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ABSTRACT

Kenya’s agricultural sector contributes significantly to the economy which directly contributes
26 percent of the annual Gross Domestic Product (GDP) and another 25 percent indirectly. The
sector accounts for 65 percent of Kenya’s total exports and provides over 70 percent of informal
employment in the rural areas. As such any climatic changes would impact greatly on the
country’s agricultural sector a concern for everyone in the country. Therefore, this study aimed at
investigating the determinants of small holder maize farmers’ adaptation strategies to climate
change in Bahati Sub-County, Nakuru County. This study was guided by the following
objectives; to establish the extent to which labour supply determine small holder Maize farmers
adaptation strategies to climate change in Bahati Sub-County, Nakuru County, to assess the
extent to which agricultural extension service determine small holder Maize farmers adaptation
strategies to climate change in Bahati Sub-County, Nakuru County, to examine the extent to
which socio-economic determine small holder Maize farmers adaptation strategies to climate
change in Bahati Sub-County, Nakuru County. Descriptive survey design was used for the study
with the target population being the farmers in Bahati Sub-County, Nakuru County. The sample
was made up of 225 respondents. Primary as well as secondary data sources were used for the
study and analyzed using descriptive statistics. Data was collected using questionnaires as the
main study instruments. The analysis of the data was done using the Statistical Package for
Social Scientists (SPSS) version 21. Data was presented in form of tables. Descriptive statistics
were presented in form of frequencies, percentages, means and standard deviations. Inferential
statistics were in form of pearson correlation coefficient to show the relationship between the
independent and the dependent variable. the study found out that labour supply and financial
capabilities do not have significant relationship with adaptation to climatic change. Agricultural
extension services were found to have a weak negative significant relationship with adaptation to
climatic change. The researcher concluded that agricultural extension services negatively
influenced adaptation to climatic change. It was recommended that the government should
organize seminars to train farmers on new ways of farming for them to be able to adapt to
climatic changes and that farmers should embrace irrigation methods in their maize farming to
ensure production through out the year.

xi



CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

This study investigates the determinants of small holder Maize farmer’s adaptation strategies to
climate change in Bahati Sub-County, Nakuru County. Adaptation is an important way in which
farmers respond to climate change (Adger et al., 2003; Bradshawn et al. , 2004; Barbier et al. ,
2008). The way in which affected farmers will adapt determines the scale of climate change
impacts and hence their farming production and livelihoods. Knowledge of adaptation measures
and factors affecting farmer households’ portfolio of adaptation is important for policy makers’
ability to facilitate relevant conditions for households’ adaptation. Previous research on
determinants of households’ adaptation behavior has mainly focused on perceptions of impacts
of climate change (Blennow and Persson, 2009), incentives and the ability to adapt (Hoffmann et
al., 2009), and environmental factors (Seo and Mendelsohn, 2008).Climate change has been
defined by the Intergovernmental Panel on Climate Change, IPCC (2007) as any change in
climate over time which arises as a result of both human activity and natural variability. Climate
change impacts are already felt by many people and ecosystems in many parts of the world and
have the potential to cripple the drive for sustainable growth and development (World Bank,
2008). The evidence of climate change includes increased temperatures, reduced precipitation,
frequent droughts and scarcity of water (Adger et al., 2003; IPCC, 2007). The climate is
projected to change in the coming decades at unprecedented rates with its attendant adverse

consequences.



According to IPCC (2007), Africa is expected to experience the highest levels of warming with
some countries, Kenya inclusive, also experiencing decline in rainfall. Climate change introduces
numerous uncertainties over the livelihoods of farming communities that depend heavily on the
weather and climate (Al-Hassan and Poulton, 2009; Athula and Scarborough, 2011). It impacts
on land use and livestock management by altering crop, forage and livestock growth and yield
(Mu and McCarl, 2011). Climate change negatively affects the basic elements of food production
such as soil, water and biodiversity (FAO, 2009). Smallholder farmers have therefore been
modifying their practices to better adapt to the changing climate. The FAO (2009) however
opines that traditional coping mechanisms are not sufficient for dealing with medium to long-
term impacts of climate change. Hence, innovative or modern strategies are expected to play a

critical role in the mitigation of, and adaptation to climate change (11SD, 2005).

Kenya’s agricultural sector contributes significantly to the economy which directly contributes
26 percent of the annual Gross Domestic Product (GDP) and another 25 percent indirectly. The
sector accounts for 65 percent of Kenya’s total exports and provides over 70 percent of informal
employment in the rural areas. Therefore, the agricultural sector is not only the driver of Kenya’s
economy but also the means of livelihood for the majority of Kenyan people (Government of
Kenya GoK, 2010). Kenya’s agriculture is mainly rain fed and is entirely dependent on the
bimodal rainfall in most of the country. The performance of rain fed agriculture varies due to the
diverse agro-climatic zones. However, there is a relatively high risk of crop failure due to
increased frequency of dry spells and an uneven rainfall distribution (GoK, 2010).The
agricultural sector is dominated by primary production of a few commodities namely: cereals

(Mixed Farming, wheat and rice), traditional food crops (pulses, roots and tubers, millet and



sorghum), industrial crops (sugar cane, pyrethrum, cotton, tobacco and sisal), export crops (tea,
coffee and horticulture) and livestock (milk, meat and eggs) (Kang’ethe, 2004.

Maize is Kenya’s most important staple food grown in almost all agro ecological zones and on
two out of every three farms (Table 1.1). It accounts for about 40 percent of daily calories and
has per capita consumption of 98 kilograms (Betty, 2005). About 90 % of the Kenyan population
depends on the crop directly or indirectly in terms of food, employment and income. Maize is a
food security crop in the country as well as a commercial enterprise in Rift Valley and some
parts of Central, Western and Eastern provinces. In 2011, the area under Maize production was
2,131,887 Ha; realized yields were 37.5 million bags of dry Maize and 4.6 million bags of green

Mixed Farming. Total Maize crop was worth 87.8 billion (Multi-Disciplinary Team, 2012).

Table 1.1 Kenya’s Maize Production per Province in 2011

Province Area (Ha) | Dry Maize Green Maize yield Total Production(90
Yield(90 kg) | (90 kg) kg)

Central 182,248 1,708,726 970,322 2,679,048

Rift valley 650,270 19,196,203 1,775,132 20,971,334

Eastern 540,854 3,457,007 894,377 4,643,134

Western 255,511 5,795,028 405990 6,201,018

Nyanza 319,483 5,864,990 308,684 6,173,674

Coast 179,499 1,482,225 303,442 1,785,660

North Eastern 3,130 8,995 Nil 8,995

Total 2,131,887 | 35,520,694 4,662,960 42,183,654

Source: Multi Disciplinary Team, 2012




The economic performance of the agricultural sector is usually uncertain due to its biological
nature in addition to relying mainly on rain fed agriculture and livestock rearing under natural
conditions. This type of production is inherently risky because of variability of rainfall, animal
mortality due to livestock diseases and fluctuations in output prices. The environment in most of
low income countries is characterized by crop diseases, flooding, illness of household members
and crime, often creating uncertainty (Capitanio, 2008).Being a climate sensitive sector,
Agriculture is potentially affected by climate change, both positively and negatively. Given
much of Kenyan agriculture is currently rain-fed; there are potentially wide ranging effects from
the potential changes in precipitation. Moreover, there are a number of complex interactions with
other factors, e.g. extreme events (heat, floods, and droughts), soil, pests and diseases, and
complex interactions with other key sectors, e.g. water availability for irrigation (SEI, 2009).
These conditions put the farming households at a greater level of uncertainty in terms of
expected outputs. Recent trends have shown a declining trend in Maize yields in the past few
years since 2006 with the worst being 2009 (Figure 1) (Owuor, 2010).Farmers and stakeholders
are increasingly blaming climatic variability and climate change to these dwindling yields as the
population is becoming more aware of the shocks realized in production. Policy makers should
think of strategies to contain this situation as population keeps increasing in proportionately with

production figures which will eventually cause direct food insecurity.

People observe that rainfall is unpredictable, water resources have changed, perennial rivers have
become seasonal and boreholes are dried up or saline. Rain does not come enough and when it
does it is in torrents (Vermuelen et al. 2008). Changes in weather patterns have induced a shift
from wheat and potatoes to shorter cycle crops, such as Maize and beans, sweet potatoes and

vegetables, and cattle (Walubengo 2007). Fodder is no longer grown, and cattle keepers must



now take their herds to remote pastures which also heightens the risk of conflict. Farmers no
longer plant live hedges, due to their slow growth, but do plant trees in the hope that they will
attract rain. According to the Kenya Red Cross (Aug 7, 2009, Drought Operation Update) the
Sub County was hit hard by the recent drought, which led to high numbers of children dropping

out of primary school because of the famine.

1.2 Statement of the Problem

According to IPCC (2007), Africa is expected to experience the highest levels of warming with
some countries, Kenya inclusive, also experiencing decline in rainfall. Climate change introduces
numerous uncertainties over the livelihoods of farming communities that depend heavily on the
weather and climate (Al-Hassan & Poulton, 2009; Athula & Scarborough, 2011). It impacts on
land use and livestock management by altering crop, forage and livestock growth and yield (Mu
& McCarl, 2011). Climate change negatively affects the basic elements of food production such
as soil, water and biodiversity (FAO, 2009). Smallholder farmers have therefore been modifying
their practices to better adapt to the changing climate. The FAO (2009) however opines that
traditional coping mechanisms are not sufficient for dealing with medium to long-term impacts
of climate change. Hence, innovative or modern strategies are expected to play a critical role in

the mitigation of, and adaptation to climate change (11SD, 2005).

In Kenya, the main participants in agriculture are small holder farmers owning small tracks of
lands. Ensuring food security and nutrition has been a key element in Kenya’s agricultural
policies and strategies. The small holder farmers are key contributors to food security and as
such their adaptation to climatic change is key in enhancing food security. Adaptation helps
farmers achieve their food, income and livelihood, security objectives in the face of changing

climatic and socio-economic variability, extreme weather conditions such as droughts and
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floods. Adaptation to climatic changes by farmers is pegged on many factors. The study focused
on effects of labour supply, agricultural extension services, and financial capabilities on
adaptation to climatic changes. Most of the farmers in Bahati sub-county are small holder
farmers largely depending on maize farming as their main supply of food. Over the years, there
has been notable change in the weather patterns that might have had significant influence on the
maize farming in this area. As such it is important to establish the coping ability of this farmers
to this climatic changes in their endeavor to maintain food security. Little or no research has
been done on the determinants of adaptation to climatic changes in Kenya and more so in Bahati
sub-county. Therefore the study aimed at establishing the determinants of small holder maize

farmers’ adaptation to climatic changes in Bahati sub-county.

1.3 Purpose of the study

The purpose of this study was to investigate the determinants of small holder Maize farmer’s

adaptation strategies to climate change in Bahati Sub-County, Nakuru County.

1.3.1 Objectives of the Study
To establish the extent to which labour supply determine small holder Maize farmers’
adaptation strategies to climate change in Bahati Sub-County, Nakuru County.
To assess the extent to which availability of agricultural extension service determines small
holder Maize farmers’ adaptation strategies to climate change in Bahati Sub-County, Nakuru
County.
To examine the extent to which financial capability determine small holder Maize farmers

adaptation strategies to climate change in Bahati Sub-County, Nakuru County.



1.4 Research Questions

I.To what extent does labour supply determine small holder Maize farmers’ adaptation
strategies to climate change in Bahati Sub-County, Nakuru County?
1.To what extent does availability of agricultural extension service determines small holder
Maize farmers’ adaptation strategies to climate change in Bahati Sub-County, Nakuru
County?
iii.To what extent does financial capability determine small holder Maize farmers’ adaptation

strategies to climate change in Bahati Sub-County, Nakuru County?

1.5 Significance of the Study

The climate is changing and mitigation efforts to reduce the sources or enhance the sinks of
greenhouse gases will take time. Adaptation is therefore critical and of concern in developing
countries, particularly in Africa where vulnerability is high because ability to adapt is low. The
findings of this study will help inform the farmers on the best adaptation strategies to ensure that
they achieve their food, income and livelihood security objectives. Secondly the study will help
in bringing to the attention of the policy makers on the challenges experienced by Farmers in
their efforts to adapt to climatic change. The findings will further help in informing the
agricultural extension officers on the need for their services by the farmers in this area. Finally
the results of the study will to the existing body of knowledge and form the basis for future

research by those who will be interested in this area of research.



1.6 Scope of the study

The study was confined to Bahati Sub-County, Nakuru County where Maize farming is the main
economic activity. The area was chosen due to existence of many small holder farmers who
mainly rely on maize farming to supplement for their food. The study investigated the effect of
labour supply, agricultural extension services and financial capacity of farmers on the adaptation

to climatic changes. The study was carried out between the month of March and July.

