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ABSTRACT

Climate variability and its impact on people’s livelihood is a contemporary issue being
discussed globally. The livelihoods of communities residing in Kenya's rural areas depend
heavily on crop growing. For the optimum crop output, the sector is largely dependent on
climatic factors like temperature and rainfall. Small holder farmers have applied several
adaptation strategies to deal with varying rainfall and temperature patterns to maintain and
improve key crop output. This study assessed the adaptation strategies adopted by the small-
scale farmers to mitigate the effects of climate variability on their crop farming and output.
The study adopted the Ricardian Model of using the primary and secondary data to assess and
evaluate the effects of weather variability on agricultural output and adaptation. To achieve
this objective, the study examined a 21 year mean annual rainfall and the temperature
patterns from 1999 to 2019 and their influence on selected crop output (Maize and Irish
potatoes). The study assessed and evaluated the effectiveness of adaptation strategies
employed as well as the socio-economic factors influencing adaptation strategies in
improving selected crop output. Frequencies of means, Pearson correlation, linear, multiple
and the multinomial regression techniques were applied to analyse the data. The study found
that rainfall variability significantly influenced about 50% of changes in maize crop output,
but could not explain 91% of variation in Irish potato output. Maize output varied
significantly between 1999 and 2019, with an average of 29,145.76 tonnes. Irish potato
output showed increased trends, but output in tonnes also varied over the years. The study
found minimal relationships between temperature changes and maize and potato output. The
study rejected the null hypothesis that rainfall and temperature variability did not
significantly impact crop farming in Nyandarua County. The study found that crop
diversification was the most preferred form of adaptation, followed by planting new crops
and adjusting planting dates. Income level positively influenced farmers' choice of crop
diversification ($=0.067), while household head's education positively influenced shifting
planting dates (B=.329). Land size and farming system negatively influenced farmers' key
adaptation strategies (f=-0.091, p=-0.018). The hypothesis that socio economic factors do not
influence the adaptation strategies adopted by small scale farmers was rejected. The empirical
crop output model confirmed the respondents' and key informants' views that the adaptation
strategies applied within 21 years were effective in maintaining and improving the crop
yields. Multinomial logistic regression established that adoption of crop diversification and
application of new crop variety were effective in increasing crop output (Exp (B) =1.981, Exp
(B) =1.292, respectively). The study concluded that the primary strategy for maintaining a
high crop output lies in bridging the gap of adaptation knowledge between the farmers’ and
the policy makers. The study recommends a continuous formulation and monitoring of the
effectiveness of sustainable adaptations based on regional climate variability patterns, socio-
economic considerations, existing government policies and spatial ecological environments.
Research suggests that further study in Nyandarua County is needed to understand the
interrelationship between climatic and agricultural factors, the costs of adaptation measures
for smallholder farmers, and the impact of other agronomic factors.
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CHAPTER ONE

INTRODUCTION

1.1 Background to the study;

Climate variability is the disparities in the means, totals, and other information such as
coefficient of variance and standard deviation of climate variables for instance, temperature and
rainfall observed for a shorter period, approximately 10-20 years (Luers & Moser, 2006).
Climate variability may be brought about by variations in anthropogenic forces or internal
natural mechanisms within the climate system (Selvaraju & Baas, 2007). Climate variability is a
global problem that negatively affects people's livelihoods and weakens the systems of
eradicating hunger and environmental sustainability (World Economic Forum, 2017). The
devastating influence of climate variations on crops farming is a critical challenge that
developing countries must deal with in this 21% century (IPCC, 2014). The climate change effect
is great because crop output and productivity are highly reliant on climatic conditions that expose
the sector to impacts of climate variability, further increasing adaptation costs (EU, 2014).

Globally, agriculture, especially crop farming, account for 24% of the entire world's gross output
(Slater et al., 2007). Crop farming provides a source of livelihood to approximately 60% of sub
Saharan Africa's labour force, contributes to about 17% of the Africa's total GDP, and also
accounts for over 40% of its foreign income abroad (Harsch, 2015). The Kenyan economy
greatly depends on rain-fed agriculture, mainly by cultivating crops susceptible to climate
variabilities (Myers et al.,2017). In Kenya, climate variability has been associated with extensive
negative effects on crop farming. This is because most small-scale farmers in Kenya depend
entirely on rain-dependent agriculture. Indeed, above 75% of Kenya's population rely on crop
agricultural activity for subsistence in food and livelihood income. This agricultural sector

indeed contributes 60% to foreign exchange income and 26% to the GDP (Perret, 2006).



Statistics provided by the Meteorological Department of Kenya show that the climate of
Nyandarua has been changing over the years. Likewise, the Ministry of Agriculture statistics
reveal that crop output has also varied over time. The variation in crop output is perceived to

be highly influenced by changes in climate and, to a lesser extent, other factors such as
agronomical practices, seed varieties, market forces, diseases and pests, and loss of soil
fertility (Mirzabaev, 2017).

Among the key negative impacts of climate variabilites and changes on crop farming is reduced
crop yields and earnings (Fosu Mensah et al., 2012). According to Jobe et al.,(2020), adaptation
strategies can increase the resilience of small scale farmers to climatic variability and, therefore,
lower their vulnerability. However, costs and adaptations to climate variability are increasing due
to changing agricultural systems in response to various determinants. These determinants include
age and gender disparity, education and income level, land size and ownership, etc. The ability
of small-scale farmers to adapt the impacts of climate variability is controlled by these factors
(Lobel et al., 2012). These factors may encourage small scale farmers to respond and adjust
effectively to climate variability and increase crop output (Mabe & Asase 2020).

On the other hand, these factors may also reduce farmers' adaptation capacity, making them more
vulnerable. The anticipated rapid rate of climate variability requires the present testing of
adaptive capacity. Climate variability is expected to present an intensified risk, especially to food
security, particularly to the small holder farmers in Kenya because of their over-reliance on rain-
dependent crop farming (WHO, 2018).

In Nyandarua County, the temperature variation trend has been on the rise since 1995, when the
mean temperature was lowest at 21°C, followed by 21.5°C in 1998 and 23°C and 24°C in 2007
and 2013, respectively (Kiarie, 2016). 2016 was the hottest, with a mean temperature of 25°C,
surpassing the record set by 2015 and 2014 earlier of 23°C and 24°C, respectively (Nyoro et al.,

2004). Rainfall patterns and intensities have also been very unreliable and unpredictable. For



example, the mean annual rainfall in Nyandarua County has varied for the last 20 years posting;-
1000mm in 1992, 1600mm in 1996, 700mm in 1998, 900mm in 2000, 600mm in 2004, 1200mm
in 2010 and 900mm in 2013 (Jaetzold et al., 2015).

