of rising temperatures and 
shifting in precipitation patterns, some farm households undertake various adaptation strategies. The 
inadequate ability of households to adapt to progressive climate change is seen as an important 
driving force that makes households vulnerable to poverty, especially those living in rural areas with 
few social, technical and financial resources (World Bank 2010, UNFCCC 2007). Hence an 
understanding based on empirical evidence of the factors influencing adaptation behaviour is urgent 
and essential to target rural development and formulate agricultural policies that increase the 
resilience of rural farm households in vulnerable environments.  
 
Despite Kenya being the largest and fastest-growing economy in East Africa, more than 67% of its 
43 million people are fighting poverty (World Development Indicators 2012). Agriculture employs 
75% of the workforce and contributes the largest share of GDP growth (24%) but grew by only 
1.5% in 2011 (KNBS 2013). In Kenya, maize is the most important staple food and a traditional 
favourite component of meals, with an average annual consumption of 125 kilograms per capita 
accounting for roughly one third of daily caloric intake (Pingali 2001). Maize is also a major crop in 
Kenyan agriculture, being grown on half of cultivated land in almost all agroecological zones by 98% 
of 3.5 million smallholder farmers, who contribute at least 75% of national production (Kirimi et al. 
2011). However, Kenya has been relying on imports and food aid for maize since 2000 (USAID 
KMDP 2011).  
 
Drought, excessive rainfall, and crop pests, as well as declining soil fertility, deteriorating soil 
structure and lack of production-enhancing technology have all been attributed for successive crop 
failures and decreasing production, which is thus unable to meet the challenge of satisfying domestic 
consumption (Nyoro et al. 2007). To address low soil fertility and soil moisture-retention problems, 
maize and legume intercropping under conservation agricultural practices has been proposed as a 
sustainable intensification of food-crop production that aims to increase the resilience of maize-
based farming systems to progressive climate change. The “Sustainable Intensification of Maize-
Legume Farming Systems for Food Security in Eastern and Southern Africa (SIMLESA)” is an 
example of the effort in 2009 led by the International Maize and Wheat Improvement Center 
(CIMMYT) and its partners in Eastern and Southern Africa, with support from the Australian 
Centre for International Agricultural Research (ACIAR). The project is currently on-going in Kenya, 
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Tanzania, Ethiopia, Malawi and Mozambique, and is targeting maize and five main legumes grown 
in the region (beans, pigeon peas, groundnuts, cowpeas and soybeans).  
 
Given that almost all agriculture in Kenya is rain-fed with low fertilizer application, the impact of 
drought on maize production is substantial in a country where over 80% of land area is arid or semi-
arid, and where most of this area has a low and uncertain rainfall distribution pattern averaging 500 
– 800 mm per annum (WEMA 2012). With the IPCC climate outlook for the 21st century, the future 
of maize production in Kenya remains under threat of more intense and frequent droughts, 
fluctuations in temperatures and more erratic rainfall patterns. Effective adaptation to these 
progressive changes in climatic conditions is the key to securing food production and safeguarding 
the livelihoods of millions of poor people. However, up to date there is no empirical evidence on 
common adaptation strategies and individual adaptation decisions of maize-legume farmers in 
Kenya for coping with agricultural production shocks due to increasing climatic variability. Available 
studies usually look at adaptation to climate shocks for an individual shock type in isolation, and do 
not take into account the interdependence and reinforcing influence of experiences of different 
shock types. 
 
The objective of this study is therefore to provide a comprehensive understanding of maize-legume 
farm-household adaptation behaviour when faced with climate shocks, from the perspectives of 
poverty, food security and gender in rural Eastern and Western Kenya. The paper aims to (1) 
identify major climate shocks on farm production and common adaptation strategies during 2000 – 
2010, (2) define farm household-level socioeconomic factors that explain farmers’ adaptation 
decisions and choices of adaptation strategies, (3) assess interrelationships between different shock 
types on adaptation decision and strategies, and (4) examine complementarity and substitutability 
between adaptation strategies. More importantly, this study provides an empirical insight into 
formulating development policy with regard to adaptation to climate change, which will enhance the 
adaptive capacity of poor, food-insecure and female farmers in rural areas.  
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2. Farmers’ adaptation to climate shocks on farm 

production 
 
The Intergovernmental Panel on Climate Change (IPCC) defines climate change as a change in the 
state of the climate that can be identified by changes in the mean and/or the variability of its 
properties, and that persists for an extended period beyond that of individual weather events (IPCC 
2007). The main process driver of climate change is a result of increasing anthropogenic emissions 
and concentrations of primary greenhouse gases (GHG)—carbon dioxide (CO2), nitrous oxide 
(N2O) and methane (CH4) — above the natural level in the atmosphere (IPCC 2007, UNFCC 2007). 
The thermal infrared radiation emitted by the Earth’s surface is absorbed by greenhouse gases, 
leading to an increased infrared opacity of the atmosphere and radiative forcing. The heat and 
evaporation developed in this process cause the temperature to rise and the precipitation pattern to 
change. Farming depends essentially on temperature and rainfall, and prolonged periods of drought, 
erratic rainfall patterns (e.g. late rain onset, early rain termination, and sporadic rainfall distribution), 
flooding, and periods of unusual heat and cold, are direct consequences of precipitation and 
temperature fluctuation (IPCC 2007). In addition, crop pests in a warmer climate may become more 
active than at the present time, and may expand their geographical range because temperature, light 
and water are major factors controlling their growth and development (Bebber et al. 2013, 
Rosenzweig et al. 2001).  
  
The process of climate change can have both positive and negative unexpected impacts on different 
land users and farming systems, but it increases farmers’ exposure to new and unfamiliar conditions, 
especially the shifting of mean values and an increasing variation in climate patterns (Osbahr et al. 
2008).  Farm production, income and food security of rural households depend therefore on the 
ability to adapt farm planning and cultivation patterns to progressive climate change, in order to 
reduce damage from negative impacts, and to capture benefits from positive impacts. Although 
adaptation does not directly prevent climate change, it reduces the damage caused and allows 
beneficial opportunities to be explored (Stern 2007).  
 
To address the negative impact of climate change on farm production, adaptation in this study is 
defined as any adjustment in natural or human systems, whether reactive (ex-post) or anticipatory (ex-
ante), that alleviates the decrease in yield and increase in yield variability brought about by climate 
change (Smit and Skinner, 2002). While some adaptations can be undertaken after the shocks have 
manifested themselves, other adaptations can be undertaken in anticipation to reduce the likelihood 
of the shock occurrence (Fankhauser et al. 1999; Smith and Lenhart 1996; Tol et al. 1998). 
Adaptation may involve building capacity (i.e. increasing the ability to adapt to changes), and 
implementing adaptation decisions (i.e. transforming the capacity into action) although individual 
adaptation actions are influenced and constrained by institutional, economic and social conditions 
(Adger et al. 2005; Smithers and Smit 1997). Adaptation may be classified as coping action when 
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undertaken in response to short-term weather variability as opposed to long-term climate change 
(Ziervogel et al. 2008).   
 
In terms of adaptation in agriculture, Cooper et al. (2008) differentiated adaptation strategies into 
three categories: (a) risk-management options prior to the start of the planting season; (b) in-season 
adjustment of crop and resource management; and (c) after-season risk management that minimizes 
impacts on livelihood. Mendelsohn (2000) and Stern (2007) further distinguish between private and 
public adaptations. Private adaptations are behavioural responses driven by an individual’s self-
interest, i.e. when only the decision-maker implementing and paying for the adaptation profits from 
the adaptation benefit accrued. Public adaptations (e.g. joint adaptation by a community) share the 
benefit among many beneficiaries, including those who do not partake in the implementation or cost 
payment.  
 
In this paper the focus of attention is placed on the private adaptation strategies implemented by 
individual farm households in response to climate shocks prior to, during, and after the planting 
season. Specifically, the farm household’s adaptation to shock is depicted in a sequential decision-
making framework (Figure 1). The exposure to shocks on agricultural production caused by climate 
change affects a household’s crop yield, reducing food production and income. In the first stage, a 
shock-affected farm household decides whether or not to undertake any adaptive action to cope 
with the reduction in food production and income. In the second stage, having decided to adapt, the 
household will choose a particular adaptation strategy from among the available options. Central to 
adaptation is the trade-off between present and future consumption-smoothing at the expense of 
productive capacity and asset liquidation.  
 