1.7 Limitation of the study

Bahati Sub-County, Nakuru County being a cosmopolitan county with the majority of Kalenjin
and kikuyu tribes, language barrier was experienced due different spoken languages by different
tribes as most farmers are aged farmers who dd not understand English and Kiswahili well. This
was countered by using the field assistants who understood the local language for easy
interpretation. The outright refusal by some households to respond to questions was also
experienced and this was countered by use of experienced field assistants who are mainly locals
and who were conversant with the house hold behaviors. The problem of time management also
came up as many heads of households were working class hence finding them during day time

was rather difficulty hence call backs were witnessed.

1.8 Assumptions of the study

The study assumed that the sample size chosen perfectly represented the small holder Maize
farmers in Bahati Sub-County, Nakuru County who were the target population and that the

respondents gave the right information for the study.



1.9 Definitions of Significant Terms used in the Study

Agriculture Extension Service: The application of scientific research and new knowledge to
agriculture practices through farmer education.

Climate change: Any change in climate over time which arises as a result of both human
activity and natural variability.

Coping strategies: This concept means the methods used by households to survive when
confronted with unanticipated livelihood failure (source). In this the methods
adopted by small holders

Strategies: Is a high level plan to achieve one or more goals on the condition of uncertainty.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Increase in the price of Maize from time to time has often impacted adversely on the poor who
divert meagre household incomes to Mixed Farming. In 2009, Maize prices were 100 to 130
percent higher than normal levels (USAID, 2009). This has been associated with a number of
causes including lack of productivity enhancing Impacts of drought on food technologies, high
incidence of pests and diseases, security in Kenya staples including Mixed Farming. Growth in
Maize production has been marginal averaging about 2 percent. This is lower than the population
growth rate which stands credit (Nyoro et al., 2007). As a result, on-farm yields are low
averaging 1.5-2.6 tonnes per hectare compared to on-station yields of about 5-8 tonnes per
hectare. In the last one decade, the country has experienced years of heightened food insecurity
and dependence on imports and emergency humanitarian assistance. In 2009, Kenya imported
16.8 million bags of Maize(GoK, 2010). Therefore, this chapter presented related theoretical and
empirical studies on climate change, agricultural extension services and labour supply and

adaptation strategies. The chapter also presented the conceptual framework and the research

gaps.

2.2 Theoretical Framework

One important reason for adaptation analyses in the climate change field is to estimate the degree
to which modeled impacts of climate change scenarios could be moderated or offset (or
“‘mitigated’”) by ‘‘adaptation to the impacts’” (Parry 2002; Mendelsohn et al 2000; Fankhauser

1998). These analyses address Article 2 of the United Nations Framework Convention on
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Climate Change (UNFCCC), which commits countries to mitigate green-house emissions in
order to avoid ‘‘dangerous’’ anthropogenic changes in climate. Adaptations are considered to
assess the degree to which they can moderate or reduce negative impacts of climate change, or
realize positive effects, to avoid the danger. These analyses are usually undertaken at broad
scales, where equilibrium or statistical models are used to estimate impacts with and without
adaptation, in order to address the question: how serious or ‘‘dangerous’’ are specified scenarios
of climate change (Dessai et al 2003; Tubiello et al 2000; Winters et al 1998; Parry et al 2001).
When analyzed for this purpose, adaptations are conventionally assumed or hypothetical, and
their effect on the system of interest is estimated relative to the estimated impacts (e.g. in terms
of costs, savings, etc.). For this use, the focus is on the effect of the assumed adaptations. The
purpose is to estimate impacts of climate change, and to estimate the difference adaptation could

make.

A second purpose of adaptation analysis focuses on specific adaptation options or measures, for
a particular system subject to climate change stimuli. These analyses address the articles of
UNFCCC that commit countries to ‘‘formulate and implement measures to facilitate adequate
adaptation to climate change’’ (Article 4.1). The purpose of these analyses is to assess the
relative merit or utility of alternative adaptations, in order to identify the ‘‘best’’ or better ones
(e.g. Dolan et al 2001; Klein et al 1999; Fankhauser et al 1999; Niang-Diop and Bosch 2004).
The analysis involves selecting a suite of ‘‘possible adaptations’’, chosen by the researcher from
hypotheses, observations, modeling, extrapolation, analysis, key informants or deductive
reasoning. These possible adaptations are usually considered to be distinct and discrete, in order
that they can be subjected to evaluation according to some common principles or criteria. Among

the tools used to rank or rate the relative merit of possible adaptations are benefit-cost, cost

11



effectiveness and multiple-criteria procedures. Common variables employed are benefits, costs,
implementability, effectiveness, efficiency, and equity (Fankhauser et al 1999; Feenstra et al
1998; Smith et al 1998; Adger et al 2005a). Such analyses assume that there is, in practice, a
process through which adaptations are selected and implemented, and that the relative evaluation
analysis fits into this process. The focus of these studies is to rate or rank potential adaptations,
but they rarely investigate the processes through which adaptation measures are undertaken,
either in light of climatic change specifically (which is very rare) or as part of policy and

decision-making processes to which adaptations to climate might relate.

A third school of analysis focuses on the relative adaptive capacity (or vulnerability) of
countries, regions or communities, and involves comparative evaluation or rating based on
criteria, indices and variables typically selected by the researcher (Van der Veen and Logtmeijer
2005; O’Brien et al 2004a; Kelly and Adger 2000; Adger et al 2004; Brooks et al 2005; Rayner
and Malone 2001). Vulnerability is taken as the ‘starting point’’ rather than the residual or ‘‘end
point”” (O’Brien et al 2004b), and it is assumed to be measurable based on attributes or
determinants selected a priori. The expected application is that adaptation efforts should be
directed to those areas with the greatest exposures or least adaptive capacity. In this third type of
research, the analyst selects the factors or determinants of vulnerability or adaptive capacity
(sometimes with local inputs), obtains measures on these (usually aggregate surrogates from
available secondary data), adopts an aggregation function over the measures (usually summation)
and calculates an overall vulnerability value for each system. This research does not aim to
identify the processes, determinants or drivers of adaptive capacity and vulnerability as they

function in each system - they are taken as given, and used as the basis for the rating or ranking

12



analysis. Nor does this analysis substantively address the policy and decision-making processes

that deal with the conditions that can alter adaptive capacity and vulnerability .

The fourth type of analysis focuses on practical adaptation initiatives. Research that focuses on
the implementation processes for adaptations is still not common; at least, it is not common
under the label of ‘‘adaptation’’ research, and certainly not in the climate change field . There is
a vast body of scholarship in the fields of resource management, community development, risk
management, planning, food security, livelihood security, and sustainable development that deals
with the actual practices and processes of adaptation, although the word ‘‘adaptation’” may not
be explicitly used (Sanderson 2000; Gittell and Vidal 1998; Alwang et al 2001; Haimes 2004).
By ‘‘practical application’’, we mean research that investigates the adaptive capacity and
adaptive needs in a particular region or community in order to identify means of implementing
adaptation initiatives or enhancing adaptive capacity. This enables the identification and
development of particular adaptive measures or practices tailored to the needs of that
community. The aim is not to score adaptations or measure relative vulnerabilities, nor to
quantify impacts or estimate effects of assumed adaptations. Rather, the focus is to document the
ways in which the system or community experiences changing conditions and the processes of
decision-making in this system (or that influence the system) that may accommodate adaptations
or provide means of improving adaptive capacity (Keskitalo 2004; Ford and Smit 2004;

Sutherland et al 2005; Va“squez-Leo” n et al 2003).

It tends not to presume the specific variables that represent exposures, sensitivities, or aspects of
adaptive capacity, but seeks to identify these empirically from the community. It focuses on

conditions that are important to the community rather than those assumed by the researcher or
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for which data are readily available. It employs the experience and knowledge of community
members to characterize pertinent conditions, community sensitivities, adaptive strategies, and
decision-making process related to adaptive capacity or resilience. It identifies and documents
the decision-making processes into which adaptations to climate change can be integrated. It is
sometimes called a “‘bottom-up’’ approach in contrast to the scenario-based °‘top-down’’
approaches. The distinctive motivation here is to identify what can be done in a practical sense,
in what way and by whom, in order to moderate the vulnerability to the conditions that are

problematic for the community (Pahl-Wostl 2002; Moss et al 2001; Morduch and Sharma 2002).

Increase in the price of Maize from time to time has often impacted adversely on the poor who
divert meagre household incomes to Mixed Farming. In 2009, Maize prices were 100 to 130
percent higher than normal levels (USAID, 2009). This has been associated with a number of
causes including lack of productivity enhancing Impacts of drought on food technologies, high
incidence of pests and diseases, security in Kenya staples including Mixed Farming. Growth in
Maize production has been marginal averaging about 2 percent. This is lower than the population
growth rate which stands credit (Nyoro et al., 2007). As a result, on-farm yields are low
averaging 1.5-2.6 tonnes per hectare compared to on-station yields of about 5-8 tonnes per
hectare. In the last one decade, the country has experienced years of heightened food insecurity
and dependence on imports and emergency humanitarian assistance. In 2009, Kenya imported

16.8 million bags of Maize(GoK, 2010).

Maize demand in the country has been on the increase outstripping supply. For instance, in 2008

Maize production stood at 2.4 million metric tonnes (26 million bags) against a national
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requirement of 3.1 million tonnes (34 million bags). With the country’s population projected to
be 43.1 million by the year 2020, the demand for Maize is likely to be 5 million metric tonnes.

Poor people in developing countries are most vulnerable to the impacts of climate change owing
to their limited capacity to cope with climate shocks and stresses and their reliance on natural
resources and the environment (DFID, 2004). Smallholder farmers are disproportionately
affected, with over 1.5 billion people worldwide living in smallholder households in rural areas
where their livelihoods depend on agricultural activities (World Bank, 2008). There is therefore
an urgent need to identify approaches that strengthen the adaptive capacity of smallholders and

enhance their ability to respond to climate change.

2.3 Labour Supply and Adaptation Strategies to Climate Change

Labour has been defined as the economic resource that includes all forms of human effort that
results in the production of goods and services (Kenya Literature Bureau 2005). Labour can
further be categorized into family labour which consists of the father and members of the family
with the head of the family acting as the supervisor and hired labour, which is labour employed
outside the family. The latter can either be permanent or casual (Beardshaw, et al 2001). Casual
labour supplement the family labour and permanent labour when there is a lot of work to be done
in the farm, during peak period (Norton, et al 2006). Permanent labour which is hired on monthly
basis depends on the nature of the farm enterprise and its productivity depends on the
effectiveness of supervision (Mailu & Mwangi 2005). According to Christian Partners
development Agency (2008), labour is needed for weeding, fertilizer and manure application,

tipping and pruning that are necessary for high yields.

Although small scale farmers in developing countries have low capacity to adapt to climate

change effects, they have, however, survived and coped in various ways over time (Mano and
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Nhemachena, 2006). A better understanding of how they are doing it is essential for designing
incentives to enhance adaptation. Supporting the coping strategies of local farmers through
appropriate public policy, investment and collective actions can help increase the adoption of

well-crafted adaptation measures (11SD, 2007).

Adaptation to climate change is costly (Mendelson, 2004) and this cost could be revealed
through the need for intensive labour use. Thus, if farmers do not have sufficient family labour or
the financial capacity to hire labour, they cannot adapt to climate change. Previous analyses of
barriers to climate change adaptation show that shortage of farm labour is one of the major

constraints to adaptation by farmers (Deressa 2008, Adger 2001).

The characteristics of areas of farming bring out some specific features that characterise rural
labour markets as opposed to urban labour markets. Johnson (1991) emphasises the limitations of
residing in rural areas by outlining the individuals’ occupation/residential choice paradigm: the
choice of farming involves a very severe restriction on residential choice, while the choice of a
farm residence greatly reduces family’s employment opportunities across sectors. Moreover, the
geographical dispersion of agriculture as an industry and its rural location away from other
industries increases the costs of obtaining information about non-farm jobs and diminishes the

probability of household mobility to switch industries (Huffman, 1977).

It is, however, worth noting that agriculture is not the only sector engaged in the rural economy
although it often dominates employment, particularly as remoteness increases. As several studies
on agriculture and rural labour markets have emphasized, the descriptive statistics are self-
explanatory: the agricultural sector, in comparison to industry and service sectors, is

characterized by high age of agricultural workers (Bojnec et al., 2003; Bojnec & Dries, 2005;
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Van Herck, 2009), as well as low level of education attainment, with a significant proportion of
the population having no more than a primary education. These factors are very important as
they define the low level of human capital of the agrarian sector, and thus constrain the supply of

skilled labour from this sector (Goodwin & Holt, 2002; Huffman, 1977)

The process of economic development is associated with a declining share of agriculture in total
employment: there has been a massive movement of people out of agriculture throughout the
world, with a decline in both the absolute level and the relative importance of farm employment
especially in Europe (Breustedt & Glauben, 2007), and in the United States (Barkley, 1990). The
integration of farm and non-farm labour markets, which has been triggered by economic growth
and technological change, in terms of improved communication and transportation systems, has
allowed a reallocation of labour by farm residents from farm to off-farm work. The expansion of
communication systems to rural areas, which led to a better access to knowledge and ideas, and
the reduced cost of transportation, have decreased the transaction costs of resource adjustments
and have been accompanied by a more efficient allocation of people in the rural labour market.
Nonetheless, agriculture remains an important source of income for many rural households,
particularly in the poorest and least developed regions (Kancs et al., 2009a). A household will
allocate its labor such that the marginal return to labor on- and off-farm equalizes, and the
marginal product of labor on the farm equalizes with the wage rate for hired labor (Kamau,

2007).