The agricultural output of some food crops in Nyandarua has also declined over time. Maize
output, for example, has reduced from 54,941 tonnes in 2011 to 21,870 tonnes in 2016. The
output of beans has also reduced from 7,000 tonnes in 2009 to 988 tonnes in 2016. Irish potato
yield dropped from 1,143,955 tonnes in 2011 to 451,290 tonnes in 2016 (Devolution hub, 2018).
The size of cultivated land has also been reduced from 80,331 ha in 2012 to 60,917 ha in 2016.
These two occurrences have reduced the total agricultural earnings of the County from 8,943
million Ksh in 2012 to 4,961 million Ksh in 2016 (Devolution hub, 2018).

Nyandarua County is experiencing significant climate variability, impacting crop output and
rainfall patterns, necessitating small scale farmers to adapt to these extremes.

1.2 Statement of the problem

Preliminary data from the Kenya Meteorological Department indicate an increasing temperature
trend in Nyandarua County. Rainfall intensity and pattern have also changed, becoming very
unreliable and unpredictable. Likewise, data provided by County government under the Ministry
of agriculture reveals that the agricultural output of some crops has been declining. In addition,
the size of cultivatable land in Nyandarua County has also been reduced from 80,331 hectares in
2012 to 60,917 hectares in 2016. Since the leading economic activity and major source of
livelihood in Nyandarua County is crop farming, which is dependent on climatic factors, it was
essential to study and understand the relationships between the climatic variables associated with
rainfall amount and temperature, size of cultivatable land and crops output. The varying trends of
these variables could mean reduced agricultural earnings, loss of livelihoods among small scale

farmers and increased food insecurity among residents of Nyandarua County.



In response to these varying climatic factors and agricultural output variables, relevant planned
adaptations could be the most appropriate responses to address climate variability risks on crop
farming and ensure sustainable crop output (Smit et al., 1999). The adaptation strategies that
farmers have employed have not been assessed, evaluated and documented. In addition, the
existing adaptation strategies could have been seriously influenced by specific environmental
and socio-economic factors (Singh et al., 2020). These factors may have contributed to either
vulnerability or resilience to the negative effect of climate variability. This situation could mean
that the extent in which a household involved in small-scale farming is influenced by climate
variability largely depends on its vulnerability or resilience context comprising of socio
economic features such as age, gender and marital status, size and ownership of land, level of
education and income among the small scale farmers (Rakib & Matz, 2014).

The gap emanating from this relationship is that farmers develop their adaptations in a context of
uncertainty brought about by climate variability. This indicates that farmers' adaptation strategies
must be well guided through research (FAO, 2011). This informs the overall objective of the
current study of assessing, evaluating, and documenting the adaptation practices established by
small-scale farmers against climate variability's impact and examining the extent in which certain
socio economic conditions and situations have influenced the adaptation strategies. This study
adds new knowledge to the developing and evolving and limited empirical evidence about the
relationship between climatic variables, crop farming output, effectiveness of adaptation
strategies and their determinants.

Supported by these statements, it appears that numerous studies on climate changes and
variability have focused on causes and mitigation measures, but there is lack of adequate
research on climatic variability trends in Kenya, its impact on small-scale farmers' food crop
production and adaptations. This study aimed to fill such gaps and provide more insights for the

current and future studies.



1.3 Research questions

Three questions were used to address the gaps highlighted in the problem statement.

1. To what extent has climate variability influenced crop farming (output of maize crop and
Irish potatoes) in Nyandarua?

2. What is the relationship between socio - economic factors of small-scale farmers and the
choices of adaptation strategies for crop farming?

3. What is the effectiveness of the adaptation strategies taken up by small-scale farmers in
response to the climate variability on improving the selected crop output?

1.4 General objective

The primary objective of the study was to assess, evaluate and document the adaptation

strategies implemented by small-scale farmers to counteract the effects of climate variability

on crop production in Nyandarua County.

1.5 Specific objectives
To assess the climate variability of mean annual rainfall and temperature from 1999 to 2019
and its impact on crop farming (maize and Irish potatoes output) in Nyandarua County.
To analyse the influence of socio economic factors on small scale farmers' adaptation
strategies on crop farming to climate variability.
To evaluate the effectiveness of key adaptation strategies on crop farming to climate
variability.

1.6 Hypotheses

The following three hypotheses were presented in this research as a basis for determining the

existing relationships.

Ho Rainfall and Temperature variability does not significantly impact crop farming (maize and

Irish potatoes output) in Nyandarua County.



Ho Socio-economic factors of gender, age, size and ownership of land, level of income and
education do not significantly influence adaptation strategies adopted by small-scale farmers.
Ho Adaptation strategies by small scale farmers to climate variability do not significantly

increase maize and Irish potato output.
1.7 Justification of the Study

Preliminary reviews indicate that the recently reduced crop yields and earnings in Nyandarua
County had been linked with recent climate variability experienced in the region. In this region,
most residents depend on crop agriculture for livelihood, with about 97% actually on rain-
dependent crop farming (Kenga et al., 2005). The overreliance on climatic factors in crop
farming may cause severe consequences on the output and productivity of certain food crops.
This may be due to slight climatic changes like uncertainty in rainfall patterns, amount and
variations in temperature changes (Mainardi, 2020).

Small scale farmers have responded to climate variability's impact in several ways. These
adaptations need to be assessed, evaluated and documented through research. In order to
promote planned adaptations that will enhance crop output and cope up with the influence of
climate variability, there was a need to assess and analyse the influence of other factors
affecting adaptation strategies arrived at by small-scale farmers. This would enhance food
security, promote sustainable crop farming and improve the livelihoods sources of the
farming rural communities (Assan et al., 2020).

The agricultural systems in Nyandarua County of maize and Irish potato crops farming were
fundamental variables considered in determining the relationship between elements of climate
variability, adaptation strategies, and influencing factors. Maize and Irish potatoes were the key
dominant food crops in the entire County, so almost every household engaged in farming had
either of the crops in their farms. These crops are mainly rain-dependent and are sold to earn a

substantial income. Therefore, these crops' yield affects both food security and livelihoods. On



the other hand, climate variability parameters are observed for fewer than 20 years, unlike
climate change, which is observed for an extended period, usually decades. This justified the
need to analyze the climatic data for a period between 15 and 20 years. Moreover, this is the
period in which the County had registered remarkable variations in temperature, rainfall and crop
output.