In this second stage, two main aspects of adaptation to climate shock are considered. On-farm 
adaptation strategy refers to the household’s on-farm production practices and technology 
management in response to and/or in anticipation of lower yields and increasing yield variability 
(Smit and Skinner 2002). On-farm adaptation strategy involves adjustment of farming practices and 
often encompasses the adoption of new technology in breeding and agronomy (Bryan et al. 2009). 
This strategy includes the use of one of more of the following practices: planting improved varieties 
with early maturity and tolerance to stress; replanting; application of external inputs such as fertilizer; 
early or relay planting; conservation agricultural practices; crop diversification; crop intensification; 
and treatment of crop pests and diseases (e.g. Claessens et al. 2012, Kristjanson et al. 2012, Mercer et 
al. 2012, Cavatassi et al. 2011, Thompson et al. 2010). Off-farm adaptation strategy refers to the 
ways in which a household prepares for and copes with a reduction in food and income through 
managing their consumption and capital. Farm households can reduce their consumption of food 
and restrict other expenses as their food and income decline (e.g. Cooper et al. 2008, Dercon 2007, 
Jalan and Ravallion 1999); they can sell assets such as livestock, land, saved agricultural products and 
other assets in exchange for cash and other consumables (e.g. Cooper et al. 2008, Kochar 1999, 
Newhouse 2005); or they can borrow from formal and informal sources (e.g. Tadesse and Brans 
2012, Cooper et al. 2008, Newhouse 2005, Kochar 1999). 
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Other studies in literature show additional options for adaptation. To cope with increasing climatic 
variability, poor farmers in Mozambique, for example, relied on reciprocity and exchange of 
resources across different network levels as well as on income diversification and collective land-use 
management (Osbahr et al. 2008). To cope with severe drought, farmers in Burkina Faso changed 
their lifestyle in different ways to earn a living, for example by migration, off-farm employment, 
social support networking and livestock production (Roncoli et al. 2001). 
 

  
Figure 1: Climate shocks on farm production and farm households’ adaptation strategies 

Source: Own illustration 
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3. Empirical framework 

3.1 Modelling adaptation decision: a two-step approach 
 
To understand the adaptation behaviour of farm households, an empirical model is needed to 
explain (1) what factors influence a farmer’s decision as to whether or not to adapt when a shock 
occurs, (2) what factors determine a choice of a particular adaptation strategy, (3) whether 
adaptation to one type of shock is influenced by experiences of other types of shock, and (4) which 
adaptation strategies are complements and which are substitutes to one another. Facing climate-
induced agricultural production shocks that affect food production and income, a farm household 
can either undertake any adaptation strategy to reduce the loss from the shock and to prepare itself 
for a possible recurrence, or else not adapt. Non-adaptation can be interpreted as a result of lack of 
adaptive capacity, or of the shock being inconsequential to the household. Each of the alternatives 

brings a different stream of utilities — ଵܷ	from adaptation and ܷ଴	from non-adaptation  which are 
index functions of a set of deterministic and stochastic variables.  
 

Utility from adaptation:  ଵܷ ൌ ݂ሺࡿ, ,ࢄ ,ࡸ  ଵሻߝ
Utility from non-adaptation:  ܷ଴ ൌ ݂ሺࡿ, ,ࢄ ,ࡸ  ଴ሻߝ
  
The deterministic vectors to adaptation are the nature of the climate shock incidents that enforce 
change (S), properties of the farm household defined as socio-demographic characteristics and farm 
management (X), and specific characteristics of the location	(L) (Smithers and Smit 1997). ߝଵ and  ߝ଴ 
are stochastic variables for adaptation and non-adaptation, respectively. For an individual household 
in a given period, the utility from taking an adaptation action can be interpreted as the benefit from 
undertaking measures that compensate for losses in food production and income caused by shocks. 
The choice of efficient adaptation, or non-adaptation, is the one that makes a household better-off 
through an increase in utility, and a household will only adapt if the stream of utility derived from 
adaptation is greater than from non-adaptation (Mendelsohn 2012). Although utility is unobservable, 
the observed binary choice of adaptation action (Yൌ 1) or non-adaptation (ܻ ൌ 0) provides a proxy 
for such utility comparison with a certain probability.  
 

Probability of adapting:      ܲݎሺܻ ൌ 1|ܵ, ܺ, ሻܮ ൌ ሺݎܲ ଵܷ ൐ ܷ଴ሻ 
Probability of not adapting:    ܲݎሺܻ ൌ 0|ܵ, ܺ, ሻܮ ൌ ሺݎܲ ଵܷ ൑ ܷ଴ሻ 
 
Based on maximization of utility and probability of adaptation, the key questions in this paper 
essentially address two steps of decision-making. In the first step, a shock-affected household 
decides whether or not to take any action to adapt to the climate shock. The adaptation decision at 
this initial step for each type of shock can be solved by standard probit regression estimating the 
relationship between a latent discrete binary decision variable ௜ܻ

∗ as dependant variable (adapt: 
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௜ܻ ൌ 1; not-adapt:	 ௜ܻ ൌ 0) and a set of explanatory variables ( ௜ܵ , ௜ܺ ,  for all (௜ߩ) ௜) and an error termܮ
households ݅ up to ݊ (Step 1). 
 

Step 1: Adaptation decision 
 

 ௜ܻ
∗ ൌ ௜ߙ ௜ܵ ൅ ௜ߚ ௜ܺ ൅ ௜ܮ௜ߜ ൅  ௜ߩ

  ௜ܻ ൌ 1     if    ௜ܻ
∗ ൐ 0 

 ௜ܻ ൌ 0     otherwise 
 

The probability that a household chooses to adapt to each type of shock depends on the values of 

௜ܵ , ௜ܺ , ,௜ߙ ௜ and the parametersܮ ,௜ߚ  ௜ which describe their influences. The functional form of aߜ
probit model assumes a normal distribution of the error terms, and the estimation is based on the 
maximum likelihood method.  
 
In the second step, after the decision to adapt an adapting household will select a particular 
adaptation strategy from among the available options that may be used simultaneously as 
complements or substitutes (Step 2). For this purpose, the standard binary (univariate) probit model 
in Step 1 can be expanded to multivariate probit regression (MVP) with a standard normal 
distribution to assess factors influencing the selection of various adaptation strategies. As opposed 
to other modelling approaches such as multinomial logit regression and separate binary response 
(univariate) probit equations, multivariate probit is more suitable because it estimates the influence 
of explanatory variables on each of the different adaptation strategies j ൌ 1, … , J , while accounting 
for systematic correlations of unobserved and unmeasured factors across strategies but not across 
observations within a given strategy (Young et al. 2009, Greene 2011, MacFaddden 1981). 
Correlations may be due to complementarity (positive correlation) or substitutability (negative 
correlation) between different strategies. Therefore the estimates of multinomial logit or separate 
univariate probit equations are biased and inefficient when such correlations exist (Greene 2011, 
Wooldridge 2010). Specifically, MVP regression extends the error terms ε୧ which have a multivariate 
normal distribution, each with zero mean and variance-covariance matrix	V, where variance ρ୨୩ ൌ

1	for j ൌ k and covariances ρ୨୩ ൌ ρ୩୨ to allow for such correlation (Cappellari and Jenkins 2003). 
Step 2 uses the same set of explanatory variables as step 1 and can be specified as following: 
 

Step 2: Choice of adaptation strategy 

 

௜ܻଵ ൌ ൜
1	ሺStrategy	1ሻ					if	 ௜ܻଵ

∗ ൌ ଵߙ ௜ܵଵ ൅ ଵߚ ௜ܺଵ ൅ ௜ଵܮଵߜ ൅ ௜ଵߩ ൐ 0
0	ሺOtherwiseሻ					if	 ௜ܻଵ

∗ ൑ 0																																																									
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௜ܻଶ ൌ ൜
1	ሺStrategy	2ሻ					if	 ௜ܻଶ

∗ ൌ ଶߙ ௜ܵଶ ൅ ଶߚ ௜ܺଶ ൅ ௜ଶܮଶߜ ൅ ௜ଶߩ ൐ 0
0	ሺOtherwiseሻ					if	 ௜ܻଶ

∗ ൑ 0																																																									
 

 
⋮ 

 

௜ܻ௃ ൌ ቊ
1	ሺStrategy	Jሻ								if	 ௜ܻ௃

∗ ൌ ௃ߙ ௜ܵ௃ ൅ ௃ߚ ௜ܺ௃ ൅ ௜௃ܮ௃ߜ ൅ ௜௃ߩ ൐ 0
0	ሺOtherwiseሻ					if	 ௜ܻ௃

∗ ൑ 0																																																									
 

 
Based on the simulated maximum-likelihood method, estimation of the MVP models applies the 
Geweke-Hajivassilion-Keane smooth recursive conditioning simulator which draws upon the 
product of sequentially conditioned univariate normal distribution functions with joint probability 
(Geweke et al. 1997; Hajivassiliou et al. 1996). Joint decision-making by farmers is tested using the 
Wald test (Cappellari and Jenkins 2003). MVP is widely applied in literature which explores the 
correlation between shocks and binary choices of adaptation strategies (e.g. Tongruksawattana et al. 
2013, Waibel et al. 2013, Nhemachena and Hassan 2007, Rashid et al. 2006, Takasaki et al. 2002).  