2.4 Agricultural Extension Services and Adaptation Strategies to Climate Change

In order for the agricultural sector to adapt against climate change, agriculture and extension
policies and strategies are essential tools for this to be realized. For instance, UNFCCC (2008)

found that farmers who had access to extension contact adopted farming technologies 72%
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greater than farmers who had no access to extension contact. Nhemachena (2008) also
emphasized that exposure to extension services influences the capacity of farmers to adapt to
climate change. Farmer to farmer extension has also been reported by Deressa et al. (2010) to
have a positive influence on the adoption of adaptation technologies in response to climate

change.

It should also be emphasized that agricultural extension enhances the efficiency of making
adoption decisions. According to Adesina and Forson (1995) of the many sources of information
available to farmers, agricultural extension is the most important for analyzing the adoption
decision. Also, in the specific case of climate change adaptation, access to climate information
may increase the likelihood of uptake of adaptation techniques. According to IPCC (2011)
climate change and its associated uncertainties implies that extension services need to regularly
access new knowledge and extend it in an adequate and timely manner to the farmers. It also
entails harnessing the local using the two sources of knowledge (extension and farmers) to
improve adaptation practices. The low levels of education of some extension officers adversely

affect the quality of extension services (Mmbengwa, 2009).

According to FAO (2003), it has been observed that agricultural extension is involved in public
information and education programs that could assist farmers in mitigating the effects of climate
change. According to FAO (2003) , such involvements include awareness creation and
knowledge brokerage on the issues of climate change; building resilience capacities among
vulnerable individuals, communities and regions; encouragement of wide participation of all
stakeholders in addressing climate change issues and developing appropriate framework for
coping/adapting to climate change effects/impacts. Through extension services, farmers can

receive skills and knowledge to produce food. Mmbengwa (2009) asserted that farmers with
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access to extension services have better chance of engaging more profitably in agriculture than
those that have no access. Benhin (2006) noted further that farmers' level of education and access
to extension service are major determinants of speed of adoption of adaptation measures to
climate change. Extension service is an important source of information on climate change as
well as adaptation options hence farmers who have contact with extension agents are more likely
to be aware of climate change and available adaptation options, and subsequently adopt these

options (Nhemachena & Hassan, 2007; Gbetibouo, 2009; Deressa et al., 2010).

2.5 Financial Capability and Adaptation Strategies to Climate Change

Smallholder farmers are disproportionately vulnerable to the impacts of climate change as a
result of poverty, marginalization and reliance on natural resources. Climate change is likely to
lead to crop yields decreasing in most tropical and sub-tropical regions, thereby negatively
impacting agricultural sectors and worsening issues of food security in developing countries.
Although smallholders have considerable experience in dealing with climate variability, the
unprecedented levels of variability associated with long-term climate change are outside the

realm of traditional coping strategies (Pettengell, 2010).

Reducing people’s vulnerability to climate change is closely linked to the poverty reduction and
economic development agendas, since poverty is both a condition and a determinant of
vulnerability (Hamill et al., 2008). Effective and sustainable adaptation to climate change in the
long run is therefore dependent on broad-based economic development in which smallholders are
able to move from low return subsistence activities to higher return livelihood activities.
Resource limitations and poor infrastructure limit the ability of most rural farmers to take up
adaptation measures in response to changes in climatic conditions. With resource limitations,

farmers fail to meet transaction costs necessary to acquire adaptation measures and at times
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farmers cannot make beneficial use of the available information they might have (Kandlinkar &

Risbey 2000).

Chinvanno et al. (2008) report that in order to cope with the impacts of climate hazards, rice
farmers in the Mekong River Delta in Vietham have mainly used their own household resources
and have concentrated their adaptation actions within their farm boundaries. Faced with limited
financial capability, instead of investing in costly defensive efforts such as small scale irrigation,
farming households have used alternative adaptation strategies such as adjusting the crop
calendar or using alternative crops and seed varieties. Studies on to what extent social capital
determines households’ choice of these adaptation measures may have distinct policy relevance
since available resources such as social capital can be used up given chronic problems of human

and financial resource constraints.

Mark et al. (2008) argued that a lack of adaptive capacity due to constraints on resources like
access to weather forecasts or better seed varieties may result in further food insecurity. The
result of a study conducted by Centre for Environmental Economics and Policy in Africa across
African countries showed that lack of access to credit or saving, water, appropriate seeds,
security of property rights, market access and lack of adequate information about climate change
are some of the major problems encountered by farmers in adapting to the effects of climate
change (CEEPA, 2006). Most of the problems or constraints encountered by farmers in
adaptation to climate change are associated with poverty (Deressa 2008). Lack of money hinders
farmers from getting the necessary resources and technologies which assist in adapting to climate

change.

20



According to FAO (1997), Most African farmers are resource poor and cannot afford to invest on
irrigation technology to adapt to climate change in order to sustain their livelihood during harsh
climate extremes such as drought which often causes famine. With limited income (poverty), the
acquisition of necessary facilities was difficult. They may not only be costly, but may also
appear scarce for poor farmers. In addition, the farmers may not also have the necessary facilities
for current information like radio and television to obtain weather forecasts. This underscores the
problems of under capitalization of farmers (Enete & Achike 2008) and suggests the need to
improve the availability of credit to them. Benhin (2006) reports that lack of access to credit or
saving and adequate information about climate change are some of the major problems
encountered by farmers in adapting to climate change in Africa. Deressa (2008) reported that
most of the problems or constraints encountered by farmers in adaptation to climate change are

associated with poverty.

2.6 Adaptation to Climate Change in Agriculture

Increasing climate variability and climate change are impacting on agricultural livelihoods since
resource-poor farmers are unable to cope with multiple stressors or adapt to climate-related risks.
It is reported that about 70 % of the total Maize production in the developing world comes from
low income countries (FAOSTAT, 2010). It is estimated that one quarter of the global Maize
area is affected by drought in any given year. Some of the losses are blamed on soil fertility,
pests and disease (Heisey and Edmeades, 1999). Easterling et al. (2007) argued that harvest at
current levels of productivity and population growth is likely to fall far short of future demands.
Additionally, projections of climate change will further exacerbate the ability to ensure food
security and foster economic growth within many Maize producing areas. Easterling et al. (2007)

further recommends that development of improved germ plasm to meet the needs of future
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generations in light of climate change and population growth is of the utmost importance.
Thornton et al. (2009) on the other hand stated that the use of new varieties alongside improved
management options can offset yield losses by up to 40%. IPCC (2007) strongly suggests Maize
growing regions of Sub-Saharan Africa will encounter increased growing season temperatures

and frequency of droughts.

The two important determinants of the impact of climate change in a given region are the degree
of exposure to climate stressors, and the underlying sensitivity of the natural and social systems
(FAO, 2011). What is most important in food production are the frequency, magnitude and
duration of the extreme climate events such as droughts, floods, hail, storm winds, heat waves as
well as long-term climate changes such as rising temperature and changing rainfall regimes.
Impacts of climate change on land-based economic activities and associated livelihoods are
usually very significant, through direct effects on critical natural resources such as soil and
water, and on the growth and economic value of crops and livestock (FAO, 2011). Human
activities that end up degrading land make these impacts even worse because degraded lands
have much higher sensitivity to climatic hazards than those which enjoy good vegetation cover

and soil water infiltration abilities.

The volatile climatic conditions, and in particular drought, pose a major threat to the agricultural
sector, Maize security and livelihoods of smallholder farmers in Kenya. Drought has become a
frequent phenomenon making it difficult for the affected vulnerable smallholder Maize farmers
to cope and recover. At the national level, the country has failed to placed Kenya in the category

of countries that depend on imported Maize and humanitarian emergency relief operations. In
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this respect, WEMA was launched as a demand driven technological innovation designed to

strengthen the resilience and adaptive capacity of Maize farmers to cope with drought.

The partners will develop new African drought-tolerant Maize varieties, incorporating the best
technology available internationally. The long-term goal is to make drought tolerant Maize
available royalty-free to smallholder farmers in Sub-Saharan Africa most of whom are women —
so they can enhance their food security and increase household incomes. Risk of crop failure
from drought is one of the primary reasons why smallholder farmers in Africa do not adopt
improved farming practices. With the expansion of Maize production in the areas susceptible to
drought, it is expected that farmers will get higher, stable, and reliable yields. Commercialization
of Maize varieties being developed under WEMA is projected to increase yields in the drought

prone areas within the range of 25 percent compared to the current varieties.

The concepts of adaptation, adaptive capacity, vulnerability, resilience, exposure and sensitivity
are interrelated and have wide application to global change science . Practical initiatives that
tangibly address and improve societal adaptive capacity, thereby reducing vulnerability, are
commonly expected to be evident at the community scale (Kates, 2000; Kelly and Adger, 2000;
Ford and Smit, 2004). Vulnerability is related both to the differential exposure and sensitivity of
communities to stimuli such as climate change and also to the particular adaptive capacities of
those communities to deal with the effects or risks associated with the exposures. While
exposures, sensitivities and adaptive capacities are evident at community or local levels, they

reflect broader forces, drivers or determinants that shape or influence local level vulnerabilities .

Various authors have documented relevant literature on climate change adaptation. argues that

“adaptation in the context of human dimensions of global change usually refers to a process,
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action or outcome in a system (household, community, group, sector, region, country) in order
for the system to better cope with, manage or adjust to some changing condition, stress, hazard,
risk or opportunity”. On the other hand, Brooks (2003), describes adaptation as ‘‘adjustments in
a System’s behavior and characteristics that enhance its ability to cope with external stress’’.
Smit et al. (2000), in the climate change context, refer to adaptations as ‘‘adjustments in
ecological-socio-economic systems in response to actual or expected climatic stimuli, their
effects or impacts.”” Pielke (1998), also in the climate context, defines adaptations as the
““adjustments in individual groups and institutional behavior in order to reduce society’s
vulnerability to climate.”” An argument is also raised that, based on their timing, adaptations can
be anticipatory or reactive, and depending on their degree of spontaneity they can be autonomous

or planned (Fankhauser et al 1999; Smit et al 2000).

Besides understanding rural communities coping strategies, long term changes and sudden
shocks need to be viewed critically in terms of how they adapt to these changes. argued that “the
extent to which people and institutes are able to successfully respond to a new set of
circumstances that they have not experienced before, such as a changed climate, will depend
upon their adaptive capacity”. Adaptive capacity of households to climate changes usually
revolves around livelihood assets, as they are the means on which livelihoods are built. DFID
(1999) identifies five types of livelihood assets namely: natural capital, social-political capital,
human capital, physical capital and financial capital. Integrating these assets, knowledge on them
facilitates understanding of how livelihoods work (11SD, 2003), and in the context of this study
how Maize farmers in the study area respond to climatic variability and adapt to change. In

general, the stronger, more resilient and more varied the asset base, the greater is people’s
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adaptive capacity and the level of security and sustainability of their future livelihoods (11SD

2003.

Shiferaw et al (2005), on the other hand, argued that research investments to enhance crop
tolerance to drought stress, improving water productivity, and integrated management of land
and water resources (e.g. watershed management) have the potential to reduce vulnerability to
climatic shocks whilst also improving productivity. This was illustrated in the SAT of India
study which evaluated the effects of integrated watershed management in Kothapally village
which has contributed to improved resilience of agricultural incomes despite the high incidence
of drought. Whilst drought-induced shocks reduced the average share of crop income (as % of
total household income) in the non-project villages from 44 to 12 percent, this share remained
unchanged at about 36% in the adjoining watershed project village of Kothapally. For
agricultural communities and agricultural stakeholders in SSA to adjust to climate change and
the predicted increases in climate variability, their ability to cope better with the constraints and
opportunities of current climate variability must first be enhanced. If this does not happen, the
challenge of adapting to greater climate variability will prove daunting for most and impossible

for many .

Fraser et al (2003) proposed a theoretical framework for assessing whether societies or nations
are well placed to adapt to climate change, building on the two concepts of social resilience and
environmental sensitivity and suggest how that might be applied in a subsistence agriculture
context. Community management of natural resources can enhance adaptability in two ways: “by
building networks that are important for coping with extreme events and by retaining the

resilience of the underpinning resources and ecological systems” (Tompkins and Adger 2004).
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The development of strategies to adapt to variability in the current climate may also build
resilience to changes in a future climate (Slingo et al 2005). It is important that those affected by
risk of future events are involved in adaptive measures and that those measures are compatible
with existing decision-making processes (Smit and Pilifosova 2001). Smit and Pilifosova (2001)
also suggest that the determinants of adaptive capacity include not only the economic resources
and technology to deal with change, but also information and skills, institutions, infrastructure
and equity. This concurs with Dilley (2000) who concludes that communication of information

could contribute to improved management of climate variability due to ENSO events in Africa.