Nyandarua County, once a major producer of maize, wheat, and Irish potatoes, has experienced a
significant reduction in output due to climate variability, leading to food insecurity. Small scale

farmers are adapting to these changes, requiring effective strategies based on existing research.
1.8 Scope of the study and Limitations

Nyandarua County, located in agricultural ecological zones 3 and 4, is a crucial food basket
in Kenya, with 97% of residents relying on rain-dependent crop farming. The dry region,
particularly in Ndaragwa, is not part of the ASALSs, allowing for easy comparisons between
the different agro-ecological zones within the same county.

The choice of Maize and Irish potatoes was because they are crucial food crops in the county,
generate substantial income for households, impacting food security and livelihoods through
their rain-dependent yields. The study limited itself on the influence of rainfall and
temperature on these two food crops in Nyandarua County. Because of data limitation, the
study failed to consider other expounding climatic variables such as heat energy, crop
management practices, agronomic factors such as the management of postharvest crop losses,
diseases outbreak and pests etc. The study intended to use data on particular climate variables
between 1999 and 2019. This period was considered to capture how climatic variables had
influenced changes in crop output in Nyandarua. The study also confined itself in small scale
crop farmers because they account for about 76.9% of the total population (Kenga et al.,
2005). Large scale farming was not common in Nyandarua because the land had been

extensively subdivided into small pieces.



The researcher anticipated the limitation of cost, time, language barrier, and lack of accurate
records on crop production. The study's cost was high due to the extensive geographical study
area. Traversing the whole study area took a considerably longer time. To address these
limitations, the researcher intended to apply for a study leave and seek funding through
scholarships once the proposal was approved. However a study leave was rejected by the
employer and the researcher failed to secure any scholarship for the study. The language barrier
was experienced in the circumstances when the respondents were unable to interpret the
questionnaires due to low education levels. To address these limitations, the researcher used
trained research assistant and community leaders conversant in the language of the community.
The study encountered an issue in accessing accurate records on crop production for the study
area, mainly relevant to the stipulated duration. However, records obtained from the Kenya
Statistical Bureau (KEBS) and from the County department of agriculture offices provided

reliable secondary crop output data to address the stated problem.
1.9 Definitions of key terms;

-Adaptation is the alteration in human or either natural structures to respond to expected or
actual climatic change and variability or their effect (Parry et al., 2007). In the framework of this
study, it is used to mean an agricultural arrangement to respond to climate variabilities extremes
and its negative impact on selected crop yields.

Climate Change; — The IPCC (2014) defined it as a Long-standing changes in global weather
patterns, explicitly related to variations in rainfall trends and extreme rise in temperature levels.
Long-term climate change can be identified by persistent variations in its means or properties
and typically lasting for decades.

Climate Variability - Climate variability has been defined as disparities in the means, totals, and
much other information such as standard deviation and the coefficients of variance of climatic

variables, for instance, rainfall variations and temperature changes observed for a shorter period



of 10-20 years (Luers & Moser, 2016). In the context of this study, it refers to noted variations in
climate contributed to by variations in recorded temperatures and rainfall due to usual internal
mechanisms inside the climatic systems or changes in human environment and activities.
Households - A group of people staying together within the same compound, sharing specific
roles and facilities such as cooking and investment (KDHS, 2013).

Small scale farmers- Types of farmers practising a combination of subsistence and commercial
production of crops or livestock where family members offer the most labour force as the farm
provides the primary source of income (FAQO, 2011). The study refers the words to describe the
peasant farmer who cultivates crops for subsistence use and, to some extent, sells the excess to

earn income.
1.10 Organization of chapters

This thesis presents at least three publishable manuscripts themes organized into three
chapters. It is guided by three objectives, forming the three critical chapters of results and
analysis. The thesis is organized into eight chapters and opens up by presenting an
introduction in chapter one which sets up the background information of the thesis and
outlines the hypothesis, objectives and research questions. Chapter two presents the literature
review and theoretical framework: The Ricardian theoretical model is adopted to develop the
conceptual framework: Research gaps and the expected knowledge contribution are also
presented in this chapter. It is then followed by chapter three, which presents the study area,
maps and other descriptions. Chapter four presents the quantitative and qualitative research
methodology and inferential and descriptive statistics. Chapter five presents the analysis
output of the results, interpretation, explanation and discussion of the study's findings based
on the initial goal of determining how Nyandarua County's crop farming specifically, the
production of maize and Irish potatoes is impacted by climate variability in mean annual

rainfall and temperature.



Chapter six, on the other hand, presents the findings of the 2" objective, which is the assessment
of the relationships between the socio-economic factors and the adaptation strategies employed
by small-scale farmers as mitigation plans against the incidence of climate variations on crop
farming agriculture. Chapter seven evaluates the effectiveness of adaptation strategies employed
by small-scale farmers against the effects of climates variability on crop farming under the third
objective. Lastly, chapter eight presents the contributions summary and results discussion from

all the three chapters and finally draws out conclusions and recommendations.

10



CHAPTER TWO

LITERATURE REVIEW;
2.1 Introduction

The chapter reviews what other researchers have done that is important to climate variability,
its impact on crop farming and adaptations. The literature review enabled the researcher to
develop new knowledge and skills from the study gaps. A review of the Ricardian theoretical
model was done to develop an appropriate conceptual framework to describe the relationship

and inter linkages between and within the independent factors and dependent variables.
2.2 An outline of climate variability and its impact on crop farming;

Human activities contributing to greenhouse gases have increased for several decades,
especially in the most developed and developing countries (McNamara et al. 2020). These
anthropogenic activities have increased greenhouse gas emissions into the atmosphere. These
greenhouse gases had increased the atmospheric temperature by 0.4% to 0.7% towards the
end of the 20" century; (IPCC, 2011). This global climatic variability has affected crop
farming in several ways. Studies have shown that an increase in temperature may reduce crop
duration by fastening maturity and ripening of some crops (Georgis K. 2010).

Research has shown that an increase in mean temperature beyond a threshold may cause a
decrease in agricultural output (Smit et al., 2000). Further studies have revealed that changes
in the lowest least temperature is more significant than a change in the recorded maximum
temperature (Ojwang et al, 2010). Regarding these effects, a study by Pathak et al. (2012) in
India has revealed that rice harvests declined by 10.0% for each 1% increase in the growing
spell temperatures above 32°%. Similarly, rice productivity in Punjab (India) decreased
significantly by 5.5%, 7.40% and 25.10%, with a rise in temperatures of 1%, 2°¢ and 3c,

respectively, in 2003 (Aggarwal et al., 2009). Referring to Ahmed et al., (2016), the
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precipitation and rainfall patterns tend to change when the atmosphere is heated due to
accumulating temperatures from global warming. Some areas become wetter while others
become drier. This rainfall variation may also negatively affect crop farming (Howden,
2012).