 

    3.2 Model specification and variables hypothesized to influence 
a farm household’s adaptation 

Since decision on adaptation and choice of adaptation strategy vary depending on type of shock, it is 
appropriate to specify a separate model consisting of two decision-making steps for each shock type. 
In step 1, all shock types are specified to the same dependent variable which is a binary response to 
adaptation when at least one adaptation strategy was used. In step 2, each shock type may have its 
own set of specific adaptation strategies as binary response dependent variables subject to common 
strategies found in the sample. For all shock types, however, adaptation behavior may be explained 
by the same set of explanatory variables, although with different directions and degrees of influence. 
A detailed description of the dependent and explanatory variables, including their expected influence 
on a farm household’s adaptation, is provided in Table 1.  
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Decision on whether or not to adapt and choice of adaptation strategies depend on the type, 
frequency and severity of shocks. Accumulated experience with shock, as measured by frequency of 
occurrence in the last time period, is potentially a positive influential factor in the adaptation 
decision (Tongruksawattana et al. 2013, Smithers and Smit 1997). In addition, it is hypothesized that 
experience with other shock types during the same period also has a potential influence on the 
decision to adapt to a particular type of shock (own shock). For example, a decision to adapt to 
drought may depend on whether a household has also frequently experienced crop pests and 
excessive rainfall during the same period. However, the expected relationship can be either positive 
or negative. A drought-affected household may be inclined to adapt to drought, if it did not suffer 
from frequent crop pests, and so remains with sufficient resources that can be used for adapting to 
drought. On the other hand, a drought-affected household may be inclined to adapt to drought even 
if crop pests have been frequent, because it cannot afford to continue with severe yield damage from 
both shock types.  

A household’s socioeconomic characteristics and local environment also influence the adaptation 
decision (Rashid et al. 2006, Takasaki et al. 2002). Relatively poor or less resource-endowed 
households have fewer resources, and hence are expected to have less ability to adapt to climate 
shocks than wealthier or more resource-endowed households (Silvestri et al. 2012; Hardaker et al. 
1997). Per capita expenditure can be used as a proxy for wealth, where households are categorized as 
“poor” if their expenditure per capita falls within the 1st tertile of the entire sample as an indicator of 
relative poverty status. While poor households are expected to be reluctant to invest in farm 
adjustment, treatment of pests and diseases, or to sell assets, they are potentially more likely to 
reduce consumption and borrow as adaptation strategies. A similar hypothesis applies to food-
insecure households. On the other hand, other household’s wealth indicators such as assets and off-
farm income are hypothesized in the opposite direction (Cutter et al. 2003, Glewwe and Gillette 
1998). Gender of the household head is also considered to influence the adaptation decision. As the 
number of female-headed households is increasing in Africa, women assume more autonomy in 
making decisions for their households and farms (FAO 2011). However, women still have less 
access to, and control of, assets, agricultural inputs and credit than men, while provision of 
education and extension is usually aimed at men (Asfaw and Admassie 2004). Nonetheless, 
Nhemachena and Hassan (2007) found that female-headed households are more likely to adapt to 
climate shocks as women in female-headed households are responsible for a larger share of 
agricultural tasks than they are in male-headed households. Therefore it is hypothesized that female-
headed households have a positive relationship with the probability of using all the adaptation 
strategies except borrowing, which could still be more restricted for women than men in terms of 
asset ownership and credit access.  

High levels of education are associated with access to information on new technology and credit 
sources (Norris and Batie 1987; Igoden et al. 1990; Lin 1991). Household heads who have spent 
more years in school therefore have a high probability of adjusting farm practices, seeking treatment 
for crop pests and borrowing, as opposed to reducing consumption and selling assets. Similarly, 
contact with extension (e.g. government extension services, neighbors and farming relatives, seed 



 
 

11 
 

traders, agrovets and NGOs) as well as membership of associations and farmer cooperatives and 
groups are associated with access to information on new technology and credit sources (Deressa et 
al. 2009, Maddison 2007). These variables are therefore expected to have the same influence on 
adaptation as does education. In addition, access to credit is expected to have a positive relationship 
with adaptation, as credit generates the resources necessary to invest in new technology, treat 
diseases and pests and borrow for consumption smoothing. It is hypothesized that young household 
heads will be likely to adapt by adopting technology and seeking treatment, whereas older household 
heads will be more likely to sell assets, reduce consumption and borrow. Large households are 
expected to have a large pool of labour to be reallocated to on-farm and off-farm activities, but 
consumption per household member would be reduced when facing a decline in food production 
and income. 

A household’s capacity to adapt to climate change depends on its endowment of livelihood assets, 
e.g. natural, human, physical, institutional, social, and financial (Yohe and Tol 2002). A larger farm 
size allows for more flexibility in the adjustment of farming practices and adoption of new 
technology (Maddison 2007). Adaptation in terms of farm adjustment is expected to be less likely 
for flat areas as compared to sloping areas where soils are more prone to erosion. Households with 
existing exposure to new technology (e.g. adoption of an improved maize variety) can be expected to 
further adopt new technologies as an adaptation measure. A similar expectation applies to an 
existing practice of maize-legume intensification, except that households who rotate or intercrop 
maize with legumes may be less likely to reduce consumption as an adaptation strategy due to a 
larger supply of food provided by these two crops. Livestock as a form of asset may be liquidated 
for cash to purchase yield-enhancing inputs such as improved seeds, or to smooth consumption 
demand (Dercon 1998). Distance to the nearest market indicates the level of market access, and a 
positive relationship between proximity to market and adaptation may be expected (Maddison 2007).  
 
Lastly, climatic conditions in a location may play an influential role in encouraging or discouraging 
an adaptation decision. Di Falco and Veronesi (2012) found evidence in Ethiopia that adaptation 
strategies undertaken by farmers were correlated with rainfall. Lack of rainfall but high temperatures 
may induce farm households to adopt improved maize varieties with drought and heat tolerance or 
water efficiency. On the other hand, farmers may be reluctant to invest in replanting if they expect 
low rainfall.  
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4. Data and study area 
 
Data for this study are drawn from a SIMLESA baseline survey conducted in 2011. The survey 
purposively selected two regions in Kenya, taking into account their maize-legume production 
potential: the western highlands in the western region and the central highlands in the eastern 
region. Both regions have a bimodal rainfall pattern and two cropping seasons (i.e. March-April 
rainy season and September-November rainy season). A total of five districts were selected, of which 
two districts were from the western region (Bungoma and Siaya) and three districts from the eastern 
region (Embu, Meru and Imenti South) (Figure 2). However, due to its relatively small 
administrative size and close proximity to Meru, characteristics of Imenti South can be reflected by 
those of Meru. 

 

Figure 2: SIMLESA study sites in Kenya 
Source: Adapted from SIMLESA 

 
All the districts are considered to have good agricultural potential with well-drained soils and 
relatively high rainfall (1,100 – 1,600 mm per year), and are characterized by small-scale cash crop 
and subsistence farming systems (MOA 2006). Common food crops grown include maize, beans, 
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potatoes and vegetables, while the main cash crops are tea, coffee, sugarcane and cotton; cattle and 
small livestock are also widely kept (GOK 2005a, 2005b, 2007, 2009). Average size of plots of land  
under small-scale agriculture in both western and eastern areas ranges approximately from 0.7 ha to 
1 ha. Despite a high potential for agricultural productivity, the number of people living on less than 
1 USD per day in the districts remains substantial, with the highest poverty rate found in Bungoma 
(50.7%), followed by Siaya (40.1%), Embu (36.6%) and Meru (31.2%) (KIHBS 2006). 
 
Compared to other districts, Bungoma has the highest average rainfall. Over the past 50 years (1961 
– 2012) the amount of rainfall has been substantially fluctuating in all districts. The annual trend has 
been for rainfall to decrease in Siaya and Embu, remain constant in Meru and increase in Bungoma 
with statistical significance (Figure 3).  
 

 
Figure 3: Average daily precipitation in study sites 1961 – 2012 (millimetre) 

Note: Imenti South is omitted due to lack of data. *** significant at 1% level 
Source: Kenya Meteorological Department 
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Situated closer to the Equator at a relatively lower altitude, the average temperature is higher in the 
western districts than in the eastern districts. Over the last few decades, meteorological data show 
statistically significant trends in changes in average daily temperature in all districts (Figure 4). While 

Embu, Bungoma and Meru have experienced an increase of 1C in average daily temperature, in 

Siaya the average daily temperature has fallen by 2C. These observed changes in patterns of 
precipitation and temperature put small-scale farm households in all districts under more pressure 
from production risks, as some crops and livestock are sensitive to certain temperature ranges. 
Maize, in particular, prefers moderately warm and wet environments. The crop is very sensitive to 
frost and waterlogging, but tolerates hot and dry atmospheric conditions as long as sufficient water 
is available (FAO 2013). 
 