2.7 Implications of Climate Change to Food Production

Extreme events have long been recognized as being a key aspect of climate change and its
impacts of global food production (IPCC 2001a). Wide researches have demonstrated that
agricultural systems are vulnerable to variability in climate. Vulnerability can be viewed as a
function of the sensitivity of agriculture to changes in climate, the adaptive capacity of the
system, and the degree of exposure to climate hazards (IPCC 2001b). Whereas it may be
common for producers elsewhere in many parts of the world to have the physical, agricultural,
economic and social resources to adapt to the impacts of climate variability on food production
systems, it is not the case with many African farmers. This is because over 80 percent of the
cereals are rain-fed (Cooper 2004). It has also been found that in many parts of Africa, climate is

already a key driver of food security (Gregory et al 2005; Verdin et al 2005).

Future climate projections have revealed increasing temperatures over the coming years. For
example, Huntingford et al (2005) suggests that changes in mean monthly precipitation in parts
of the African region may be small, but there is a high chance of occurrence of extreme values

overall in both rainfall (wet/dry years) and temperature. These changes which are likely to be
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more robust than changes in mean rainfall could have serious repercussions on crop production
(Coppola and Giorgi 2005). Dore (2005) also found that there is increasing variance in recent
observations of precipitation across the tropics, suggesting the emergent importance of extremes
in many regions. It is changes on the spatial scale of cropping systems (i.e. the field) that are

likely to have the greatest impact on crop production.

At the basic level, the argument is, whether smallholder farmers in Africa will continue to farm.
It has been identified that, already rural livelihoods at household level are highly diverse, with
farming accounting for a lower proportion of disposable income and food security for farming
households than 20 years ago. For example, Bryceson (2000) concludes that “diversification out
of agriculture has become the norm among African rural populations.” There is evidence that
households moving out of poverty are those moving either completely or partially out of farming
(Ellis and Bahiigwa 2002; Bryceson 2000). It is likely that many households will respond to the
challenge of climate change by seeking further to diversify into non-farm livelihood activities

either in situ or by moving (or sending more family members) to urban centres.

For these households, farming may remain as (or revert to) a semi-subsistence activity while
cash is generated elsewhere. This would be simply a continuation of a well-established trend
towards pluriactive, multi-locational families and the transfer of resources through urban-rural
remittances (Manvell 2005). However, given the acute population and development related
challenges faced by most African nations, many households was forced to remain in the farming
sector for livelihood and security for some time to come as the population in Africa undergoes a

three-fold increase this century (Commission for Africa 2005).
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This will lead to considerable demand for expansion of area under small-farm cultivation for
staple crops. Farming for profit, particularly production for international markets, may therefore
become more concentrated on fewer farms, as is already happening in the fresh vegetable export
market from eastern and southern Africa. Companies with the capital to invest in controlling
their production environment through irrigation, netting and crop protection in order to meet
stringent quality and bio-safety requirements of European supermarkets are increasing their
market share at the expense of smallholders (Dolan and Humphreys 2000; Gregory et al. 2005).
This should lead to further irrigation development, and contribute to a recommended doubling of

irrigated land by 2015 (Commission for Africa 2005).

It has been observed that in the semi-arid and arid environments where rainfall variability
impacts most strongly on livelihoods, farmers have developed coping strategies to buffer against
the uncertainties induced by yearly variation in water supply among socio- economic drivers
which impact on their lives. In addition, farmers often over-estimate the frequency of negative
impacts of climate variability and under-estimate the positive opportunities. A range of factors
(population pressure, declining soil fertility, weed invasion, decreasing labour supply, disease,
lack of markets or access to markets for high value produce, lack of off-farm employment, etc.)
are resulting in agriculture becoming a less viable foundation for rural livelihoods (Jayne et al

2003).

Depending on subjective assessment of risks and vulnerability, farm households make certain
adjustments in their choice of strategies, and production and consumption decisions. Such coping
strategies, according to Cooper et al (2008), can be broadly grouped into three categories: (a) ex-

ante risk- management options such as choice of risk-tolerant varieties, investment in water
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management, and diversification of both farming and other associated livelihood enterprises
prior to the onset of the season, (b) in-season adjustment of crop and resource management
options in response to specific climatic shocks as they evolve, and (c) ex-post risk management
options that minimize livelihood impacts of adverse climatic shocks (for example, distress sale of
assets, borrowing, cut expenditures on non-essential items). Depending on the household
capabilities to manage stress, these mechanisms may vary from household to household and from
one geographical location to another. This study aims at establishing coping dimensions and
variability among the households in the study area. On the other hand, lists that cropping
practices that are often used to mitigate the effects of variable rainfall include: planting mixtures
of crops and cultivars adapted to different conditions as formal or informal intercrops; use of
crop landraces that are more resistant to climate stresses; use of crop trash as a mulch; planting

of starvation-reserve crops and; a variety of low-cost water-saving measures.

2.8 Level of Exposure and Proneness to Climate Shocks

Almost all human societies and their respective activities are sensitive to climate change in one
way or another. This is because in large measure where people live and how they generate a
livelihood and wealth is influenced by the ambient climate. Since climate is inherently variable
for quite natural reasons, human societies have always and everywhere had to develop coping
strategies in the face of unwelcome variations in climate or weather extremes. Some of these
coping strategies are more technologically dependent, better resourced, or more robust or

resilient than others.

Vulnerability as a measure of the degree to which an entity may be hurt or influenced by an
object or event has widely been understood. Typically, it has been used in relation to food

security assessments, poverty mapping, natural hazard exposure, and climate impact studies
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(Liverman 1990; Downing 1991; Comfort et al 1999; UNEP 2000). Within the context of
climate studies, conceptualization of wvulnerability has mostly focused on marginality,
susceptibility, adaptability, fragility, and risk (Dow 1992; Liverman 1994), where the most
vulnerable are considered to be those who are most exposed to perturbations, who possess a

limited capacity for adaptation, and who are least resilient to recovery (Bohle et al 1994).

In terms of agriculture, Reilly and Schimmelpfennig (1999) differentiate among yield
vulnerability, farmer or sector vulnerability, regional economic vulnerability, and hunger
vulnerability. They see vulnerability of farmers to climate conditions as a measure influenced by
the capacity to take anticipatory actions — such as planting drought resistant seeds, cultivating the
least flood-prone areas, changing the crop mix, or seeking off-farm income — as well as to
recover from losses or damages. Vulnerability has been assessed at many different levels,
including household, community, region, and nation — although most studies emphasize either
the micro-level (household) or the macro-level (nation). The micro-level studies typically focus
on household vulnerability to either natural events such as droughts or floods, or deterioration in
the macroeconomic environment (Webb and Reardon 1992; Teklu 1992; Glewwe and Hall 1998;

Dershem and Gzirishvili 1998; and Moser 1998).

Vulnerability is determined by the likely responses of the resources on which individuals depend
and their availability, and most crucially, by the entitlements to call on these resources. Wide
attribution on this fact has been documented by researchers, for example (Sen 1999; Hewitt
1997; Watts and Bohle 1993; Ribot et al 1996; Adger 1999) among others. Vulnerability is
therefore a socially constructed phenomenon influenced by institutional and economic dynamics.

The vulnerability of a system to climate change is determined by its exposure, by its physical
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setting and sensitivity, and by its ability and opportunity to adapt to change. Vulnerability to
climate change, as with vulnerability to hazards, is not strictly synonymous with poverty. It has
been argued that both vulnerability and adaptation processes to climate change are likely to

reinforce unequal economic structures (Kates 2000).

Although these studies tend to suggest broader perspective of societies vulnerability, specific
focus on sensitivity of households’ most basic foods to climate change have not been clearly
articulated. Because food is the most basic requirement, emphasis on variability of smallholders’
staple foods is very important, as is the direction of this study.The linkages between climate
change, farm household, agricultural production shock including adaptation and mitigation to

such risk can be summarized in conceptual framework in figure 2.1.

Farm household interacts with climate through crop and livestock farming for food production
and consumption. To increase yield, forest lands are converted to crop lands (extensification) and
chemical inputs are intensively used (intensification). As soil is an effective carbon sink, when
forest lands are converted to farming fewer carbon is sequestered in the soil and more carbon is
released in to the atmosphere to form carbon dioxide. Other agricultural activities such as
biomass burning, fertilizer and pesticide production, irrigation, and farm machinery are

accountable for further GHG emission.

The thermal infrared radiation emitted by the Earth’s surface is absorbed by greenhouse gases
within the Earth’s system leading to an increased infrared opacity of the atmosphere and
radiative forcing. The heat and evaporation trapped in this process causes temperature to rise and
precipitation pattern to change. Since farming depends essentially on temperature and rainfall,

higher temperature and erratic rainfall pattern pose shocks and risks to agriculture. In the short-
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run, prolonged period of drought, erratic rainfall pattern (e.g. late rain onset, early rain
termination, sporadic rainfall distribution) and flooding are direct consequence of temperature
and precipitation fluctuation while greater incidents of pests and diseases of crop and livestock
can be accounted for indirectly. In the long-run, continuous variability and severity of weather
distresses eventually leads to environmental degradation such as land degradation, biodiversity
loss and unsustainable forestry which damage natural resources essential for agriculture and
livelihoods. Although climate fluctuation may increase rainfalls and reduce temperature in some
dry areas but the shifting of mean values and widening variation of climatic pattern requires
fundamental adjustments of farm planning and cultivation pattern for farm households

(Tongruksawattana, 2013).

Having suffered from unexpected agricultural production shocks, farm households may adapt to
changing climatic conditions by using available skills, resource, and opportunities to address,
manage, and overcome adverse conditions brought about by such shocks to maintain livelihoods.
The exposure of agricultural production shocks creates initial impact on household’s food
production and consumption. Farm households have a number of options to adjust to actual or
expected production shock effects in order to moderate harm and minimize residual impact
These include: 1.Adjustment of farming practices and technology including replanting,
application of external inputs and machinery, treatment of diseases and pests, use of improved
varieties which are tolerant to drought, disease and pest, Early or relay planting, conservation
agricultural practices, crop diversification and crop intensification (Kristjanson et al. 2012). 2.
Sell assets such as livestock, lands and other assets and use savings. 3. Borrow and 4.Reduce

consumption, (Tongruksawattana, 2013).
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At the same time, farm households may undertake mitigation strategies to reduce the sources or
enhancing the sinks of greenhouse gases. Possible climate change mitigation strategies which
aim to increase the uptake and storage of carbon in plants, trees and soils (carbon sequestration)
in the earth systems such as; Agricultural conservation, sustainable intensification and
agroforestry. In addition to agricultural production shocks and risks, farm households
simultaneously face shocks and risks from other sources. Fluctuations in input, output and food
prices, reduction in household business and employment income represent economic
shocks/risks. Health shocks/risks include family sickness and death of household member.
Lastly, social shocks/risks encompass theft, discrimination, conflict and violence. Hence
household income and food security is a result of overall intra-household adaptation to shocks

and management of risks, (Tongruksawattana, 2013).

2.9 Conceptual Framework

A conceptual framework is a conceptualization of the relationship between the variables in the
study and shows the relationship graphically or diagrammatically. It is a hypothesized model
identifying the concepts under study and their relationships (Mugenda & Mugenda, 1999). The
possible relationships between independent variables and the dependent variable are as shown if
figure 2.1. Independent variables included labour supply, agricultural extension services and

financial capability while adaptation to climatic change was the dependent variable.
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2.10 Research Gaps

According to IPCC (2007), Africa is expected to experience the highest levels of warming with
some countries, Kenya inclusive, also experiencing decline in rainfall. Climate change introduces
numerous uncertainties over the livelihoods of farming communities that depend heavily on the
weather and climate (Al-Hassan and Poulton, 2009; Athula and Scarborough, 2011). It impacts
on land use and livestock management by altering crop, forage and livestock growth and yield
(Mu and McCarl, 2011). Climate change negatively affects the basic elements of food production
such as soil, water and biodiversity (FAO, 2009). Smallholder farmers have therefore been
modifying their practices to better adapt to the changing climate. The FAO (2009) however
opines that traditional coping mechanisms are not sufficient for dealing with medium to long-
term impacts of climate change. Hence, innovative or modern strategies are expected to play a

critical role in the mitigation of, and adaptation to climate change (11SD, 2005).

Agriculture is the mainstay of Kenya’s economy. It accounts for approximately 27 percent of
Kenya’s Gross Domestic Product (GDP) and is the main source of livelihoods for about 80
percent of the population in rural areas (MoA, 2009). Over the years, the Kenya Government has
strived to achieve national, household and individual food security. This is evidenced by several
development strategies and policies that have been prepared and launched to steer the
development of the agricultural sector in the country. They include the ‘Strategy for Revitalizing
Agriculture (SRA) (2004-2014)’. Kenya’s current development goals and ambitions are
articulated in the Vision 2030. to drive the economy to a projected 10 percent economic growth
annually over the next two decades through promotion of an innovative, commercially oriented
and modern agriculture (GoK, 2007). Ensuring food security and nutrition has been a key

element in Kenya’s agricultural policies and strategies.
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Adaptation helps farmers achieve their food, income and livelihood, security objectives in the
face of changing climatic and socio-economic variability, extreme weather conditions such as
droughts and floods. Farmers can reduce potential damage by making tactical responses to these
changes, however the researcher noted that there is lack of empirical work on agricultural
extension services, financial capability and labour supply determinants as far as small holder
maize farmers adaptation strategies to climate change is concerned especially in Bahati Sub-

County, Nakuru County.
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CHAPTER THREE
RESEARCH METHODOLOGY

3.1 Introduction

This chapter presents the research design and methodology that was used in the research. It
provides the rationale that was used by the researcher in choosing the design. The target

population, sample size and sample selection, data collection procedures and data analysis.