In Africa, the average rainfall has portrayed a decreasing trend of 7mm per year since 2000
(WHO, 2018). Rain reduction is more than ten times that of the Latin and Caribbean
America. The unreliability and decrease in rainfall pose a weighty threat to issues of food
security and livelihood in Africa, for example where nearly 90% of crops agriculture is
dependent on rainfall (WHO, 2018). A study conducted in Africa by IPCC (2011) showed
that 25-42 % of agricultural habitat in Africa could varnish by the year 2020, causing a
reduction in food crops. In Nyandarua County, Kenya, climate variability was likely to
reduce cereal production by about 16 per cent, while 11 per cent of cultivatable land was
likely to be lost within five years (GoK, 2010). Therefore, farming communities, agricultural
and environmental experts and policymakers must develop comprehensive adaptation
measures to address the negative impacts and influences of climate variability and its effect
on agriculture (Ngigi, 2017).

2.3 Climate variability in Kenya and its impact on crop farming

Unique climate patterns have been witnessed in Kenya, with EI Nifio of 1997 and 1998 and
La Nifia of 1999 and 2000 incidents being the most far-reaching in the last two decades
(Downing & Watkiss, 2009). Kenya has broadly experienced increasing mean temperatures
since 1960, averaging at the rate of 0.21°C in one decade, representing a general warming
trend over time. Likewise, yearly peak rainfall from 2014 showed a dropping trend compared
to the long rainfall season recorded from 1960 (GOK, 2018).

Uncertainties in critical climatic variables are a pertinent discourse in several parts of the

world and Kenya in particular regarding their implication on food security and source of
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livelihood (Omoke et al., 2014). Various reports on the climate situation in Kenya
demonstrate the increasing unpredictability of rainfall patterns. Mutunga et al. (2017)
observed similarities between smallholder farmer’s perceptions and the meteorological
indicators of the climatic conditions in Kenya. The Kenya meteorological department had
also indicated a heating trend in the temperatures between 1961 and 2019. Oluoko-Odingo
(2011) noted that an overall general rise in maximum and minimum temperatures of between
0.2-1.3 °C and 0.7-2.0 °C had been recorded between 2000 and 2009. The period recorded
the warmest temperature readings. The challenges affecting small scale and small holder
farmers in Kenya are related to variation in the output of their crops. Climate variability, as
manifested through rainfall unreliability and prolonged drought, is among the top possible
cause of reduced crop output (Mikalitsa, 2010). Concerning the significant crop performances
in Kenya, maize has been the most negatively affected crop in the last two decades (Wambua
etal., 2018).

Kenya's agricultural sector, especially crop farming, has been the mainstay of the entire
country's economy since independence and, therefore, a major source of livelihood for most
Kenyans'. Kenya's agriculture and more so crop farming is most susceptible to the effect of
climate variability because it depends mainly on rainfall and the country's low capacities to
adapt to climate variability effect. Due to climatic variability, rainfall intensity and
distribution have become inadequate and very unreliable. Ojwang’ et al., (2010) detected that
maize harvested in Kenya had been decreasing at an alarming rate over the past five years.
Increasing temperature and changing rainfall patterns were expected to continue in the 21
century. This trend was likely to affect the yields and output of major crops in the country,
contributing to a reduced agricultural crop production, earnings and food security and

livelihood in Kenya (GOK, 2018).
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Kenya's maize cereal production on a small scale contributes to about 75% of the total maize
output production, while large-scale maize output and production contributes to 25%
(Olwande, 2012). New maize varieties respond to different types of agro ecological zones.
For instance, the varieties of highland maize comprise the H625, H626 and H627. These
maize varieties are appropriate for moderate to high altitude areas ranging from 1,500-
2,100m above sea level, with a maximum temperature of 28°C and a minimum of 8°C. These
varieties of maize require rainfall ranging between 800-1,500mm annually. The highland
regions of Kenya like Nyandarua, Nakuru, Transzoia, Uasin Gishu, Kisii, Narok and Kericho
are favoured by the highland maize variety (Schroeder et al., 2013 and The Kenya Seed
Company, 2013).

The Irish potato is mainly cultivated in the cool and moderate-high altitude regions with well-
distributed rainfall. The optimum temperature range is from 16°% to 20°. Temperatures
above 32° result in poor tuber initiation. The Irish potato crop is susceptible to frost.
Therefore, it is essential to protect it by avoiding cropping during the extremely cold period.
The effect of frost destruction on the Irish potato is high between June and July in the central
part of the country. To maturity, the Irish potato requires a minimum of 400mm of well-
distributed rain water. The most appropriate altitude is between 1,500 metres and 2,450
metres above the sea level. The long rain planting is done in October and November, so
harvesting is done in January and February. The short rain potato is planted in the month of
March and harvested in the months of July and August (Schroeder et al., 2013).

2.4 Adaptations to Climate Variability in Crop Farming

Climate variability is a major significant determinant in crop farming (Diiro et al., 2016). The
output of rain-dependent crops often declines due to regional and temporal variability of
climate (Simotwo et al., 2018). Crop farming provides humanity with essential food and

therefore promotes food security. One of the 13 Sustainable Development Goals (SDGs) of
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the United Nations, which was formally accepted in September 2015 and is expected to be
accomplished within the next 15 years, addresses the need to deal with climate variability
(Malik, 2010). The importance of strengthening adaptive capability and resistance to climatic
variability and other natural disasters was highlighted by this goal. Regarding adaptation in
agriculture, the 13" goal was linked to the second objective of eliminating hunger, achieving
100 per cent improved nutrition through food security and promoting sustainable agriculture
(UNFCCC 2018). The implementation of resilient agricultural farming practices that boost
crop productivity, preserve natural ecosystems and strengthen individual and collective
capacity for adjustment and adaptation to the effects climate variability and extreme weather
conditions, and gradually improve land and soil quality are all necessary to achieve this goal.
Sustainable food crop production structures are also necessary. Therefore, the need to
maintain or improve crop output amidst the regional and temporal variability of climate is
clearly expressed and agreed upon internationally (Mutunga et al., 2017).