 

Figure 4: Average daily temperature in study sites (C) 

Note: Imenti South is omitted due to lack of data.  
* significant at 10% level, ** significant at 5% level, *** significant at 1% level 
Source: Kenya Meteorological Department 
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Proportionate random sampling was used to ensure representation of the sample depending on the 
population of the study areas. In total, 28 divisions - 17 from western Kenya and 11 from Eastern 
Kenya - were selected. A total of 613 households were sampled for this survey with an equal 
distribution of 300 in each region, i.e. 150 households per district in the western and 100 households 
per district in the eastern region. Next, the number of villages to be surveyed was identified 
proportional to the total number of households in each of the divisions and the sampled villages 
were randomly selected from each division. Similarly, the number of households to be surveyed was 
identified proportional to the total number of households in each village, and the sampled 
households were randomly selected from each village.  
 
In both western and eastern regions, half of surveyed households were living in poverty with 
expenditure below 1 USD per capita per day (Table 2). The highest poverty rate was found in Siaya, 
followed by Meru, Embu, Imenti South and Bungoma. A similar observation was made in terms of 
relative poverty as measured by 1st tertile per capita expenditure. 70% of surveyed households in the 
western region compared to 30% in the eastern region identified themselves as food-insecure, with 
the highest proportion of food-insecure households found in Siaya. Almost 20% of households were 
female-headed in both regions, with the highest proportion of female-headed households found in 
Siaya and the lowest in Bungoma.  
 

Table 2: Descriptive characteristics of sampled households 

District 

Number of surveyed  Sampled households (%) 

Division
s 

Villages Households  
Poor 
(< 

US$ 1/day) 

Poor 
(1st 

Tertile) 

Food 
insecure 

Female-
headed 

Western 
region 

17 63 299  54.2 31.4 68.6 19.4 

Bungoma 10 20 150  49.3 27.3 66.7 12.7 

Siaya 7 43 149  59.1 35.6 70.5 26.2 
Eastern 
region 

11 114 314  54.5 35.0 29.0 19.4 

Embu 5 31 111  54.1 36.0 35.1 25.2 

Meru 3 39 102  56.9 35.3 20.6 14.7 
Imenti 

South 
3 44 101  52.5 33.7 30.7 17.8 

Total 28 177 613  54.3 33.3 48.3 19.4 
 

Following the proposed empirical model, household-level data on frequency and severity of climate 
shocks on farm production were collected with reference to the last 10 year period (2000 – 2010). 
Due to the scarcity of technical resources for constructing and maintaining a meteorological station 
in sub-locations, the smallest coverage unit measurement of statistical weather data is only feasible at 
district level. Hence meteorological district data on rainfall and temperature in the last year (2010) 
were used as location variables. Moreover, the decision as to whether or not a certain level of rainfall 
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and temperature should be classified as a production shock depends primarily on the initial 
condition of a particular household and its farm. This study therefore captures climate shock 
variables based on a farmer’s subjective assessment of frequency of the shock, and including the 
percentage reduction in food production and income due to that shock. To ensure common 
understanding of the shock variable, drought and excessive rainfall are defined as significant when 
there is an unexpected deviation in the amount and distribution of rainfall, relative to the normal 
level in the area, based on the subjective assessment of respondents. While drought refers to an 
event of rainfall shortage and/or erratic rainfall distribution such as late rain onset, early rain 
cessation or sporadic rainfall, excessive rainfall refers to an excessive amount of rain including 
flooding of farm land.  
 
With 2010 as the reference period, socioeconomic variables collected from household heads 
included age, gender and education level in school years. Other socioeconomic variables collected at 
household level were household size, expenditure, assets, off-farm income, access to credit, contact 
with extension, membership of any association, and distance to the main market from residence in 
kilometres. In addition, the variable for food insecurity was based on a household’s experience of 
occasional or frequent shortage of foods throughout 2010, taking into consideration all available 
food sources including own food production, purchased food, help from different sources, and food 
collected from forests, rivers and lakes. Data were also collected to reflect farm management 
practices based on the 2010 cropping year. These variables included farm size in hectares, 
proportion of flat land to total farm size, area of farm planted with improved maize varieties in 
hectares, total livestock units, and whether the household intercropped or rotated maize with 
legumes.  
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5. Results 

5.1 Climate shocks on farm production and adaptation strategies 
 
Between 2000 and 2010 drought was the most common climate shock on farm production suffered 
by the highest proportion of households, followed by crop pests and excessive rainfall (Figure 5). 
Drought, which on average occurred almost three times during the 10-year period, had the most 
severe effect on food-crop production (43.5%) and income reduction (29%), and was anticipated by 
almost 70% of households to be more important in the future due to climate change. Crop pests, 
which ranked second-highest in terms of frequency, had the second most-severe effect on 
households’ food-crop production and income. Common pests of maize in the area are cutworms, 
armyworms, maize leaf aphids, stem borers, stalk borers and large grain borers, while maize streak 
virus, head smut, crazy top and common rust are common maize diseases (ACDI/VOCA 2007). In 
addition, Maize Lethal Necrosis (MLN) has emerged as one of the most serious maize diseases since 
its first outbreak in Kenya in 2011 (CIMMYT 2013). Excessive rainfall, although being less frequent 
than drought and crop pests during the ten-year period, had a substantial adverse effect on food-
crop production and income.  
 

 

Figure 5: Climate shocks on farm production faced by all households during 2000 – 2010 (N = 613) 

 
During the 10-year period, poor households with per capita expenditure in the 1st tertile were 
affected by drought, crop pests and excessive rainfall once to twice less frequently than households 
in the upper tertiles (Table 3). The effect of drought in terms of food production and income 
reduction is more severe for food-secure households than for their food-insecure counterparts. 
Although crop pests reduced food production with comparable severity for both food-secure and 
food-insecure households, the effect of crop pests on income reduction is more severe for food-
insecure households. Adverse effect of crop pests on food production and income is also more 
pronounced for male-headed than for female-headed households. These results are contrary to what 
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might have been expected and should be treated with caution. One possible explanation may be 
related to the potential effect of having a large asset endowment and large-scale farm production, 
which makes the upper tertiles and food-secure households especially susceptible to climate shocks. 
 
Table 3: Climate shocks on farm production by poverty, food security and gender 

Shock type Poor 
Non-
poor 

t-test 
Food 

insecure 
Food 

secure 
t-test 

Female-
headed 

Male-
headed 

t-test 

Drought (N = 558)                   

  Frequency (2000 – 2010) 2.5 3.0 ** 2.8 2.9   2.5 2.9   

    (1.7) (2.6)   (2.3) (2.4)   (1.7) (2.5)   

  Food production reduction (%) 40.9 45.0   40.9 45.9 * 43.5 43.5   

    (28.8) (28.8)   (29.4) (28.2)   (28.4) (29.0)   

  HH income reduction (%) 31.4 27.9   26.1 31.6 ** 27.2 29.4   

    (25.1) (23.4)   (22.0) (25.6)   (21.8) (24.6)   

Crop pests (N = 360)                   

  Frequency (2000 – 2010) 3.2 4.6 *** 4.0 4.3   4.0 4.2   

    (3.1) (3.7)   (3.4) (3.7)   (3.4) (3.6)   

  Food production reduction (%) 29.9 30.1   29.3 30.6 * 28.1 30.5 ** 

    (22.3) (23.3)   (22.6) (23.2)   (22.5) (23.1)   

  HH income reduction (%) 20.7 17.6   20.1 17.4 * 17.3 18.8 * 

    (18.6) (15.7)   (17.7) (15.9)   (15.7) (16.9)   

Excessive rainfall (N = 219)                   

  Frequency (2000 – 2010) 1.9 2.6 * 2.4 2.2   2.1 2.4   

    (2.0) (2.4)   (2.3) (2.3)   (1.6) (2.4)   

  Food production reduction (%) 23.4 23.7   26.6 19.3   32.6 21.5   

    (20.6) (25.0)   (24.8) (21.5)   (29.3) (21.9)   

  HH income reduction (%) 17.4 14.0   16.7 12.6   20.1 13.9   

    (14.5) (16.1)   (16.4) (14.4)   (22.3) (13.7)   

Note: Standard deviation in parentheses. * P < 0.05; ** P < 0.01; *** P < 0.001         

 
 