3.2 Research Design

The study adopted a descriptive research design. Descriptive research design is used to obtain
information concerning the current status of the phenomenon to describe what exists with respect
to variables or conditions in a situation hence allowing observation of life experiences. Therefore
it allowed for obtaining information on determinants of small holder farmers adaptation

strategies to climate change in Bahati Sub-County, Nakuru County.

3.3 Target Population

According to Mugenda and Mugenda (2003) population is the entire group of individuals, events
or objects that have a common observable characteristics. It is that aggregated of all that
conforms to a given specification. The target population of this study included small holder

maize farmers from Bahati Sub County, Nakuru County

3.4 Sample Size and Sampling Selection

Frankel and Wallen (2000), define sample as any part of population of individuals on whom
information was obtained in a research study. They define sampling as the process of selecting

the individuals who participated in the research study. The sample size was drawn from the
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target population of the study. Krejcie and Morgan (1970) proposed a table of calculating the
sample size from target population. The sample was selected using random sampling. From the
various Locations in the sub-county, the researcher randomly selected 45 farmers from each
Location to come up with a total of 225 farmers. The locations were Kabatini, Dundori,

Kiamaina, Lanet and Bahati.

3.5 Data Collection Instruments

Frankel and Wallen (2000) define a research instrument as the device the researcher uses to
collect data. Both primary and secondary sources of data were used. Primary data was collected
mainly by administration of questionnaires to the farmers. The researcher used the help of
research assistant to help in collecting data. Farmers who were not able to read and write were
assisted to fill the questionnaire by the research assistants who had been trained how to do so
prior to data collection. Secondary data was obtained from agricultural office documents and

reports.

3.6 Validity of the Research Instrument

Validity refers to the extent to which the research tool/ instrument is accurate, correct and true.
Saunders et al (2002) argues that research is only valid if it actually studies what it sets out to
study and only if the findings are verifiable. To increase the validity of the data collection tool, a
pre-test of the questionnaire was conducted with farmers from neighbouring sub — county. To
ensure validity the researcher gave a draft of the instruments to the supervisor so as to check the
validity of the instruments. Also a pilot study was carried out in the nearby sub-county this is

Rongai Sub-County which has similar climate changes.
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3.7 Reliability of the Research Instrument

To strengthen the reliability of the tool, the study used internal consistency techniques. This
involved correlating a score in one item with scores obtained from other items in the instrument.
The Cronbach's Coefficient Alpha was computed on the items to establish their correlation.
Obtaining a high coefficient implies high correlation among the items and thus internal
consistency (and to a large extent validity) of the tool. This study ensured the reliability of
instruments through carrying out a pilot study in Rongai Sub-County. Cronbach alpha coefficient
values greater than 0.7 were considered an indication of high reliability (Vogt, 1999). The results

for the pilot study were as shown in table 3.1 below.

Table 3.1: Cronbach Alpha Coefficient Values

Valuable Number of items Alpha (o) values
Labour Supply 7 0.72
Agricultural Extensions Services 7 0.76
Financial Capability 7 0.81
Adaptation to climatic change 7 0.71

All the valuables recorded cronbach alpha coefficient values greater than 0.7 hence the

instrument was reliable.

3.8 Operation Definition of Variables

The researcher used measurement scales to investigate the various variables in the study.
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Table 3.2: Operation Definition of VVariables

Research Objectives Independent | Indicators Measurement | Measurement | Data Data

Variable scale collection analysis

tools

To establish the extent to which | Labour Supply | Human Farm size, Nominal Questionnaires | Descriptive
labour supply determine small Labour number of statistics
holder Maize farmers adaptation hours, Skills
strategies to climate change in
Bahati Sub-County, Nakuru
County.
To assess the extent to which Education Skills acquired | Farmers Nominal Interview Descriptive
availability of agricultural level, resource | in farming activities, guide statistics
extension service determines centre skills gained
small holder Maize farmers available, Questionnaires
adaptation strategies to climate
change in Bahati Sub-County,
Nakuru County.
To examine the extent to which | Household Amount of Access to Nominal Questionnaires | Descriptive
socio-economic factors size, Gender money earned | credit loan statistics
determine small holder Maize of the head of | from farming,
farmers adaptation strategies to | the family, farm products
climate change in Bahati Sub- (Kgs), maize,
County, Nakuru County. Family beans,

income vegetables,

milk meat,
trays of eggs
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Research Objectives Dependent Indicators Measurement | Measurement | Data Data

Variable scale collection analysis

tools

Determinants of smallholder Adaptation Strategies to Farmers Nominal Questionnaires | Descriptive
maize farmers’ adaptation strategies to climate activities, statistics
strategies to climate change climate change Skills gained, Interview

change Methods of usage of new guides

coping methods
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3.9 Data Analysis Technique
Cohen and Manion (1994) say that once all the data has been collected, editing should be done to

identify and eliminate errors made by the respondents. Data analysis is the breakdown of large
components of research data into simpler, easily synthesized and understood parts. After
collection of the raw data, it was sorted out and edited to identify black spaces or unfilled items
and those that have been wrongly responded. Descriptive statistics such as frequencies and
percentages was used to analyze the data using a Statistical Package for Social Scientists (SPSS),
version 12. Inferential statistics in the form of Pearson product moment correlation coefficient

was used to show the relationship between variables.

3.10 Ethical Consideration

Before going to the field the researcher requested a research permit from Nacosti and the
University of Nairobi. After obtaining all the required documents, the researcher travelled to
Bahati Sub-County to collect the data. The respondents were reminded not to disclose their

names and was assured of confidentiality of their responses.
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CHAPTER FOUR
DATA ANALYSIS,PRESENTATION AND INTERPRETATION

4.1 Introduction

This chapter presents the findings from the analysis of the data collected. The findings were in
form of both descriptive and inferential statistics. The findings were accompanied by detailed
discussions on the various aspects under analysis. Essentially, the presentations of findings were
in tandem with the research objectives and the study variables. The researcher presented the

findings and discussions relative to the background information of the respondents.

4.2 Response Rate

The study sample comprised of 225 respondents. The researcher distributed 225 questionnaires
of which 205 of them were properly filled and returned. This represented a response rate of 91%

which is classified as very good according to Babbie (1990).

4.3 Background Information

The researcher had sought to establish the background information for the respondents in regard
to age, level of education, years in farming and the size of their farms. The findings for the

analysis were as represented in the following sections.

4.4 Age of the respondents

As regards the ages of the respondents, the findings are as presented in the Table 4.1.
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Table 4.1: Age of the respondents

Frequency percentage
Valid 25-30 Yrs 24 11.7
31-40 Yrs 146 71.2
Above 40 Yrs 35 17.1
Total 205 100.0

The findings indicated that the majority of the respondents were aged between 31-40 years
making up 71.2% of the respondents. 17.1% of the respondents were above 40 years while

11.7% were aged between 25-30 years.

4.5 Level of Education

Further the researcher sought to establish the level of education of the respondents. The results

from the analysis are as shown in the Table 4.2.

Table 4.2: Level of Education

Frequency percent
Valid Degree 4 2.0
Diploma 28 13.7
Secondary 118 57.6
Primary 55 26.8
Total 205 100.0

The table indicates that only 15.7% of the respondents had acquired post secondary education.

The remaining 84.4% had only acquired basic primary and secondary education.
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4.6 Years of Farming

The researcher sought to find out the period for which the respondents had been in farming. The

findings from the analysis are as shown in Table 4.3.

Table 4.3: Years of Farming

Frequency percent
Valid 1-5Yrs 20 9.8
6-10 Yrs 17 8.3
11-15Yrs 9 4.4
Above 15 Yrs 159 77.6
Total 205 100.0

The table indicated that 77.6% of the respondents had been in farming for over 15 years. This
shows that these respondents had a lot of experience in the trends of farming in this region.

22.4% of the respondents had been in farming for less than 15 years.

4.7 Size of Respondents Maize Farms

The findings from the analysis indicated that a majority of the respondents had between a quarter

of a hectare and one hectare. As such these were small scale farmers.

4.8 Descriptive Statistics

The researcher sought to establish the means and standard deviations of the responses to give the
descriptive statistics of the variables. The results were presented with respect of every study

variable and are discussed in the section as below.
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4.8.1 Labour Supply
The researcher in this case sought to establish the views of the respondents as regards the aspects

of labour supply in their farming activities. The researcher established the means and standard
deviation of the responses to extract important deductions from the responses. The findings for

the analysis were as presented in the table 4.4.

Table 4.4: Labour Supply

Std.
N Min Max Mean Dev

-

. L entirely utilize family labour in our farming activities 206 5 5 5.00 .000

N

. I lack skilled labour in conducting our farming activities 205 1 5 491 539

3. Availability of sufficient labour has enabled me to adopt

) ) 205 1 2 1.03 .182
to new farming mechanisms

4. 1 lack the financial capacity to employ hired labour in

the farms 205 1 5 486 .710

5. | prefer non farming employment rather than farm

205 5 5 500 .000
employment

6. With increased exposure to urban centers, more energetic

. 205 4 5 499 .099
young labourers have vacated farming

7. Agriculture remains a major source of income in thisarea 205 5 5 5.00 .000

Valid N (listwise) 205

The table indicates that the respondents strongly disagreed that availability of sufficient labour
had enabled them adopt to new farming mechanisms with a mean of approximately 1 (strongly
disagree). However, the respondents strongly agreed with all the other aspects of labour supply
recording means of approximately 5 (strongly agree). The respondents showed greater agreement
in their responses recording standard deviations of less than 1. This indicated greater cohesions

in their opinions as regard this aspects of labour supply.
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4.8.2 Agricultural Extension Services
The researcher further sought to establish the views of the respondents as regards to the aspects

of agricultural extension services. The researcher computed the means and standard deviations of
the various aspects to enable him draw some inferences. The findings for the analysis are

presented in Table 4.5

Table 4.5: Agricultural extension services

Std.
N Min Max Mean Dev

1. | frequently get agricultural extension services in my farming 206 1 5 127 .703

2. Through extension services, | get up to date information on

N 206 1 5 123 .543
climatic changes

3. Through extension services, | have been able to improve our

farming methods 205 1 5 478 615

4. 1 find the agricultural extension officers more knowledgeable in

: i 205 4 5 490 .297
farming activities

5. I have improved the profitability of my firm due to information

) ) . 2060 1 5 479 588
received from extension services

6. Through extension services, am able to cushion myself from

harsh weather conditions 205 15129 707

7. There is the existence of farmer extension services 2060 5 5 500 .000

Valid N (listwise) 205

From the table, it is observed that the respondents strongly disagreed with the assertions that they
frequently get agricultural extension services in their farming, that through extension services,
they get up to date information on climatic change and that through extension services, they are
able to cushion ourselves from harsh weather conditions. These items registered means of
approximately 1 (Strongly disagree). Respondents strongly agreed with all the other aspects
registering means of approximately 5. There was greater cohesion in responses with all the

aspects registering standard deviations of less than 1. The assertion that there was existence of
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farmer extension services indicated greater agreement in the way the respondents answered the

statement. This statement had zero standard deviation.

4.8.3 Financial Capability
The researcher in this case established respondents’ views in regard to financial capability in

their farming activities. The researcher computed the means and standard deviations of the
responses and used them in drawing various deductions. The findings for the analysis were as

presented in Table 4.6

Table 4.6: Financial Capability

N Min Max Mean Std. Dev

1. Most of the farmers in this area practice subsistence

farming due to financial constraints 2055 > 500 000

2. Farmers are able to increase their acreage due to

. . 205 1 5 478 .803
financial empowerment

3. Farmers have access to credit facilities that enhances

their farming efficiency 205 1 2 105 216

4. Due to insufficient funds, farmers are unable to utilize

. o : 205 5 5 500 .000
useful information in farming

5. Farmers just limit themselves to their household
resources instead of expensive sophisticated farming 2056 5 5 5.00 .000
methods

6. Lack of money hinders farmers from getting the

. . X . 5 5 500 .000
necessary resources reguires to improve their farming

7. Due to unimproved farming methods, farmers are unable

to realize sufficient profits in their farms 205 5 > 500 000

Valid N (listwise) 205

The results in table 4.6 shows that the respondents strongly disagreed that farmers have access to
credit facilities that enhances their farming efficiency. This aspect recorded a mean of

approximately 1 (Strongly Disagree). The respondents strongly agreed with all the other aspects
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of financial capability recording means of approximately 5 (Strongly Agree). Five of the
responses showed greater cohesions in the way the respondents responded to the aspects with no
standard deviation recorded. The remaining 2 aspects indicated a significant level of cohesion in

responses having standard deviations less than 1.