Adaptations refer to social, economic or ecological adjustments in response to the actual or
either expected climatic factors and their impacts or effects (Deressa et al., 2010). It also
denotes the changes and deviations in practices, specific processes and certain structures to
regulate possible damages from climate change and variability opportunities. In susceptibility
assessments, the magnitude to which natural ecosystems, sustainable development and food
supplies are vulnerable depends on exposure extent to variations in climatic variables and the
ability and possibility of the affected farming structures to adapt (Wambua et al., 2018). In
this respect, adaptation in crop farming is a significant policy in response to the effects of
climate variability. In this case, there is a need to develop, assess and apply some planned
adaptation techniques, measures and strategies to help manage the exposure to climate
variability, especially in agriculture. Adaptation strategies vary according to who undertakes

them, the systems of farming in which they tend happen, the climatic conditions that prompt
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them, and their forms, functions, timing and effects (IPCC, 2007). This study focuses on
adaptation measures deliberately undertaken by small scale farmers involved in crop farming

in a particular region of the country that is food sufficient where crops are rain-dependent.
2.4.1 Types and forms of adaptations based on UNFCCC 2018 classification

Adaptations come in various forms and ways of classifying them. These types of adaptations
have been generally differentiated and classified according to several attributes (Bryant et al.,
2000; Leary, 1999; Feenstra et al., 2015). The frequently used classification patterns are
based on features such as intent to or purposefulness for, action of agents, timing and
historical scopes. The classification of adaptations based on intent, timing, agents, and
temporal scope is crucial for understanding climate change and variability. Spontaneous and
autonomous adaptations occur in a reactive, immediate or delayed response, while planned
adaptations are policy decisions based on the expected change of situations. Two forms of
adaptations are proactive or anticipatory adaptations, which involve long-term decisions and
improving farmers' ability to cope up with future climate variability scenarios, and reactive
adaptations, which are immediate responses to climatic events. Public and private adaptations
are also important, with public adaptations initiated by governments and private adaptations
by individual families or households. Long-term and short-term adaptations are also
important, with some methods being more appropriate in the short term.

2.5 An overview of climate variability adaptations in crop farming

Adaptation and mitigation measures are common reactions to counter climate variability
effects (Doidge, 2020). Rosegrant (2008) suggested that using effective adaptation techniques
could lessen the risks that climate variability poses to human and ecological systems.
Gbetibouo (2010) previously contended that climate variability and change are generally
unfavourable to the agricultural crop-growing industry in the absence of adaptations. Several

studies show that small-scale farmers adapt to climatic variability in a variety of ways to
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counteract its detrimental effects to the farming activities. (Hassan and Nhemachena, (2008);
Fosu Mensah et al., 2012; Apata et al., 2009; Rosegrant 2008; Deressa et al., 2010 and
Gbetibouo, 2010). Pachauri et al. (2015) further found that the adaptation approaches used by
small-holder farmers of South Africa ranged from planting drought-resistant varieties to
diversifying livelihoods such as getting off-farm work or starting businesses and forming
networks such as cooperatives and community farming projects. The current study
anticipated to observe some crop related adaptations in the area that may not have improved
crop yields as expected.

A study by Mburu (2013) in dry region of Yatta District now referred to as Yatta
constituency in Machakos County revealed that small scale farmers engage in various
adaptation measures to climate variability, such as planting drought-resistant crops, rainwater
harvesting, charcoal burning, and sand harvesting etc. The Chi-square technique results
indicated that education levels significantly influenced these adaptation strategies. This study
focused on dry land agriculture, where farmers do not depend so much on rain-fed
agriculture. It failed to examine determinants of adaptation strategies in regions of food
sufficiency like Nyandarua County, which mainly depend on rain-fed agriculture. The current
study sealed this gap and allowed inter-regional comparison regarding climate variability and
adaptation strategies.

A more recent study by Mwangi et al. (2020) has established that staggering planting dates is
an emerging adaptation strategy where small scale farmers isolate the farms by planting some
parts of the farm before the rain start and others after the immediate onset of rain. This
practice helps mitigate the risk of seed loss and the need to reduce the cost of replanting the

whole farm again when crops fail to germinate or develop.
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2.5.1 Crops diversification

Crop diversification may be defined as growing more than one food crop in a specific area.
Crop diversification can be promoted by introducing a new crop variety different from the
original or a complete new cropping system. Therefore, agricultural diversification means
farmers consider other non-farming activities like animal husbandry and livestock keeping as
a source of livelihood or changing the cropping pattern. This practice enables small scale
farmers to increase crop production and output, which helps generate higher levels of income
and livelihoods. Agronomists have described the changing of a cropping pattern as a method
of diversification between non-food and food crops, horticulture and conventional crops, low-
value crops and high-value crops (Otiso et al., 2022). = The emergence of the Golden
revolution (1991-2003) saw the method of diversification flourishing very fast across the
globe. Crop farming diversification is an approach for promoting the well-being of low-
income rural small scale farmers' households. Its positive contribution includes improving
food security, generating more employment opportunities and biodiversity conservation
(Otiso et al., 2022). Mugivane F.I. (2006) highlighted the common feature of food insecurity
among women in Kenya, highlighting their significant role in addressing this issue.

Recently, new prospects for crop diversification have come up, especially for commercial
farmers. The crop diversification method has enabled better flexibility among the farmers,
allowing them to leverage on opportunities brought about by the changing regional and
foreign market conditions. Horizontal diversification enables the farmers to produce different
crops, while vertical diversification enables them to engage in different value addition
activities. This particular adaptation strategy has promoted the incidence of nutritional
balance of people's healthy diet, improving their health status and increasing their capacity to
do work. However, Sub-Saharan Africa's farmers have been unsuccessful in securing the

benefits of crop diversification. This is because of inadequate resources and the lack of
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necessary information and skills to undertake proper crop diversification. Studies have shown

that very few farming units in Kenya can generate sustainable income by adopting

technology for crop yield and increasing or improving the marketing and processing

practices. Likewise, many farming units or regions often focus on planting only a few crops

yearly instead of horizontal production while varying the regions.

2.5.1.1 Benefits of Crop Diversification

The advantages of adopting crop diversification are summarised below

e Harvesting multiple crops from a small farm increases production and consequently
earning a substantial income.

e Crops diversification improves soil fertility in terms of nutrients and to control pests and
diseases.

e It helps farmers not to lose all of their resources, especially when the weather does not
favour crop production, reducing the risk factor.

e Effective adaptation through crop diversification provides additional employment
opportunities in rural and remote areas.