Almost 90% of shock-affected households applied at least one adaptation strategy to cope with 
drought, excessive rain and crop pests. Most households reported to have adapted to drought (83%), 
followed by crop pests (78%) and excessive rainfall (73%). Once households decide to adapt to 
shocks, they make a decision which particular adaptation strategies to apply. To adapt to one type of 
shock, they may use only one strategy, or a combination of strategies simultaneously or sequentially. 
Although the sequencing of application cannot be observed in the dataset, survey results identified 
common adaptation strategies applied by all shock-affected households based on frequency of 
application (Table 4).  To adapt to drought, four dominant strategies were found, ranked by the 
frequency of application: farm adjustment, selling assets, reducing consumption, and borrowing. A 
slightly different set of four adaptation strategies were identified and ranked by frequency of 
application for crop pests: farm adjustment, seeking treatment, selling assets and borrowing. On the 
other hand, farm adjustment appears to be the only dominant strategy for adapting to excessive 
rainfall.  
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Table 4: Adaptation strategies to cope with drought, crop pests and excessive rainfall 

Shock type 
No. of adapted 

households 

Adaptation strategy (%) 

Farm 
adjustment Sell assets 

Reduce 
consumption Borrow 

Seek 
treatment 

Drought             
  All households 462 54 21 13 12   

  Poor 157 57 20 12 11   
  Non-poor 305 52 21 14 12   

  Food insecure 217 58 14 16 13   
  Food secure 245 50 27 11 11   

  Female-headed 96 56 16 12 16   
  Male-headed 366 53 22 14 11   

Crop pests             
  All households 280 45 18 1 10 26 

  Poor 87 53 20 1 10 16 
  Non-poor 193 42 17 2 9 30 

  Food insecure 110 43 15 2 18 23 
  Food secure 170 46 20 1 5 27 

  Female-headed 54 50 22 1 10 16 
  Male-headed 226 44 17 1 10 28 

Excessive rainfall             
  All households 163 74 9 6 10   

  Poor 52 76 9 3 12   
  Non-poor 111 74 10 8 9   

  Food insecure 92 72 6 6 15   
  Food secure 71 77 13 6 4   

  Female-headed 36 71 7 9 13   
  Male-headed 127 75 10 5 9   

 

To adapt to drought, the poor, food-insecure and female-headed households adjusted farming 
practices more often than the non-poor, food-secure and male-headed households. Food-secure 
households sold assets more than the food insecure, who reduced consumption and borrowed more 
often. While male-headed households preferred selling assets, female-headed households preferred 
borrowing. To adapt to crop pests, poor households adjusted farming practices and sold assets more 
than the non-poor, who preferred to seek treatment, while the food-insecure borrowed more often 
than the food-secure, who tended to adjust farming practices, sell assets and seek treatment. Female-
headed households adjusted farming practices and sold assets more than male-headed households, 
who preferred seeking treatment to recover from crop pests. To adapt to excessive rainfall, farm 
adjustment is undertaken more often by poor, food-secure and male-headed households than by 
non-poor, food-insecure and female-headed households.  
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5.2 Standard probit estimation: Explaining adaptation decision 
 
As the first stage of the adaptation decision, results from standard probit regression (step 1) show a 
number of factors influencing the decision to undertake at least one adaptation strategy to cope with 
drought, excessive rainfall and crop pests (Table 5). In this first stage, previous frequent experience 
of drought reduces the likelihood of adaptation to drought itself which is contrary to expectation. 
This may be due to the nature of drought which exposes farm land to lack of moisture and soil 
fertility degradation. In spite of possible attempts to adapt to drought, repetitive experiences with 
lack or unpredictability of rainfall resulting in repetitive crop failure and degrading soil fertility may 
increase the risk for farmers investing in any new adaptation measures. Similarly, previous 
experience with drought also reduces the likelihood of adaptation to excessive rainfall. On the other 
hand, previous frequent experience with crop pests significantly increases the probability of 
adaptation to all three types of shock as hypothesized. Although poverty and food security are not 
found to have a significant influence on adaptation decision for any shock, female-headed 
households are statistically 15% more inclined to adapt to excessive rainfall than male-headed 
households. Furthermore, the probability of adapting to drought increases with the number of 
associations or networks a household belong to. However, drought-affected households are less 
likely to adapt to drought if the household head has a high level of education, although the marginal 
effect is very small. The probability of adapting to drought also decreases with farm size (although 
with less than 3% marginal effect) and temperature, but increases by more than 10% with a 1% 
additional proportion of steep farm land. 
 
Similar to drought, the probability to adapt to crop pests decreases with farm size (almost 7% 
marginal effect) and increases by more than 10% with a 1% additional share of steep farm land. One 
additional hectare of farm area planted with an improved maize variety is also found to encourage 
adaptation to crop pests by 10%. Large household size and credit access, on the other hand, have a 
negative influence on adaptation to crop pests, while market distance, high rainfall variation and cold 
temperatures increase the likelihood of adapting to crop pests. As hypothesized, contact with 
extension increases the likelihood of adaption to excessive rainfall. In addition, the practice of 
maize-legume intercropping increases the probability of adaptation to excessive rainfall by almost 
30%.  
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5.3 Multivariate probit estimation: Choice of adaptation strategy 
 
In the second stage of the adaptation decision, frequent experiences of the present shock as well as 
other shocks, and socioeconomic, farm management and location factors show various direction 
and intensity of influences on the choice of particular adaptation strategies for each type of shock. 
With regard to complementarity between adaptation strategies for drought, the coefficient of error 
terms (rho) in multivariate probit regression show that among four common adaptation strategies, 
farm adjustment is found to be a substitution strategy for selling assets and borrowing, whereas 
consumption reduction is a substitution strategy for selling assets but  is complementary to 
borrowing (Table 6). Among shock variables, results show an unexpected significant negative 
relationship between experience of drought and consumption reduction as an adaptation strategy to 
drought. Furthermore, experience with crop pests is found to support consumption reduction while 
discouraging farm adjustment and borrowing. On the other hand, experience with excessive rainfall 
is found to support farm adjustment but discourage consumption reduction.      
 
As hypothesized, farm adjustment as the most frequently-used adaptation strategy for drought is 
supported by an incremental increase in wealth as measured by household assets, contact with 
extension (7.5%) and number of associations (5%), credit access (12%), proportion of steep plot 
(11%), and adoption of improved maize varieties (8%). High rainfall variation and temperature also 
increase the probability of farm adjustment for drought adaptation by 8.5% and 5.5% respectively. 
However, farm adjustment is less likely for households with a large farm and livestock holding. 
Households with a large proportion of flat farm land and no credit access are more inclined to sell 
assets, especially if they have a large livestock holding and live far away from market. Selling assets is 
also found to be negatively related to temperature. As expected, food-insecure households are 
almost 10% more likely to reduce consumption than food-secure households although, surprisingly, 
non-poor households are also more likely to do the same when compared to households in the 1st 
tertile. The probability of reducing consumption increases with household size, following the 
hypothesis that consumption per member in a large household would be reduced when facing a 
decline in food production and income.Share of flat plot also shows significant influence on 
consumption reduction and borrowing. Rainfall variation and temperature are found to have a 
negative influence on consumption reduction. Poor households with no credit access are almost 
10% more likely to borrow than the non-poor and those households who can access credit. In 
addition, households who do not intercrop maize with legumes are more likely to seek a loan than 
households who practice maize-legume intercropping.   
 
With respect to adaptation to crop pests, the coefficients of error terms in multivariate probit 
regression show that farm adjustment is a substitution strategy for selling assets and reducing 
consumption, while selling assets is a complementary strategy for borrowing but a substitution 
strategy for seeking treatment, which is in turn a substitution strategy for borrowing (Table 7). 
Experience with crop pests significantly reduces the likelihood of asset selling and treatment seeking. 
Frequent experience with drought, on the other hand, encourages farm adjustment as an adaptation 



 
 

23 
 

strategy for crop pests. The influence of previous experience with excessive rainfall varies across 
strategies for crop pests, i.e. it reduces the likelihood of selling assets and borrowing but it increases 
the probability of seeking treatment. 
 
As expected, farm adjustment to adapt to crop pests is more likely for households with older heads 
and more assets living in areas with big variation in rainfall and high temperatures, but this most 
common strategy is less likely for households with no credit access.  
 
A similar inverse influence is found for the variable for maize-legume intercropping. Selling assets to 
adapt to crop pests is almost 15% more likely for households with female heads than for those with 
male heads, especially if they have a large household, earn additional off-farm income, and practice 
maize-legume rotation in a low-temperature area. Furthermore, borrowing is 12% more favoured by 
food-insecure households than by food-secure households. Similar to selling assets, off-farm income 
is found to have a positive relationship with borrowing. Households with a large area of flat land 
and low rainfall variation are 11% and 24% more inclined to borrow than those with steep plots and 
a high rainfall variation, respectively. Seeking treatment for crop pests is more likely for small 
households and for farms that have already adopted an improved maize variety. Seeking treatment 
to eradicate crop pests is also more likely for households living in areas with small variation in 
rainfall and low temperatures. 
 