4.8.4 Adaptation to Climatic Change
The researcher sought to establish how the farmers had adopted to climatic changes within this

locality. The researcher determined the means and standard deviation for the responses in regard

to this aspect. The findings for the responses were as presented in Table 4.7.

Table 4.7: adaptation to climatic change

Std.
N Min Max Mean Dev

1. There has been greater diversification out of agriculture by most

. 206 5 5 500 .000
farmers in this area

2. In most of the families, cash is generated elsewhere while

. . . i 205 4 5 499 .099
agricultural is semi-subsistence

3. Most of the farmers have adopted the use of irrigation systems in

: : 2056 1 1 1.00 .000
their farming
4. There has been an increase of green house farming inthisarea 205 1 2 1.01 .099

5. Most of the families depend on emergence relief operations to
supplement their food supply

6. There has been development of drought tolerant maize variety
that is planted by farmers in the area

206 1 1 1.00 .000

206 2 5 496 .361

7. Farmers have adapted to climatic change by changing the

planting periods 2056 5 5 5.00 .000

Valid N (listwise) 205

The results in table 4.7 indicated that the respondents strongly disagreed that most of the farmers
had adopted the use of irrigation system in their farming, that there had been an increase of green

house farming in the area and that most of the families depended on emergence relief food
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operations to supplement their food supply. These aspects registered means of approximately 1
(Strongly disagree). Further the respondents strongly agreed with all the other aspects of
adaptation to climatic change recording means of approximately 5 (Strongly Agree). All
responses registered standard deviations less than 1 while some had zero standard deviation. This

was an indication that the respondents had greater cohesion in their responses.

4.9 Inferential Statistics

The researcher sought to establish the relationship between the independent variables and the
dependent variables. All the responses were on a Likert scale (1-Strongly disagree, 2-Disagree,
3-Not Sure 4-Agree and 5-Strongly agree) with Likert scale data items. As such the responses
could be transformed into a composite score of their means. This was then used to compare the
independent and the dependent variables to establish the degree of associations between the

variables. The results from the analysis are as illustrated in table 4.8

Table 4.8: inferential statistics

Agricultural Adaptation
Labour Extension Financial  To Climate
Supply Services Capability Change

Labour Supply Pearson_ 1 130 477 007
Correlation
Sig. (2-tailed) .063 .000 702
N 205 205 205 205
Agrlcu_ltural _ Pearson_ 130 1 108 043"
ExtensionServices Correlation
Sig. (2-tailed) .063 123 .000
N 205 205 205 205
Financial Capability Pearson_ 277 108 1 025
Correlation
Sig. (2-tailed) .000 123 718
N 205 205 205 205
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Adaptation To Pearson

Climate Change Correlation ~027 243 ~025 L
Sig. (2-tailed) 702 .000 718
N 205 205 205 205
**_Correlation is significant at the 0.01 level (2-
tailed).

The table indicates a negative insignificant relationship (r = -.027, p<.702) between labour
supply and adaptation to climatic change. This means that the adaptation to climatic change is
not significantly affected by labour supply. As such, labour supply has little or no role in as far as
the adaptation to climatic change is concerned. Further the findingsindicated that there existed
negative significant relationship (r = -.243, p < 0.01) between agricultural extension services and
adaptation to climatic change. As such, this was an indirect relationship indicating that extension

services negatively influenced adaptation to climatic change.

Additionally, the findings indicated a negative insignificant relationship (r = -.025, p < 0.718)
between financial capability and adaptation to climate change. This showed that financial
capability does not significantly influence adaptation to climatic change for the farmers in this

area.
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CHAPTER FIVE

SUMMARYOF FINDINGS, CONCLUSIONS, RECOMMENDATIONS AND
SUGGESTIONS

5.1 Introduction

This chapter presents a summary of the major findings from the study based on the research
objectives, conclusion from the finding and recommendations derived from the conclusions. The
study set out to establish the effect of labour supply, agricultural extension services and financial
capability on adaptation to climatic change of small scale maize farmers. The researcher drew a
summary of findings and drew pertinent conclusions based on the objectives and gave some
recommendations based on the study findings. Finally, the researcher suggested areas for further

studies with regard to the findings of this study.

5.2 Summary of Findings

The study had the independent variables comprising labour supply, agricultural extension
services, and financial capability. The dependent variable was adaptation to climate change. The
researcher drew summaries based on the study findings and presented them as per each objective
finding.

5.2.1 Effect of Labour Supply on the Adaptation to Climatic Change

Descriptive statistics indicated that the respondents strongly disagreed that availability of
sufficient labour had enabled them adapt to new farming mechanisms. However, respondents
strongly agreed with all the other aspects of labour supply. They strongly agreed that they
entirely utilize family labour in their farming activities and that they lacked skilled labour in
conducting their farming activities. They further agreed that they lacked financial capacity to

employ hired labour and that most people prefer non-farming employment rather than farm
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employment. With increased exposure to urban centres, respondents agreed that most of the
energetic young labourers have vacated farming and they also agreed that agriculture remains a
major source of income in that area.

Inferential statistics indicated that labour supply does not significantly influence adaptation to
climatic changes. These findings were inconsistent with earlier findings from other scholars who
indicated labour supply as a major factor in determining adaptation to climatic change.
Mendelson (2004) observed that adaptation to climate change is costly and this cost could be
revealed through the need for intensive labour use. Thus, if farmers do not have sufficient family
labour or the financial capacity to hire labour, they cannot adapt to climate change. Previous
analyses of barriers to climate change adaptation show that shortage of farm labour is one of the

major constraints to adaptation by farmers (Deressa 2008, Adger 2001).

5.2.2 Effect of Agricultural Extension Services on Adaptation to Climatic Change
Descriptive statistics indicated that the respondents strongly disagreed that they frequently get

agricultural extension services in their farming, that through extension services, they get upto
date information on climatic changes and that through extension services, they are able to
cushion themselves from harsh weather conditions. On the other hand, respondents agreed that
through extension services, they have been able to improve their farming methods, and that they
find the agricultural extensions officers more knowledgeable in farming activities. They further
agreed that they have improved the profitability of their firms due to information received from
extension services, and that there were farmer extensions services within their locality.
Inferential statistics indicated that agricultural extension services had weak negative but

significant relationship with adaptation to climatic change. This implies that agricultural
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extension services have not enhanced adaptation to climatic change in this region but inhibited

adaptation.

5.2.3 Effect of Financial Capability on Adaptation to Climatic Change
Respondents were in agreement with the assertions that most of the farmers in that area practiced

subsistence farming due to financial constrains, that the farmers are able to increase their acreage
due to financial empowerment and that due to insufficient funds, farmers were unable to utilize
useful information in farming. Further the respondents agreed that farmers just limited
themselves to their household resources instead of expensive sophisticated farming methods, that
lack of money hinders farmers from getting necessary resources required to improve their
farming, and that due to unimproved farming methods, farmers are unable to realize sufficient
profits in their farms. Inferential statistics indicated that financial capability does not have
significant relationship with adaptation to climatic change. As such, adaptation to climatic

changes does not at all depend on the financial capability of farmers in this region.

5.2.4 Adaptation to Climatic Change
Descriptive statistics indicated that respondents disagreed that most of the farmers had adopted

the use of irrigation systems in their farming, that there have been an increase of green house
farming and that most of the families depended on emergence relief operations to supplement
their food supply. They however strongly agreed that there has been greater diversification out of
agriculture by most farmers in this area, that in most of the families, cash is generated elsewhere
while agriculture is semi-subsistence. The further agreed that there has been development of
drought tolerant maize variety that is planted by farmers in the area and that farmers have

adopted to climatic change by changing the planting periods.
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5.3 Conclusions

From the summary of findings the researcher made pertinent conclusions as regards the sublect
under study. The researcher concluded that labour supply was not an important contributor to
adaptation to climatic change. The results indicated an insignificant relationship between labour
supply and adaptation to climatic change. This meant that adaptation to climatic change was not
in any way affected by labour supply. The researcher further concluded that agricultural
extension services have a negative influence on adaptation to climatic change. The findings
indicated a weak negative significant relationship between agricultural extension services and
adaptation to climatic change. This could be interpreted to mean that, the information they
receive does not lead to positive results and therefore does not help them in adapting to climating
change. These findings contradict the findings of Adesina and Forson (1995) who argued that, of
the many sources of information available to farmers, agricultural extension is the most
important for analyzing the adoption decision. Also, in the specific case of climate change
adaptation, access to climate information may increase the likelihood of uptake of adaptation
techniques.

The researcher further concluded that financial capability also does not influence adaptation to
climatic change. The findings indicated an insignificant negative relationship between financial
capability and adaptation to climatic change. This contravenes observations from other studies
who placed the financial capability as a key determinant of adaptation to climatic change.
Reducing people’s vulnerability to climate change is closely linked to the poverty reduction and
economic development agendas, since poverty is both a condition and a determinant of
vulnerability (Hamill et al., 2008). Effective and sustainable adaptation to climate change in the
long run is therefore dependent on broad-based economic development in which smallholders are

able to move from low return subsistence activities to higher return livelihood activities. This
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study portrayed financial capability being not a determinant of adaptation to climatic change in

this locality.

5.4 Recommendations

The researcher recommended that the government should organize seminars to train farmers on
better farming methods that they can adopt in their farming; this would enhance their production
capacity and lead to better adaptation to climatic change. Further, farmers should seek for
alternative means of enhancing their farming so as to improve on their adaption to climatic apart
from only changing the planting periods. Farmers should try to adapt irrigation systems so that
they grow their maize through the whole period (in season and out of season). This will increase

their production and finally enhance their food security.

5.5 Suggestion for Further Studies

The researcher suggested that this study be replicated in other regions in Kenya for verification
and generalization of this research findings throught the country. He further suggested that future
scholars should focus on other factors contributing to adaptation to climatic changes by farmers.
Finally the researcher suggested that studies should be carried to find out how each of this study

variables singly contribute to adaptation to climatic changes.

56



REFERENCES

Adger WN, Brooks N, Bentham G, Ag- new M, Eriksen S. (2004). New indicators of
vulnerability and adaptive capacity. Rep. 7, Tyndall Cent. Clim. Change Res., Norwich,
UK.

Adger, W., Hug, S., & Brown, K. (2003). Adaptation to climate change in the developing world.
Retrieved from http://pdj.sagepub.com/content/3/3/179.short

Alwang, J., Siegel, P.B., Jorgensen, S.L., (2001). Vulnerability as Viewed from Different
Disciplines. World Bank, Washington.

Beardshaw, Joh (2001) Economics. A student 5th Edition, Financial Times, Prentice Hall,
Pearson Education

Benhin, J.K.A. (2006). Climate change and South Africa agriculture: impacts and adaptation
options. CEEPA Discussion Paper No. 21. Centre for Environmental Economics and
Policy in Africa. Pretoria, South Africa: University of Pretoria.

Betty W.K. (2005). “Technical efficiency in Kenya’s Maize production: Application of the
Stochastic Frontier Approach.” Unpublished Msc. Thesis, Colorado State University.

Bohle, H.G., Downing, T.E. and Watts, M.J. (1994). ‘Climate change and social vulnerability’,
Gl. Envir. Change 4(1), 37-48.

Bojnec, S. & Dries, L. (2005), "Causes of Changes in Agricultural Employment in Slovenia:
Evidence from Micro-data”, Journal of Agricultural Economics, Vol. 56, No. 3, pp. 399-
416.

Bojnec, S., Dries, L. & Swinnen, J.F.M. (2003), "Human Capital and Labor Flows Out of the
Agricultural Sector: Evidence from Slovenia"”, Conference Proceedings of International
Association of Agricultural Economists, 2003 Annual Meeting, August 16-23, Durban,
South Africa, pp. 649-654.

Breustedt, G. & Glauben, T. (2007), "Driving Forces Behind Exiting From Farming in Western
Europe", Journal of Agricultural Economics, Vol. 58, No. 1, pp. 115-127.

Brooks, N., (2003). Vulnerability, Risk and Adaptation: A Conceptual Framework. Working
Paper 38, Tyndall Centre for Climate Change Research, University of East Anglia,
Norwich.

Brooks, N., Adger, W.N., Kelly, P.M., (2005). The determinants of vulnerability and adaptive
capacity at the national level and the implications for adaptation. Global Environmental
Change 15, 151-163.

Bryceson D (2000) Rural Africa at the crossroads: livelihood practices and policies. In: Natural
resource perspective, vol 52. Overseas Development Institute, London.