In Kenya, the Irish potato crop is an excellent crop for diversification. The probable reason

for this hypothesis is that many households in the rural areas especially in central region

depend on the crop as a primary or secondary food source. The Irish potato has a shorter

vegetative cycle and is highly flexible because it can be planted and harvested within 100

days. Irish potato is highly productive compared to maize, wheat, and rice. Indeed it produces

more yields per unit area and time. Regarding nutritional value, Irish potatoes are rich in

Vitamin C, Calcium and Protein with a perfect balance of amino acids. The pronounced

adaptability of the Irish potato to almost any altitude and various climates, including the dry

conditions, is another excellent aspect of the crop. The crop is already being cultivated in the

form of wide varieties as primary and off-season crops in different parts of Kenya. The Irish
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potato can be intercropped with many other foods and cash crops in a rotational manner, such
as maize intercropped with Irish Potatoes simultaneously in the same piece of land. The Irish
potato requires less fuel, a short cooking time, and a high possibility of value addition, e.g.
chips and crisps. These reasons make the potato popular with both rural and urban
consumers. Furthermore, the Irish potato crop generates significant employment
opportunities in production, marketing and processing levels. More than 1000 farmers in
Nyandarua County have embraced diversification of high-value crops like new Irish potato
varieties, hybrid maize varieties, grafted avocados, tissue culture bananas, French beans and

cowpeas to realize economic stability instead of relying solely on maize.
2.5.2 Drought-resistant crop varieties

Drought resistance or tolerance has been defined recently as the ability of a crop to maintain
its average biomass production during extreme drought conditions (Ngeno K. and Bebe O.B.,
2013). A crop tolerates drought by responding to specific conditions, e.g. minimizing water
loss and maximizing water uptake. Staple food crops like sorghum, cassava, millet, sweet
potatoes and groundnuts are naturally more drought-resistant than maize. (Speranza, C.I.,

2010).
2.5.2.1 Drought resistant Maize varieties

Planting new drought-resistant and fast-maturing maize varieties is an adaptation strategy that
the smallholder farmers of Kenya are quickly adopting. Like many other small scale farmers
spread across the agricultural counties of Kenya, small scale farmers in Nyandarua County
are gazing at a huge crop loss. Continued dry climatic spells have endangered the food
security and livelihoods of many rural families in Kenya who depend exclusively on rain for
their crop farming. In this case, most small scale farmers naturally plant farm maize seeds,
which lack the characteristics to endure harsher weather conditions such as extreme heat and

or water stress (Rashid, 1996). Such conditions hardly make farmers harvest the best maize
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output from their lands. A study by Mutunga (2017) in Kitui concerning the smallholder
farmers’ perceptions and applied adaptations to climatic change and variability established
that 22% of the respondents planted drought-resistant and tolerant crops like ground nuts,
millet, cassava, and sorghum. The smart agriculture project in Nyandarua has been assisting
small scale farmers in choosing the suitable maize variety for short rains. In 2019, it was
noted that the supply of maize flour was less across the country due to a severe shortage of
maize grain, and the demand was remarkably high due to most Kenyan families adopting
maize as the staple food crop.

During the famine, the imported maize did not reach many Kenyans in rural areas. The
Northern part of Kenya is one of the few regions that depend on relief food. Because of this
reason, many households in other parts of the country do not have an alternative but to
depend on what they cultivate on their farms for their food security. Therefore, small scale
farmers in Nyandarua County require taking advantage of the short rains to grow more
drought-tolerant varieties that take a short time to mature. Table 2.1 below presents some
drought-resistant and fast-maturing maize varieties favourable in different altitudes in the
short rain season. The Kenya seed corporation ltd has developed a variety of drought-resistant
and fast-maturing maize varieties with high yield per acreage. Some of these varieties are

highlighted in the table below:
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Table 2.1: Hybrid Maize Seed Varieties Resistant To Climate Extremes In Kenya

Variety Condition | Altitude Maturity Yield Attributes
(m.a.s.l) (X 90KG/Acre)
H614D Highland 1500-2800 | 160-210 Days | 38 Bags Sweet tasting variety, high density,
Maize long storage period and resistant grey
leaf spot and blight.
H628 Highland 1500-2800 | 150-180 Days | 46 Bags Highland variety with heavy white
Maize grains. It has high output and is
resistant to blight and GLS flint.
H513 Medium 800-1700 110-130 Days | 38 Bags Medium variety, delightful tasting,
Maturity and good stand ability.
H516 Medium 800-1700 120-150 Days | 46 Bags Medium to highland variety and
Maturity resistant to blight rust and lodging
H517 Medium 800-1700 120-150 Days | 30 Bags Tolerant to foliar diseases incidence
Maturity and pests infestation.
Has better husk cover, tolerant to cob
rot and maize streak virus (MSV)
DHO1 Drought 800-1500 70 Days 15 Bags Early and Stay Green
Resistant Tolerant to blight and rust
DHO2 Drought 800-1500 70-100 Days | 16 Bags Suitable for arid and semi-arid areas.
Resistant Early tolerant to moisture stress
DHO4 Drought 800-1500 75-100 Days | 24 Bags Short drought tolerance
Resistant Good husk cover and stand ability
DHO08 Drought 800-1500 100-120 Days | 28 Bags A type of field corn with high soft
Resistant starch content. Good stand ability and
tolerant to ear rots

Source: Kenya Seed Company limited catalogue 2020

2.5.2.2 Drought Resistant Irish Potatoes Varieties

According to the Potato National Council of Kenya, wide modern varieties of Irish potatoes
in Nyandarua County are drought-sensitive. These varieties include Annet, which requires a
medium to high altitude of between 1,300-2,000 m.a.s.l. It has a short maturity period of (< 3
months) with a medium output yield of (30-35 tons/ha). Asante, requires a medium maturity
period of (3-4 months) with a medium to high output yield of (35-45 tons/ha). It is best at a
high altitude of >2,300 m.a.s.1. It is resistant to late blight disease though it can be affected by
late-season infections.

Desiree requires a high altitude of 1,800-2,600 m.a.s.l. The variety has an early to medium
maturity period of (2.5-3.5 months) with a medium to high output yield of (35-40 tons/ha).
Desiree is an upright medium to tall variety (about 0.7 meters in height from the ground).

The dark green medium-sized leaves and strong stems offer the plants stability. Its flowers
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are light pink and occur scarcely. Desiree is largely affected by Potato Virus Y (PVY)
disease.

Kenya Baraka requires a high altitude of 1,600-2,700 m.a.s.l. it has a medium maturity period
of (3 months) with a medium to high output yield of (30-40 tons/ha). It has a long tuber
dormancy of 4.5 months, making it a highly suitable drought-resistant crop. Kenya Baraka is
a tall vertical variety plant (about one meter of height) with broad green leaves and strong
stems. Its white flowers moderately appear. The variety is resistant to diseases such as Late
blight.