Poverty and food insecurity are shown to have a significant influence on implementing farm 
adjustment as the single dominant adaptation strategy for excessive rainfall (Table 8). Standard 
probit regression shows that the likelihood of farm adjustment is 7% higher for households in the 1st 
tertile than for households in the upper tertiles, and 6% higher for food-insecure households than 
for food-secure households. Age of household head, assets, off-farm income and membership of 
associations also significantly increase the probability of farm adjustment for adapting to excessive 
rainfall.  
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Table 8: Standard probit regression results for farm adjustment as a dominant adaptation 
strategy for excessive rainfall  

Probit regression - Excessive rainfall 
Farm adjustment 

Coef. Std.Err. 
Marginal 

Effect  
Shock frequency 2000 - 2010         
  Drought 0.169 0.15 0.010   
  Crop pests 0.028 0.05 0.002   
  Excessive rainfall 0.163 0.16 0.010   
Socioeconomic characteristics         
  Poor (1 = 1st expenditure tertile) 1.618 0.61 0.074 *** 
  Food insecure (1 = food shortage) -1.041 0.48 -0.061 ** 
  Female-headed (1 = yes) -0.374 0.48 -0.027   
  Education (years of schooling) -0.083 0.07 -0.005   
  Age (years) 0.038 0.02 0.002 ** 
  Household size (adult equivalents) -0.084 0.11 -0.005   
  Asset (1,000 Ksh) 0.000 0.00 0.000 * 
  Off-farm income (1,000 Ksh) 0.000 0.00 0.000 * 
  Extension contact (1 = yes) -0.453 0.37 -0.024   
  Association (number) 0.446 0.25 0.026 * 
  Credit access (1 = yes) -0.026 0.42 -0.002   
  Market distance (km) -0.007 0.05 0.000   
Farm management         
  Farm size (ha) -0.017 0.22 -0.001   
  Share of flat plot (%) 0.127 0.40 0.007   
  Area improved maize variety (ha) -0.361 0.35 -0.021   
  Livestock (TLU) 0.139 0.12 0.008   
  Maize-legume intercrop (1 = yes) -0.113 0.58 -0.006   
  Maize-legume rotation (1 = yes) 0.002 0.58 0.000   
Location         
  Rainfall (Coefficient of variation) 0.306 0.40 0.018   
  Temperature (°C) 0.177 0.14 0.010   
Constant -4.558 3.59     
  obs. P  0.8712       
  pred. P 0.9747       
  N = 163       
  LR chi2(37) = 43.86       
  Prob > chi2 = 0.0055       
  Pseudo R2 = 0.3502       
  Log likelihood = -40.69       
Note: 0 failures and 3 successes completely determined         
***, ** and * significant at 1%, 5% and 10% respectively.      
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6. Conclusions 
 
Adaptation to climate shocks is essential to building the resilience of small-scale farm households 
and to supporting sustainable intensification of agricultural production for food security of the poor. 
Over the 10-year period between 2000 and 2010, almost all of 613 surveyed maize-legume farm 
households in Western and Eastern Kenya reported drought as the most frequent and severe climate 
shock on farm production, followed by crop pests and excessive rainfall. Drought, which on average 
occurred almost three times during the 10-year period, had the most severe effect on food crop 
production and income when compared to crop pests and excessive rainfall. Based on farmers’ 
assessment, poor households with per capita expenditure in the lowest tertile were affected by 
drought, crop pests and excessive rainfall less frequently than households in the upper tertiles. With 
regard to food security, the effect of drought as measured in food production and income reduction 
is more severe for food-secure households than for their food-insecure counterparts, although the 
effect of crop pests on income is more severe for food-insecure households. Concerning gender, the 
adverse effect of crop pests on food production and income is found to be more severe for male-
headed than for female-headed households. These results are contrary to what might have been 
expected and should be treated with caution. One possible explanation may be related to the 
potential effect of having a large asset endowment and a large-scale farm production, which makes 
the upper tertiles and food-secure households especially susceptible to climate shocks. 
 
A farm household’s adaptation to climate shock follows a two-step decision-making process. As a 
response to the reduction in food production and income, a shock-affected household will first 
decide whether or not to undertake any adaptation action, before choosing a particular adaptation 
strategy from among the available options. Almost 90% of shock-affected farmers implemented at 
least one adaptation strategy, and most households reported having adapted to drought, with fewer 
reporting having adapted to crop pests and excessive rainfall. In the first step, probit regression 
results show the significant influence of previous frequent experience of drought on reducing the 
likelihood of adapting to drought itself and to excessive rainfall, while previous frequent experience 
of crop pests significantly increases the likelihood of adaptation to all three types of shock. Although 
poverty and food insecurity are not found to have a significant influence on the decision to adapt for 
any shock, female-headed households are statistically 15% more inclined to adapt to excessive 
rainfall than male-headed households. The role of information through extension and membership 
of associations is found to increase the probability of deciding to adapt to drought and excessive 
rainfall. Deciding to adapt to drought and crop pests is found to be more likely with an area of steep 
land on the farm, but less likely with increasing farm size. Current exposure to new technology is 
also found to influence the adaptation decision, as the adoption of improved maize varieties 
encourages adaptation to crop pests, and maize-legume intercropping encourages adaptation to 
excessive rainfall. However, education shows a negative influence on adaptation to drought, while 
household size and credit access show a negative influence on adaptation to crop pests. Distance to 
the main market and high rainfall variation show a significant positive effect on the probability to 
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adapt to crop pests. High temperature, on the other hand, tends to reduce the probability of 
adapting to drought and crop pests.  
 
In the second step, results from multivariate probit regression identify complementarity and 
substitutability between adaptation strategies. Among four common strategies for coping with 
drought, farm adjustment (e.g. use of improved seed varieties with early maturity and tolerance to 
stress, replanting, use of external inputs, conservation agricultural practices, and crop diversification) 
is found to be a substitution strategy for selling assets and borrowing. Reducing consumption is 
found to be a substitution strategy for selling assets, but to be complementary to borrowing for 
adapting to drought. To adapt to crop pests, results show farm adjustment to be a substitution 
strategy for selling assets and reducing consumption. However, selling assets is a complementary 
strategy for borrowing, but is a substitution strategy for seeking treatment, which in turn, is a 
substitution strategy for borrowing. On the other hand, farm adjustment appears to be the single 
dominant strategy for adapting to excessive rainfall. Regression results from all three types of shock 
further highlight the reinforcing influence between different types of shocks for households that 
experienced not only one type of shock several times, but also multiple types of shock during the 
same period. The impact of a current shock may be aggravated by the impact of other shocks 
previously experienced. As shown from adaptation to drought, for example, frequent experience of 
crop pests is found to support reducing consumption while discouraging farm adjustment and 
borrowing, while frequent experience of excessive rainfall is found to support farm adjustment but 
discourage consumption reduction. Frequent experience of drought, on the other hand, encourages 
farm adjustment as a coping strategy for crop pests, while frequent experience of excessive rainfall 
reduces the likelihood of selling assets and borrowing, but increases the probability of seeking 
treatment to adapt to crop pests. 
     