57



Byerlee D, Echeverria R (eds) (2002) Agricultural research policy in an era of privatization.
CABI Publishing, Wallingford

Capitanio, F. (2008). Risk Management through Insurance and Environmental Externalities from
Agricultural Input Use: an Italian Case Study, Paper Prepared for the 109th EAAE
Seminar. Virtebo, Italy,

Challinor, A., Wheeler, T., & Garforth, C. (2007). Assessing the vulnerability of food crop
systems in Africa to climate change. Climatic change. Retrieved from
http://link.springer.com/article/10.1007/s10584-007-9249-0

Chinvanno S, S. Souvannalath, B. Lersupavithnapa, V. Kerdsuk, and TTH Nguyen. (2008).
Strategies for managing climate risks in the Lower Mekong River Basin: a
placebasedapproach. In: Leary N, Adejuwon J, Barros V, Burton I, Kulkarni J, Lasco R
(eds.) Climate change and adaptation. Earthscan, London, pp. 228-246

Clover, J. (2003). Food security in sub-Saharan Africa. African Secur. Rev. 12: 1-11. Comfort,
L.,Wisner, B., Cutter, S., Pulwarty, R. et al.: 1999, ‘Reframing disaster policy: the global
evolution of vulnerable communities’, Envir. Hazards 1, 39-44.

Commission for Africa (2005) Our common interest: report of the commission for Africa.
Department for International Development, London.

Cooper P (2004) Coping with climatic variability and adapting to climate change: rural water
management in dry-land areas. International Development Research Centre, London

Cooper, P., Dimes, J., & Rao, K. (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,  Ecosystems .... Retrieved from
http://www.sciencedirect.com/science/article/pii/S0167880908000145

Coppola E, Giorgi F (2005) Climate change in tropical regions from high-resolution time-slice
AGCM experiments. Q J R Meteorol Soc 131(612):3123-3145

Deressa, T., Hassan, R.M., Ringler, C., Alemu, T. and Yesuf, M., (2009). ‘Determinants of
farmers’ choice of adaptation methods to climate change in the Nile Basin of Ethiopia.
Global Environmental’, Global Environmental Change 19 (2): 248-255.

Dershem, L. & Gzirishvili, D.: (1998). ‘Informal social support networks and household
vulnerabil- ity: Empirical findings from Georgia’, World Devel. 26, 1827-1838.

Dessali, S., Adger, W.N., Hulme, M., Ko™ hler, J., Turnpenny, J., Warren, R., (2003). Defining
and Experiencing Dangerous Climate Change. Working Paper 28, Tyndall Centre for
Climate Change Research, University of East Anglia, Norwich.

Devereux, S., and Maxwell, S., Eds. (2001). Food security in sub-Saharan Africa. London, UK:
Intermediate Technology Development Group Publishing.

58



Dilley, M., (2000). ‘Reducing vulnerability to climate variability in southern Africa: the growing
role of climate information’, Climatic Change 45, 63-73.

Dolan, A.H., Smit, B., Skinner, M.W., Bradshaw, B., Bryant, C.R., (2001). Adaptation to
Climate Change in Agriculture: Evaluation of Options. Department of Geography,
Guelph.

Dore MHI (2005) Climate change and changes in global precipitation patterns: what do we
know? Environ Int 31(8):1167-1181

Dow, K., (1992). ‘Exploring differences in our common futures(s): The meaning of vulnerability
to global environmental change’, Geoforum 23, 417-436.

Downing, T., (1991). Vulnerability to hunger in Africa: a climate change perspective. Global
Environmental Change 1, 365-380

Easterling, W. Aggarwal, P. Batima, P. Brander, K. Erda, L. Howden, M. Kirilenko, A. Morton,
J. Soussana, J. F. Schmidhuber, J. and Tubiello, F. (2007). Food Fibre and Forest
Products. In “Climate Change 2007: Impacts, Adaptation and Vulnerability” (M.L.
Oarry, O.F. Canziani, J. P. Palutikof, P. J., van der Lindin, and C.E. Hanson, Eds.). pp
273-313, Cambridge University Press, Cambridge, UK.

Ellis F, Bahiigwa G (2002) Livelihoods and rural poverty reduction in Uganda. World Dev
31(6):997-1013

Enete, A.A. and Achike, I..A (2008). Urban Agriculture and Food Insecurity/Poverty in Nigeria;
the case of Ohafia-Southeast Nigeria. Outlook on agriculture vol. 37, No 2, pp 131-134.

Fankhauser, S., (1998). The Costs of Adapting to Climate Change. GEF Working Paper 16, The
Global Environmental Facility, Washington.

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

FAO (2003) World Agriculture toward 2015/2030. An FAQO Perspective, Rome.

FAOSTAT. (2010) Food and Agricultural Organization of the United Nations (FAO), FAO
Statistical Database, 2010, from http://faostat.fao.org

Feenstra, J.F., Burton, I., Smith, J.B., Tol, R.S.J., (1998). Handbook on Methods for Climate
Change Impact Assessment and Adaptation Strategies. UNEP/Vrije Universiteit,
Amsterdam.

Food and Agricultural Organisation. (2000). Guidelines for national FIVIMS: Background and
principles. Rome: Food and Agriculture Organisation.

59


http://faostat.fao.org/

Ford, J., Smit, B., (2004). A framework for assessing the vulnerability of communities in the
Canadian Arctic to risks associated with climate change. Arctic 57, 389-400.

Fraser, E., Mabee, W., Slaymaker, O., (2003). Mutual vulnerability, mutual dependence: the
reflective notion between human society and the environment. Global Environmental
Change 13, 137-144.

Gittell, R.J., Vidal, A., (1998). Community Organizing: Building Social Capital as a
Development Strategy. Sage, Thousand Oaks.

Glewwe, P. and Hall, G., (1998). ‘Are some groups more vulnerable to macroeconomic shocks
than others? Hypothesis tests based on panel data from Peru’, J. Devel. Econ. 56, 181—
206.

Goodwin, B.K. & Holt, M.T. (2002), "Parametric and Semiparametric Modeling of the Off-Farm
Labor Supply of Agrarian Households in Transition Bulgaria”, American Journal of
Agricultural Economics, Vol. 84, No. 1, pp. 184-209.

Government of Kenya (GoK) (2010). Agricultural Sector Development Strategy, Nairobi,
Government Printer.

Greene, WH. (2003). Econometric analysis. Fifth edition. Prentice Hall, New Jersey.

Greene, William H. (2000). Econometric Analysis. Fourth edition ed. Upper Saddle River,NJ:
Prentice Hall.

Gregory PJ, Ingram JSI, Brklacich M (2005) Climate change and food security. Philos Trans R
Soc Lond, B 360(1463):2139-2148

Haimes, Y.Y., (2004). Risk Modeling, Assessment, and Management. Wiley, Hoboken.

Hammill, A., Mathew, R., and McCarter, E., (2008). ‘Microfinance and Climate Change
Adaptation’, IDS Bulletin 39(4)113-122.

Hausman, J and McFadden, D. (1984). Specification tests for the multinomial logit model.
Econometrica 52 (5): 1219-40.

Hausman, J and Wise, D. (1978). A conditional probit model for qualitative choice: Discrete
decisions recognizing interdependence and heterogeneous preferences. Econometrica 46:
403-26.

Heisey, P. W., and Edmeades, G.O. (1999). Maize Production in Drought-Stressed
Environments: Technical Options and Research Resource Allocation. Part 1 of CIMMYT
1997/1998 World Facts and Trends; Maize Production in Drought-Stressed 40

Hewitt, K. (1997). Regions of risk: a geographical introduction to disasters. Harlow: Longman.

60



Huffman, W.E. (1977), "Interactions Between Farm and Nonfarm Labor Markets”, American
Journal of Agricultural Economics, Vol. 59, No. 5, pp. 1054-1061.

Huntingford C, Hugo Lambert F, Gash JHC, Taylor CM, Challinor AJ (2005), Aspects of climate
change prediction relevant to crop productivity. Philos Trans R Soc Lond, B
360(1463):1999-2010

11ISD (International Institute for Sustainable Development). (2006). Understanding adaptation to
climate change in developing countries. http://www.iisd.org. Accessed November 20,
2006.

11SD., (2003). Livelihoods and Climate Change: Combining disaster risk reduction, natural
resource management and climate change adaptation in a new approach to the reduction
of rural poverty. IUCN-1ISD-SEI-IC Task Force on Climate Change. 1I1SD, pp. 24.

Intergovernmental Panel on Climate Change (IPCC), (2001). Climate Change 2001: Impacts,
Adaptation and Vulnerability. A Contribution of the Working Group Il to the Third
Assessment Report of the Intergovernmental Panel on Climate Change (eds. McCarthy,
JJ., O.F. Canziani, N.A. Leary, D.J. Dokken and K.S. White). Cambridge University
Press, UK.

International Institute for Sustainable Development (1ISD). (2007). Community based adaptation
to climate change Bulletin. A Summary of the Second International Workshop on
Community-Based Adaptation to Climate Change. 11SD Reporting Services.

IPCC (2001a): Climate change: the scientific basis. Contribution of Working Group | to The
Third Assessment Report of the IPCC. Cambridge: Cambridge University Press.

IPCC (2001b): Climate change: impacts, adap- tation and vulnerability. Cambridge: Cambridge
University Press.

IPCC, (2007) Fourth Assessment Report: Synthesis.

Jayne, T.S., Yamano, T., Weber, M.T., Tschirley, D., Benfica, R., Chapoto, A., Zulu, B., (2003).
Smallholder income and land distribution in Africa: implications for poverty reduction
strategies. Food Policy 28, 253-275.

Johnson, T.G. (1991), "The Market for Farm Family Labor" in Multiple Job-Holding Among
Farm Families, eds. M.C. Hallberg, J.L. Findeis & D.A. Lass, Ames, 10: lowa State
University Press.

Kamau, MW, (2007). Farm household allocative efficiency: A multi-dimensional perspective of
labour use in western Kenya. PhD Thesis, Development Economics Group, Wageningen
University, The Netherlands.

Kancs, d., Swinnen, J.F.M. & Vranken, L. (2009), Rural Labour Markets in Transition.

61



Kandlinkar, M and Risbey, J., (2000). Agricultural impacts of climate change: If adaptation is
the answer, what is the question? Climatic Change, Vol 45:529-39.

Kandlinkar, M. and J. Risbey. (2000). Agricultural impacts of climate change: if adaptation is the
answer, what is the question? Climatic Change 45: 529-539.

Kates, R.W., (2000). Cautionary tales: adaptation and the global poor. Climatic Change 45, 5-
17.

Kelly, P. M., & W. N. Adger. (2000). Theory and practice in assessing vulnerability to climate
change and facilitating adaptation. Climatic Change 47:325-352.

Keskitalo, E.C.H., (2004). A framework for multi-level stakeholder studies in response to global
change. Local Environment 9, 425-435.

Klein, R.J.T., Nicholls, R.J., Mimura, N., (1999). Coastal adaptation to climate change: can the
IPCC Technical Guidelines be applied? Mitigation and Adaptation Strategies for Global
Change 4, 239-252.

Kristjanson, P., Neufeldt, H., Gassner, A., Mango, J., Kyazze, F.B., Desta, S., Sayula, G.,
Thiede, B., Forch, 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

Liverman, D.M., (1990). ‘Drought impacts in Mexico: Climate, agriculture, technology, and
land tenure in Sonora and Puebla’, Ann. Assoc. Am. Geogr. 80(49-72).

Liverman, D.M., (1994). ‘Vulnerability to global environmental change’, in S.L. Cutter (ed.),
Environmental Risks and Hazards, New Jersey, Prentice Hall.

Mano, R., and C. Nhemachena. (2006). Assessment of the economic impacts of climate change
on agriculture in Zimbabwe: a Ricardian approach. CEEPA Discussion Paper No. 11.
Centre for Environmental Economics and Policy in Africa. Pretoria, South Africa:
University of Pretoria.

Manvell A (2005) Sahelian action spaces: an examination of livelihood configuration in a rural
Hausa community. In: Development Studies Association annual conference, Milton
Keynes.

Mark, W.R., E. Mandy, Y. Gary, B. Lan, H. Saleemul and V.S. Rowena. (2008). Climate change
and agriculture: Threats and opportunities. Federal Ministry for Economic Cooperation
and Development, Germany.

McConnell, W. J., and E. F. Moran, Eds. (2000). Meeting in the Middle: The Challenge of Meso-
Level Integration. LUCC Report Series No. 5. International Workshop on the
Harmonization of Land Use and Land Cover Classification. Ispra, Italy. Bloomington:
Indiana University. 62 pp.

62



Mendelsohn, R., Morrison, W., Schlesinger, M.E., Andronova, N.G., (2000). Country-specific
market impacts of climate change. Climatic Change 45, 553-569.

Mmbengwa VM (2009). Capacity building strategies for sustainable farming SMMEs in South
Africa, PhD (Agricultural Economics) Dissertation, University of the free state,
Bloemfontein.

Morduch, J., Sharma, M., (2002). Strengthening public safety nets from the bottom up.
Development Policy Review 20, 569-588.

Moser, C.O.N., (1998). ‘The asset vulnerability framework: Reassessing urban poverty reduction
strategies’, World Devel. 26(1), 1-19.

Moss, S., Pahl-Wostl, C., Downing, T., (2001). Agent-based integrated assessment modelling:
the example of climate change. Integrated Assessment 2, 17-30.

Multi Disciplinary Team (MDT) (2012). Report on status of Maize Lethal Necrosis Disease and
General Maize Performance, Stakeholders Maize tour Report

Nhemachena C (2008). Agriculture and future climate dynamics in Africa: Impacts and
adaptation options. PhD Thesis. Department of Agricultural economics, extension and
rural development. University of Pretoria.