Shangi potato variety requires an estimated altitude of 1500 m.a.s.l. it has an early maturity
period of (<3 Months) with a medium output yield of (30-40 tons/ha). It has a short tuber
dormancy of (<I Month), making it a highly suitable drought-resistant crop for faster
adjustment of planting dates. Shangi potato variety is a medium-tall semi-vertical, slightly
below 1 metres height, with light green broad leaves and moderately strong stems. Their pink
flower profusely comes out. Shangi potato variety is moderately vulnerable to the disease of
late blight. Other potato varieties include Kenya Karibu, Kenya Mpya, Kenya Sifa, Kenya

Mavuno, Mayan Gold, Purple Gold, Sherekea, Tigoni, and Dutch Robijn.
2.5.3 Adjusting planting dates

The advantage of early planting date for maize crops could yield high production, especially
when accurate data on the onset of rain is available. For maize, the planting date window,
which expands the growing season while considering other favourable conditions at critical
crop growth stages, has been one of the main issues to be well-thought-out for high-yielding
crop production. Ngetich et al. (2011), while studying the effects of planting dates in central
Kenya, observed no significant effect on maize yield during the long rains season of 2010,

concluding that rainfall patterns and amounts caused this. Therefore, to optimize yield under
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variable climatic conditions, planting at the correct time to fit with partial crop maturity
length and the growing season is essential (Shrestha, 2018).

An evaluation of the best times to plant maize in order to adjust to rainfall unpredictability
and improve food security in Ol-Joro-Orok, a sub County in Nyandarua County Kenya, was
carried out by Onyango (2018). Comparative analysis between the planting dates was done
using air-dried grain harvested at physiological maturity separated from the cobs. In the long
rains of 2012, the yield difference between the two planting dates was 8.7%, while in the
2013 spots of rain, it was 23.6%. The differences in yields between the planting dates in 2012
were not significant, but they varied significantly at p < 0.05 during the 2013 showers. Long-
term models have also revealed that lengthier maturity crop hybrids lose their output faster
than short-maturity span hybrids with significant planting delays. In Kenya, about 27%
increase in the yield and output of planted dry maize was recorded during the short rain
season of the year 2009. However, the wet planting effect was insignificant (Mutunga et al.,
2017). Ngetich et al. (2011), for example, showed that comparative to late planting; dry
cultivation of maize increased the production by 53% at significance levels of p>0.05-during
the 2009 long showers of the rain season, followed by showery planting that contributed to
about 19% increase in crop yield in central Kenya. In the central highlands of Kenya, Ngetich
et al. (2011) evaluated the consequences of early planting dates (EP) and late planting dates
(LP) as treatments on the performance of maize (DK8031 variety). The study focused on the
effects of planting dates on maize yield and output under rain-fed conditions.

The crop treatments were simulated thrice in a Complete Randomized Block Design,
consisting of two planting dates, the last one week after the first. During the prolonged rain of
the 2018 season, early planting was done on 18th April 2018, while the late planting
treatments were on 28th April 2018. Early and late planting during the prolonged rain 2018

was done on 2nd May 2018 and 14th May 2018, respectively. Grain maize crop yields were
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measured at maturity and expressed in Kg/ha. Findings from the variance analysis carried out
indicated that the difference of days between early and late planting during the LR2017
season was 10, while in LR2018 was 12 days. The germination of maize in early planting was
over 90%, while there was very poor germination in late planting crops, especially in the
LR2018 season. The output yields of maize were significantly affected by seasons (P<0.05),
with the harvests of the late-planted crop in 2018 being the lowest. While maize yields in
2018 were lower than in 2017, late planting remarkably reduced the establishment and yields
of maize.

According to Sangoi et al. (1998), the planting date contributes to the development, growth
and output of maize crops. The most appropriate planting dates have become of great
importance for increased crop production. Optimum planting dates well controls the
foundations of plant growth and disease and pest outbreaks. Many studies have shown that
different crop varieties like maize and Irish potatoes respond and react differently to various
planting dates in a calendar. Late or early planting dates of maize may result in some
morphological, biological, biochemical and structural changes in plants. These changes affect
many plants' growth and development especially in maize and Irish potato, resulting in a
drastic decline in crop yields (Ke, F., & Ma, X. (2021). The growth and development of
maize involve many biochemical reactions, which are delicate alterations in weather
parameters due to variations in planting dates. Late planting affects elements of physiological
growth, photosynthesis and dry matter production as a result of a decrease in the
accumulative capture of photosynthetically active radiation (PAR). Delayed planting dates
may lead to increased non-structural carbohydrates concentration in the maize stems due to
low temperatures, limiting the rate of photosynthesis and seed growth. Starting a maize farm

within the early planting season is better for market and demand reasons. The optimum
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planting date for maize in Nyandarua is between 15" March and 15™ May, although planting
could be done as soon as rainfall becomes steady.

Irish potatoes require a 2 to 3 months period after planting to mature. The indicator that
harvesting of Irish potato should be done is when the foliage turns brown. Harvesting of the
potato is done well when the soil is dry. Potatoes should be planted in many parts of Kenya in
February or early March. If the Irish potato is planted too early, it can lead to the top
becoming frozen off by frost. There are three cycles for adjusting the planting dates of Irish
potatoes: early potatoes can be planted as early as mid-March, and early potatoes should be
planted a few weeks later. In order to yield a healthy crop, main crop potatoes must remain in
the ground a little bit longer after planting, which typically occurs in April. Due to variation
in climate, there has been a general shift in the planting of Irish potatoes to early June. Irish
potatoes planted early may need approximately 100 days to mature, while those planted late
may need about 120 days to grow and mature. Therefore early planting, i.e. in May and June,
will give a higher output before December in Nyandarua.

In conclusion, the adversative effects of deferred planting times can be lessened by predicting
the optimal planting dates based on proper and accurate crop modelling experiments (Ahmed,
2020).