The sampled households in the poorest tertile are less likely to reduce consumption and to borrow 
as adaption strategies for drought, but they are more likely to adjust farm management to cope with 
excessive rainfall. Facing food and income reduction due to shocks, food-insecure households are 
more inclined to eat less to adapt to drought, and they are more inclined to borrow to cope with 
crop pests, but they are less likely to adjust farm management to adapt to excessive rainfall. 
Although there is no significant influence of gender on choice of adaptation strategy for drought 
and excessive rainfall, female-headed households are found to be 15% more likely to sell assets than 
male-headed households to adapt to crop pests. Other socioeconomic variables, particularly 
household size, asset ownership, off-farm income, membership of associations, contact with 
extension, and credit access, have diverse influences on the choice of adaptation strategies In terms 
of farm management variables, a small farm size encourages farm adjustment for adapting to 
drought, and seeking treatment for coping with crop pests. Having a large area of steep land on the 
plot is found to support adjustment in farm management to adapt to drought, but selling assets, 
reducing consumption and borrowing are more favoured by households with a large proportion of 
flat land. Exposure to improved maize varieties and having a small livestock holding further support 
farm adjustment for drought adaptation, while households with a large livestock holding are more 
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likely to sell the animals to adapt to drought. Households living in an area with big variation in 
rainfall variation and high temperatures are more likely to adjust farm management as an adaptation 
strategy for drought. On the other hand, households living in cooler areas are more likely to sell 
assets in order to adapt to drought and crop pests, whereas seeking treatment to eradicate crop pests 
is more likely for farm households in dry and cold areas.  
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7. Policy implications 
 
Understanding that rural maize-legume farmers are frequently faced with climate shocks on farm 
production, and how they make decisions to adapt to these, are the first step in formulating policies 
directed at providing effective assistance. This study highlights the significant interdependency of 
shock types, and the reinforcing influence of frequency of other shock types on adapting for and 
choosing a strategy for a particular shock in both stages of adaptation decision-making. Therefore an 
effective policy to support adaptation should not promote adapting for any particular shock in 
isolation, but should incorporate the context and composite implication of other shocks. Climate 
change adaptation research and policy discussion should also recognize that a certain adaptation 
strategy can be applied for different types of shocks. For example, adjustment of farm technology 
and practices can be promoted for drought, crop pests and excessive rainfall. However, as farmers 
may choose to apply multiple adaptation strategies, it is important to take into account the 
complementarity and substitutability between different types of adaptation strategies. Moreover, 
assistance should target households belonging to the lower expenditure group who experience food 
shortages, and those led by female heads who are often disadvantaged in terms of asset endowment 
and access to technology and information necessary for adaptation.  
  
For rural farm households, each available adaptation strategy for coping with climate shocks requires 
different preconditions and imposes different consequences. Adjusting farm technology and 
practices requires farmers to acquire information and capital in order to invest in improved seeds, 
inputs, implements and labour. Compared to other strategies, farm adjustment is considered long-
term, as it requires a complete planting cycle before the yield can be harvested. In contrast, selling 
assets is considered short-term but unsustainable, as it directly depletes a household’s accumulation 
of assets, and reduces a household’s ability to adapt in the future. It also requires favourable market 
access and conditions, which remain a challenge for many rural households in remote areas.  
 
Borrowing implies committing assets or future earnings for loan eligibility. This strategy is feasible 
for households who have a large asset ownership, high social status and access to credit channels. 
Alternatively, households may change their usual diet and search for substitutes which are cheaper 
and easier to find, but may not satisfy their preferences and nutritional requirements. This strategy is 
considered the most drastic, and has a substantial chronic effect on the functionality and growth of 
all household members, and especially of women and children. For households with few or no assets 
to invest in new farm technology and practices, the only viable options for coping with decreased 
food-crop production and lower income are borrowing, selling assets and eating fewer or less 
nutritious meals per day. 
  
To prevent consumption reduction, public programs can be set up to enhance the adaptive capacity 
of the poor and the food-insecure in drought-prone areas by giving support for on-farm technology 
and providing training,  provision of farm inputs, and access to credit. To cushion consumption 
reduction caused by drought, food aid can be arranged targeting especially the poor and the food-
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insecure. Seeking treatment to eradicate crop pests requires access to services and accurate 
information, while taking into account the potential consequences for neighbouring areas as well as 
for the ecology and environment. It is important that households receive correct diagnoses and 
recommendations for their particular farm, and extension service should target female-headed 
households to discourage them from selling off productive assets and livestock.  
 
This paper provides a first step in demonstrating the current relevance of climate shocks faced by 
rural maize-legume farming households in Kenya, and in showing possible adaptation options, 
especially for poor, food-insecure and female-headed households. This study focuses on farm 
household decision-making, and regards finance, insurance, labour and output markets as outside its 
scope. With the available cross-sectional dataset, it is not possible to observe long-term climate 
change adaptation behaviour or to differentiate clearly between ex-ante as opposed to ex-post 
adaptation for a shock incident. Consequently, additional research with panel data is needed to 
evaluate the effectiveness of each adaptation strategy on a household’s income and food security 
over time. In particular, a more detailed analysis should examine a wide range of options for 
implementing farm adjustment of technology and management practices as an adaptation strategy, in 
order to identify factors affecting decision-making, and to assess the effectiveness of possible 
strategy combinations for rural maize-legume farm households.  



 
 

32 
 

References 
 
ACDI/VOCA (2007). Kenya Maize Handbook. ACDI/VOCA – Kenya Training Manual No. 27 
Adger, W.N., Arnell, N.W. and Tompkins, E.L. (2005). Successful adaptation to climate change across scales. Global 

Environmental Change 15: 77-86.  
Asfaw, A. and Admassie, A. (2004). The role of household member’s education on the adoption of agricultural inputs under 

different environments in Ethiopia. Agricultural Economics 30(3): 215-228. 
Bebber, D.P., Ramotowski, M.A.T. and Gurr, S.J. (2013). Crop pests and pathogens move polewards in a warming world. 

Nature Climate Change 3: 985-988. 
Cappellari, L. and Jenkins, S.P. (2003). Multivariate probit regression using simulated maximum likelihood. The Stata Journal 

3(3): 278-294. 
Cavatassi, R., Lipper, L. and Narloch, U. (2011). Modern variety adoption and risk management in drought prone areas: 

insights from the sorghum farmers of eastern Ethiopia. Agricultural Economics 42: 279-292. 
CIMMYT (2013). Maize lethal necrosis (MLN) disease in Kenya and Tanzania: Facts and actions. 

http://www.cimmyt.org/en/where-we-work/africa/item/maize-lethal-necrosis-mln-disease-in-kenya-and-tanzania-
facts-and-actions (accessed on 31st May 2013) 

Claessens, L., Antle, J.M., Stoorvogel, J.J., Valdivia, R.O., Thornton, P.K. and Herrero, M. (2012). A method for evaluating 
climate change adaptation strategies for small-scale farmers using survey, experimental and modeled data. Agricultural 
Systems 111: 85-95. 

Cooper, P.J.M., Dimes, J., Rao, K., Shapiro, B. and Twomlow, S. (2008). Coping better with current climatic variability in the 
rain-fed farming systems of Sub-Saharan Africa: An essential first step in adapting to future climate change? 
Agriculture, Ecosystem and Environment 126: 24-35. 

Cutter, S.L., B.J. Boruff and Shirley W.L. (2003). Social vulnerability to environmental hazards. Social Science Quarterly 84: 242-
261. 

Dercon, S. (1998). Wealth, risk and activity choice: Cattle in Western Tanzania. Journal of Development Economics 55(1): 1-42.  
Dercon S. (2007). Fate and fear: Risk and its consequences in Africa. Oxford: Oxford University. Paper prepared for the 

African Economic Research Consortium. 
Deressa, T.T., Hassan, R.M., Alemu, T., Yesuf, M. and Ringler, C. (2009). Analyzing the determinants of farmers’ choice of 

adaptation methods and perceptions of climate change in the Nile Basin of Ethiopia. IFPRI Discussion Paper 798. 
Washington, DC., 36 pp. 

Di Falco, S. and Veronesi, M. (2012). How African agriculture can adapt to climate change? A counterfactual analysis from 
Ethiopia. Department of Economics, University of Verona. Working Paper Series 14.  

Fankhauser, S., Smith, J., and Tol, R. (1999). Weathering climate change: Some simple rules to guide adaptation decisions. 
Ecological Economics 30: 67-78. 

FAO (2013). Crop water information: Maize. Water Development and Management Unit. 
http://www.fao.org/nr/water/cropinfo_maize.html (accessed on 24th April 2013) 

FAO (2011). The State of Food and Agriculture 2010-2011. Women in Agriculture, Closing the gender gap for development. 
FAO Rome 

Geweke, J., Keane, M., and Runkle, D. (1997). Statistical inference in the multinomial multiperiod probit model. Journal of 
Econometrics 80:125-165. 

Glewwe, P. and Gillette, H. (1998). Are some groups more vulnerable to macroeconomic shocks than others? Hypothesis tests 
based on panel data from Peru. Journal of Development Economics 56(1): 181-206. 

G.O.K (2005a). Government of Kenya - Siaya District Strategic Plan 2005-2010 for Implementation of the National 
Population Policy for Sustainable Development.  

G.O.K (2005b). Government of Kenya - Bungoma District Strategic Plan 2005-2010 for Implementation of the National 
Population Policy for Sustainable Development  

G.O.K (2007). Government of Kenya - District Environmental Action Plan 2006-2011 Meru South District. 



 
 

33 
 

G.O.K (2009). Government of Kenya - Embu District Environmental Action Plan 2009-2013. Republic of Kenya, Ministry of 
Environment and mineral resources. 