Nhemachena C.; and Hassan, R. (2007). Micro-Level Analysis of Farmers’ Adaptation to
Climate Change in Southern Africa. IFPRI Discussion Paper No. 00714. International
Food Policy Research Institute. Washington DC.

Niang-Diop, 1., Bosch, H., (2004). Formulating an adaptation strategy. In: Lim, B., Spanger-
Siegfried, E. (Eds.), Adaptation Policy Frame- works for Climate Change: Developing
Strategies, Policies and Measures. Cambridge University Press, Cambridge.

Norton G.W. Alwag J. Masters (2006) Economics of Agricultural Development

O’Brien, K., Erikson, S., Schjolden, A., Nygaard, L., (2004b). What's in a word? Conflicting
interpretations of vulnerability in climate change research. CICERO Working Paper
2004:04, Oslo, Norway.

O’Brien, K., Leichenko, R., Kelkar, U., Venema, H., Aandahl, G., Tompkins, H., Javed, A.,
Bhadwal, S., Barg, S., Nygaard, L., West, J., (2004a). Mapping vulnerability to multiple
stressors: climate change and globalization in India. Global Environmental Change 14,
303-313.

Owuor, B. B. (2010). The Maize Subsector in Kenya: Mending the Granary.

Pahl-Wostl, C., (2002). Participative and stakeholder-based policy design, evaluation and
modeling processes. Integrated Assessment 3, 3—-14.

63



Parry M, Fischer G, Livermore M, Rosenzweig C, Iglesias A (1999) Climate change and world
food security: a new assessment. Global Environmental Change 9:551-567

Parry, M., (2002). Scenarios for climate impact and adaptation assessment. Global
Environmental Change 12, 149-153.

Parry, M., Arnell, N., McMichael, T., Nicholls, R., Martens, P., Kovats, S., Livermore, M.,
Rosenzweig, C., Iglesias, A., Fischer, G., (2001). Millions at risk: defining critical
climate change threats and targets. Global Environmental Change 11, 181-183.

Percy R (2005) The contribution of transformative learning theory to the practice of
participatory research and extension: Theoretical reflections. Agric Human Values
22(2):127-136

Perry, A.H., and L. J. Symons. (1994). The wind hazard in the British Isles and its effects on
transportation, J Trans. Geogr. 2:122-130.

Pettengell C., (2010). Climate Change Adaptation: Enabling people living in poverty to adapt
(Oxfam International Research Report). Oxfam International, Oxford, UK.

Pielke, R.A.J., (1998). Rethinking the role of adaptation in climate policy. Global Environmental
Change 8, 159-170.

Rayner, S., Malone, E.L., (2001). Climate change, poverty, and inter- generational equity: the
national level. International Journal of Global Environmental Issues 1, 175—202.

Reilly, J.M. and Schimmelpfenning, D., (1999). ‘Agricultural impact assessment, vulnerability,
and the scope for adaptation’, Clim. Change 42, 745-748.

Ribot, J.C., Magalhaes, A.R. and Panagides, S.S., editors, (1996). Climate variability, climate
change and social vulnerability in the semi-arid Tropics. Cambridge: Cambridge
University Press.

Rivera W, Alex G (eds) (2004) Extension reform and rural development: case studies of
international initiatives. Five volumes. World Bank, Washington (available on line)

SEI (2009). The economics of climate change in Kenya. Stockholm Environment Institute -
Project Report.

Sen, A.K. (1999). Development as freedom. Oxford: Oxford University Press.

Smit, B., & Wandel, J. (2006). Adaptation, adaptive capacity and vulnerability. Global
environmental change.

Smit, B., Burton, I., Klein, R.,Wandel, J., (2000). An anatomy of adaptation to climate change
and variability. Climatic Change 45, 223-251.

64



Smit, B., Pilifosova, O., (2001). Adaptation to Climate Change in the Context of Sustainable
Development and Equity. Chapter 18 in Climate Change 2001: Impacts, Adaptation, and
Vulnerability— Contribution of Working Group 1l to the Third Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge,
UK.

Smith, J.B., Ragland, S.E., Pitts, G.J., (1998). A process for evaluating anticipatory adaptation
measures for climate change. Water, Air and Soil Pollution 92, 229-238.

Sutherland, K., Smit, B., Wulf, V., Nakalevu, T., (2005). Vulnerability in Samoa. Tiempo 54,
11-15.

Teklu, T., (1992). ‘Household responses to declining food entitlement: The experience in western
Sudan’, Quart. J. Int. Agric. 31(3), 247-261.

Thornton, P. K., Jones, P. G., Alagarswamy, G., Andersen, J. (2009). Spatial variation of crop
yield response to climate change in East Africa. Global Environmental Change 19, 54-
65.

Tompkins, E.L., Adger, W.N., (2004). Does adaptive management of natural resources enhance
resilience to climate change? Ecology and Society 9, 10

Tongruksawattana, S., (2013). Adaptation to Climate Change under Poverty, Food Security and
Gender perspective of Rural Mixed Farming-Legume Farmers in Kenya. Invited paper
presented at the 4™ international conference of the African Association of Agricultural
Economists, September 22- 25, Hammamet, Tunisia.

Tse, YK, (1987). A diagnostic test for the multinomial logit model. Journal of Business
University of Pretoria.

Tubiello, F.N., Donatelli, M., Rosenzweig, C., Stockle, C.O., (2000). Effects of climate change
and elevated CO2 on cropping systems: model predictions at two Italian locations.
European Journal of Agronomy 13, 179-189.

UNEP: (2000). Climate Change Vulnerability: Linking Impacts and Adaptation, United Nations
Environment Programme, with: Environmental Change Institute, University of Oxford,
UK; Bangladesh Centre for Advanced Studies, Dhaka, Bangladesh; Adaptation and
Impacts Research Group, Environment Canada; Sustainable Development Research
Institute, University of British Columbia, Vancouver BC, Canada; Battelle Pacific
Northwest Laboratory, Washington, D. C., U.S.A.; and ENDA, Dakar, Senegal.

UNFCCC (United Nations Framework Convention on Climate Change) (2008). Challenges and
Opportunities for Mitigation and Adaptation in the Agricultural Sector: Technical Paper,
http://unfccc/resource/docs/2008/tp/08.pdf. [Accessed: 15 September 2010].

65



United States Agency for International Development. (1992). Policy Determination 19:
Definition of Food Security. Washington, D.C.: United States Agency for International
Development.

United States, 1940-85", American Journal of Agricultural Economics, Vol. 72, No. 3, pp. 567-
573.

Van Herck, K. (2009), Deliverable 7.4: A Comparative Analysis of Rural Labour Markets.

Verdin J, Funk C, Senay G, Choularton R (2005) Climate science and famine early warning.
Philos Trans R Soc Lond, B 360(1463):2155-2168

Vogel, C. and J. Smith. (2002). The politics of scarcity: conceptualizing the current food security
crisis in southern Africa. S. African J. Sci. 98:315-317.

Watts, M.J. and Bohle, H.G. (1993). The space of vulnerability: the causal structure of hunger
and famine. Progress in Human Geography 17, 43-67.

Webb, P. and Reardon, T., (1992), ‘Drought impact and household response in east and west
Africa’, Quart. J. Int. Agric. 31(3), 230-246.

Winters, P., R. Murgai, A. de Janvry, E. Sadoulet, and G. Frisvold. (1999). Climate change and

agriculture: effects on developing countries. In: Global environmental change and
agriculture, Frisvold, G. and B. Kuhn, Eds.. Cheltenham, UK: Edward Elgar Publishers.

66



APPENDICES

Appendix 1: Letter of Introduction

Good day! My name is John Walubengo Wamalwa a Masters student at the University of
Nairobi. I am carrying out a study on climate change and survival techniques of farmers in Maize
production in this area. Through random sampling, your household has been selected for the
study. Kindly spare your time for this noble exercise. | assure you that whatever we discuss was

treated with utmost confidence.

Thank you.
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Appendix 11: Research Questionnaire

This questionnaire is aimed at collecting data to facilitate the study titled: Determinants of
smallholder maize farmers’ adaptation strategies to climate change in Bahati Sub-County,
Nakuru County, Kenya. The questionnaire forms an integral part of the study and the
respondents are kindly requested to complete and give any additional information they feel is
necessary for the study. The researcher will uphold utmost integrity and ethics by ensuring that
the data collected was absolutely for academic purpose and was treated with strict

confidentiality.
Section A: Background Information
1. Age
Between 25 — 30yrs [ ] Between 31 — 40yrs [ ]

Above 41 yrs[ ]

2. Highest level of education attained

Master [ ] Degree L]
Diploma[_] Secondary [ ]
Primary ]

3. Number of years as a farmer in Bahati Sub-County, Nakuru County
1-5yrs[ ] 6 — 10yrs[ ]

11 - 15yrs[ ] Above 16yrs[ |
4. How big is your Maize farm

Ya-1Hac[ ] 2-5Hac[ ]

6 - 10 Hac[ | Above 10 Hac[_]

6. What is the percentage of Maize production surplus

25% ] 50% ] 75% [ 100% []
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SECTION B:
This section contains statements provided on a likert scale as regards to the various variables
under study. Kindly use the scale provided to indicate your level of agreement with the

statements.

Labour Supply and Adaptation Strategies to Climate Change
Use the following scale to indicate the level to which you agree with the following statements as
regards labour supply and adaptation strategies to climatic change.

1-Strongly Disagree (SD) 2-Disagree (D) 3-Not Sure(U) 4-Agree (A) 5 Strongly Agree (SA)

Statement 1112|3415

1 | We entirely utilize family labour in our farming activities

2 | We lack skilled labour in conducting our farming activities

3 | Availability of sufficient labour have enabled us adopt to new farming

mechanisms

4 | We lack the financial capacity to employ hired labour in our farms

5 | Most people prefer non farming employment rather than farm employment

6 | With increased exposure to urban centers, more energetic young labourers

have vacated farming

7 | Agriculture remains a major source of income in this area
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Agricultural Extension Services and Adaptation Strategies to Climate Change
Use the following scale to indicate the level to which you agree with the following statements as
regards presence of agricultural extension services and adaptation strategies to climatic change.

1-Strongly Disagree (SD) 2-Disagree (D) 3-Not Sure(U) 4-Agree (A) 5 Strongly Agree (SA)

Statement 1(2|3|415

1 | We frequently get agricultural extension services in our farming

2 | Through extension services, we get up to-date information on climatic

changes

3 | Through extension services, we have been able to improve our farming

methods

4 | We find the agricultural extension officers more knowledgeable in farming

activities

5 | We have improved the profitability of our firms due to information

received from extension services

6 | Through extension services, we are able to cushion ourselves from harsh

weather conditions

7 | There is the existence of farmer to farmer extension services

Financial Capability and Adaptation Strategies to Climate Change
Use the following scale to indicate the level to which you agree with the following statements as

regards financial capability and adaptation strategies to climatic change.
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1-Strongly Disagree (SD) 2-Disagree (D) 3-Not Sure(U) 4-Agree (A) 5 Strongly Agree (SA)

Statement 1 (2|3 (4|5

1 | Most of the farmers in this area practice subsistence farming due to

financial constraints

2 | Farmers are able to increase their acreage due to financial empowerment

3 | Farmers have access to credit facilities that enhances their farming

efficiency

4 | Due to insufficient funds, farmers are unable to utilize useful

information in farming

5 | Farmers just limit themselves to their household resources instead of

expensive sophisticated farming methods

6 | Lack of money hinders farmers from getting the necessary resources

requires to improve their farming

7 | Due to unimproved farming methods, farmers are unable to realize

sufficient profits in their farms

Adaptation to climatic change
Use the following scale to indicate the level to which you agree with the following statements as
regards adaptation strategies to climatic change.

1-Strongly Disagree (SD) 2-Disagree (D) 3-Not Sure (U) 4-Agree (A) 5 Strongly Agree (SA)
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Statement

1 | There has been greater diversification out of agriculture by most farmers in
this area.

2 | In most of the families, cash is generated elsewhere while agriculture is
semi-subsistence

3 | Most of the farmers have adopted the use of irrigation systems in their
farming

4 | There has been an increase of green house farming in this area

5 | Most of the families depend on emergence relief operations to supplement
their food supply

6 | There has been development of drought tolerant maize variety that is
planted by farmers in the area.

7 | Farmers have adapted to climatic change by changing the planting periods
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Appendix 11

Table 2: Krejcie and Morgan (1970)

N n N n

10 10 180 123
15 14 190 127
20 19 200 132
25 24 210 136
30 28 220 140
35 32 230 144
40 36 240 148
45 40 250 152
50 44 260 155
55 48 270 159
60 52 280 162
65 56 290 165
70 59 300 169
75 63 320 175
80 66 340 181
85 70 360 186
90 73 380 181
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95 76
100 80
110 86
120 92
130 97
140 103
150 108
160 113
170 118

400 196
420 201
440 205
460 210
480 214
500 217
550 225
600 234
650 242
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