Greene, W. H. (2011). Econometric Analysis. New Jersey: Prentice Hall, 7th Ed. 
Hajivassiliou, V., McFadden, D. and Ruud, P. (1996). Simulation of multivariate normal rectangle probabilities and their 

derivatives: Theoretical and computational results. Journal of Econometrics 72: 85-134. 
Hardaker, J.B., Huirne, R.B.M. and Anderson, J.R. (1997). Coping with Risk in Agriculture. CAB International, Wallingford Oxon, 

UK. 
Igoden, C., Ohoji, P. and Ekpare, J. (1990). Factors associated with the adoption of recommended practices for maize 

production in the Lake Basin of Nigeria. Agricultural Administration and Extension 29 (2): 149-156. 
IPCC (2007). Climate Change 2007: Synthesis report.  
Jalan, J. and Ravallion, M. (1999). Are the poor less well insured? Evidence on vulnerability to income risk in rural China. 

Journal of Development Economics 58(1): 61-81. 
KIHBS (2006). District Poverty Data Kenya Integrated Household Budget Survey (2005/2006) 
Kirimi, L., Sitko, N., Jayne, T.S., Karin, F., Milu, M., Sheahan, M., Flock, J. and Bor, G. (2011). A farm gate-to-consumer value 

chain analysis of Kenya’s maize marketing system. Tegemeo Institute of Agricultural Policy and Development 
Working Paper No. 44. 

Kochar, A. (1999). Smoothing consumption by smoothing income: Hours-of-work responses to idiosyncratic agricultural 
shocks in rural India. The Review of Economics and Statistics 81(1): 50-61. 

KNBS (2013). Kenya National Bureau of Statistics 
Kristjanson, P., Neufeldt, H., Gassner, A., Mango, J., Kyazze, F.B., Desta, S., Sayula, G., Thiede, B., Förch, W., Thornton, P.K. 

and Coe, R. (2012). Are food insecure smallholder households making changes in their farming practices? Evidence 
from East Africa. Food Security 4(3): 318-397 

Lin, J. (1991). Education and innovation adoption in agriculture: Evidence from hybrid rice in China. American Journal of 
Agricultural Economics 73 (3): 713-723 

MacFadden, D. (1981). Econometric Models of Probabilistic Choice. In Manski, C. and McFadden, D. (eds), Structural Analysis 
of Discrete Data with Econometric Applications. Cambridge, MA: MIT Press, 198-272. 

Maddison, D. (2007). The perception of and adaptation to climate change in Africa. World Bank Policy Research Working 
Paper 4308. The World Bank, Washington, DC. 

Mendelsohn, R. (2012). The economics of adaptation to climate change in developing countries. Climate Change Economics, 
3:125006: 1-21. 

Mercer, K.L., Perales, H.R., Wainwright, J.D. (2012). Climate change and the transgenic adaptation strategy: Smallholder 
livelihoods, climate justice, and maize landraces in Mexico. Global Environmental Change 22: 495-504  

M.O.A (2006). Ministry of Agriculture- Farm management handbook of Kenya (Volume 2). Natural conditions and farm 
Management information 2nd Edition. 

Nhemachena, C. and Hassan, R. (2007). Micro-level analysis of farmers’ adaptation to climate in Southern Africa. IFPRI 
Discussion Paper 714. Washington, D.C., 30 pp. 

Newhouse, D.L. (2005). The persistence of income shocks: Evidence from rural Indonesia. Review of Development Economics 9(3): 
415-433. 

Norris, E. and Batie, S. (1987). Virginia farmers’ soil conservation decisions: an application of Tobit analysis. Southern Journal of 
Agricultural Economics 19(1): 89–97. 

Nyoro J, Ayieko M and Muyanga M. (2007). The Compatibility of Trade Policy with Domestic Policy Interventions Affecting 
the Grains Sector in Kenya. Tegemeo Institute, Egerton University. 

Osbahr, H., Twyman, C., Adger, N. and Thomas, D.S.G. (2008). Effective livelihood adaptation to climate change disturbance: 
Scale dimensions of practice in Mozambique. Geoforum 39: 1951-1964. 

Pingali, P.L. (ed.) (2001). CIMMYT 1999–2000 World Maize Facts and Trends. Meeting World Maize Needs: Technological Opportunities 
and Priorities for the Public Sector. Mexico: CIMMYT 



 
 

34 
 

Rashid, D.A., Langworthy, M. and Aradhyula, S. (2006). Livelihood shocks and coping strategies: An empirical study of 
Bangladesh households. Paper prepared for presentation at the American Agricultural Economics Association Annual 
Meeting, Long Beach, California, 23-26 July, 2006 

Roncoli, C., Ingram, K. and Kirshen, P. (2001). The costs and risks of coping with drought: Livelihood impacts and farmer’s 
responses in Burkina Faso. Climate Research. 19: 119-132. 

Rosenzweig, C., Iglesius, A., Yang, X. B., Epstein, P.R. and Chivian, E. (2001). Climate change and extreme weather events - 
Implications for food production, plant diseases, and pests. NASA Publications. Paper 24. 

Silvestri, S., Bryan, E., Ringler, C., Herrero, M. and Okoba, B. (2012). Climate change perception and adaptation of agro-
pastoral communities in Kenya. Regional Environmental Change 12(4): 791-802. 

Smit B., and M.W. Skinner. (2002). Adaptations options in agriculture to climate change: A typology. Mitigation and Adaptation 
Strategies for Global Change 7(1): 85-114. 

Smith, J. and Lenhart, S. (1996). Climate change adaptation policy options. Climate Research 6: 193-201. 
Smithers, J. and Smit, B. (1997). Human adaptation to climate variability and change. Global Environmental Change 7(3): 129-146.  
Stern, N. (2007). The Economics of Climate Change: The Stern Review. Cambridge University Press. 
Tadesse, M., and Brans, M. (2012). Risk coping mechanisms and factors affecting demand for micro-insurance in Ethiopia. 

Journal of Economics & International Finance 4(4): 79-91. 
Takasaki, Y., Barham B.L. and Coomes O.T. (2002). Risk coping strategies in tropical forests: Flood, health, asset poverty, and 

natural resource extraction. Paper prepared for the 2nd World Congress of Environmental and Resource Economists, 
23-27 June 2002, Monterey, California.  

Thompson, H.E., Berrang-Ford, L. and Ford, J.D. (2010). Climate change and food security in Sub-Saharan Africa: A 
systematic literature review. Sustainability 2: 2719-2733. 

Thornton, P.K., Jones, P.G., Owiyo, T., Kruska, R.L., Herrero, M., Orindi, V., Bhadwal, S., Kristjanson, P., Notenbaert, A., 
Bekele, N. and Omolo, A. (2008). Climate change and poverty in Africa: Mapping hotspots of vulnerability. African 
Journal of Agricultural and Resource Economics 2(1): 24-44. 

Tol, R., Fankhauser, S., and Smith, J. (1998). The scope for adaptation to climate change: What can we learn from the impact 
literature? Global Environmental Change 8: 109-123. 

Tongruksawattana, S., Junge, V., Waibel, H., Revilla Diez, J. and Schmidt, E. (2013). Ex-post coping strategies of  rural 
households in Thailand and Vietnam. In Klasen, S. and Waibel, H. (eds), Vulnerability to Poverty: Theory, Measurement, and 
Determinants. Palgrave, 216-257.   

UNFCCC (2007). Uniting on Climate. A Guide to the Climate Change Convention and the Kyoto Protocol.  
USAID KMDP (2011). USAID Kenya Maize Development Program. 
Waibel, H., Tongruksawattana, S. and Voelker, M. (2013). Voices of the poor on climate change in Thailand and Vietnam. In 

Ananta, A., Bauer, A. and Thant, M. (eds), The Environments of the Poor in Southeast Asia, East Asia and the Pacific. Asian 
Development Bank. ISEAS, 170-186. 

WEMA (2012). Water Efficient Maize for Africa.  Reducing Maize Insecurity in Kenya: the WEMA project Policy Brief. 
Wooldridge, J. (2010) Econometric Analysis of Cross Section and Panel Data. The MIT Press: 2nd Ed. 
World Bank (2010). World Development Report 2010: Development and Climate Change. Oxford University Press: 

Washington D.C. 2010. 
World Development Indicators (2012). The World Bank.  
Yohe, G. and Tol, R.S.J. (2002). Indicators for social and economic coping capacity – Moving toward a working definition of 

adaptive capacity. Global Environmental Change 12(1): 25-40. 
Young, G., Valdez, E.A. and Kohn, R. (2009). Multivariate probit models for conditional claim-types. Insurance: Mathematics and 

Economics 44(2): 214-228. 
Ziervogel, G., Cartwright, A., Tas, A., Adejuwon, J., Zermoglio, F., Shale, M., Smith, B. (2008). Climate change and adaptation 

in African agriculture. Report prepared for the Rockefeller Foundation by the Stockholm Environment Institute.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