2.5.4 Income diversification

Income diversification was defined as the addition of income sources or drawings earnings
from many sources rather than relying on one job activity for income. Ellis (1998) noted that
most households of small-scale farmers avoid relying on few sources of income for a longer
period of time due to environmental risks. According to recent research, rural small-scale
farmers in Kenya's semi-arid and dry regions can effectively manage the risk of drought by

implementing the approach of income diversification (Watete et al., 2016).
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According to a study conducted in China by Jinhong et al. (2016), income diversification can
help rural communities become more resilient to climate variability, lessen the negative
effects of drought, and increase the stability of their revenue sources. Even though farmers'
incomes often make up a bigger portion of the incomes in rural communities, there are a
number of reasons why off-farm income diversification tactics may occur, including
insecurity brought on by the negative climate variability's impacts (Delgado et al., 1997).
According to certain research, farmers that experience low income levels tend to concentrate
mostly on subsistence farming (Reardon et al., 1994). Likewise, income diversification
increases with increased levels of agricultural commercialization. Diversification of income
through off-farm and on-farm economic activities among the small-holder farmers in the Sub-
Saharan Africa mainly depends on risk mitigation strategies, among other detrimental
climatic stresses (Bellon et al., 2014). According to Adger (1999), when a single household
describes it’s self as having undertaken multiple income sources over time, it is typically an
indicator of sensitivity and vulnerability to societal problems, including climatic and other
ecological and environmental variables. Income Diversification is a valuable strategy in
dealing with disaster risks and social welfare improvement but also provides new insights for
advanced research on resilience, vulnerability and adaptive ability of small scale countryside
social systems. Generally, deprived rural communities try to find livelihoods sources outside
the farming sectors to supplement the periodic incomes from agricultural activities. Income
diversification should help to moderate vulnerability by levelling income and distributing
income risks across numerous activities. The household-based undertakings in the non-
farming activities to get income could be one of the adaptation strategies that are not crop-
related and can be used to eliminate poverty and increase their adaptive capacity to other

adaptation strategies.

27



Engaging in non-farm income-generating activities has offered more employment
opportunities in the rural areas, slowed the rural to urban migration, and contributed to a
more fair distribution of income (Gordon, 2001). The empirical analysis in Kenya shows that
the local disparity in income diversification does not trail any particular patterns with pull and
push determinants occurring concurrently within and between regions. In this regard, income
diversification policies must be custom-made to meet the development requirements of
specific regions. To a greater extent, income diversification is significantly linked with asset
households' endowment, nearness to rural towns, population factors, migration trends and
sensitivity to food security (Suvedi and Kaplowitz, 2016). Diversification of income sources
among the smallholder farmers in the county of Nyandarua was one of the strategies of
adapting and adjusting to the negative impacts and influences of climatic factors variability
on crop farming. The gap is that the adaptation strategies have not been thoroughly evaluated

to establish its effectiveness in improving crop yields.

2.6 Socio-economic determinants to adaptations in crop farming

African nations are severely affected due to inadequate skills in climate variability impact
management, weak institutional capability, high dependence on rain-fed crop farming and
limited financial resources (Rockstrom, 2010). The most significant proportion of the human
population depends on subsistence agriculture, which exposes them to more levels of
vulnerable conditions (IFPRI, 2004). According to FAO (2012), many challenges small scale
farmers encounter in adapting to climate variability are related to poverty. In this case,
farmers divert their little income from the farm towards acquiring primary necessities like
food and medical care instead of allocating them into crop farming adaptation strategies.
Studies by Reenberg and Nielsen (2010) suggest that monetary obstacles are significant
barriers which limit the execution and implementation of proper adaptation measures and

strategies by crop farmers in Africa. According to Adger et al., (2007), the effective
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implementation of adaptation strategies is hampered by the lack of knowledge regarding
climate variability. One of Africa’s biggest obstacles to climate adaptation has also been
identified as the absence of appropriate technology solutions to address the detrimental
consequences of climate variability (Nielsen et al., 2010).

According to IPCC (2014) report, vulnerability to climate variability effects among small-
scale farmers is directly related to poverty. This makes the level and source of income of the
small scale-farmer a good indicator of their capacity to control and adjust to instances of
climate fluctuation. IPCC, 2014 further stated that low education levels could strongly inhibit
the community and society’s ability to apply and implement the adaptation ideas. This is by
restricting the variety of possible reactions and interventions that can be applied. Hence, a
community and society level of education, knowledge, awareness and capability to adapt and
adjust to crop farming technologies are significant determinants of adaptive solid capacity.
Antwi-Agyei et al. (2017), highlighted that in many cases, adaptation methods and choices
are restricted by the shortage of financial resources, low education levels, small size and
unstable ownership of land, old and young age and gender of the small scale farmers. Ngigi's
(2009) studies indicate that the possibility of having numerous adaptation options which
produce positive results is not a guarantee of good returns. This is because adoption of these
strategies can be very slow. Therefore, the study suggests that it is essential to understand the
factors influencing the adaptations to climate variability in a low spatial location to speed up
and strengthen the uptake of the most effective adaptation strategies.

2.7 Factors influencing adaptation to climate variability in Africa

Studies conducted by Nhemachena and Hassan (2008) observed that adaptation plans by
small holder farmers in south African countries was based on improved cross sectional data
obtained from Zimbabwe, Zambia and South Africa. Using Multivariate Logistic Model, they

found that awareness of climate variability and easier access to agricultural extension and
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frontline services were the main determinants of farmers' adaptation consideration to climate
variability effects. The study also revealed that single cropping is one of the Africa's crop
farming practices that is most vulnerable and susceptible to the consequence of climate
variability. In addition, the level of technology and availability of elements of production
(capital, land and labour) were established as essential factors in helping small scale farmers
in informed adapting to effect of climate variability in Africa. This study assessed the
influence of high technology of using heavy machines supported by agriculture, which were
not considered in the Nyandarua area because small scale farmers neither used heavily
mechanized farming systems nor electrified operations. However, the study reveals
similarities in determinants such as the farm size, gender and age and level of education
which the current study seeks to assess. It will be essential to compare the results between
these two study areas.

Deressa et al. (2010), when using the Heckman regression model in the Nile basin of
Ethiopia, found that the elderly farmers were more experienced in farming because they were
extensively exposed to present and past varying climatic conditions. Their studies concluded
that age was a direct contributor to the adaptation strategy employed by farmers. Contrary
findings were found in Hassan and Nhemachena's (2008) studies for determinants of
adjusting to climate variability in African continent, where age was found to have
insignificantly influenced farmers' adaptation to the consequences of climate variability.
However, it can be argued that what matters is the farming experience and not the farmer's
age when it comes to the issue of adaptation. This is because extended farming experience
escalates the chances of farmers adapting and adjusting to climate variability better. The
findings also revealed that levels of farmer’s education positively affected adaptation, while

the farm size negatively influenced adaptation strategies.
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Mudzonga's 2012 study in Zimbabwe found that education significantly impacts farmers'
adaptation to climate variability, with shifting education levels increasing the likelihood of
familiarizing farmers with climate change. The study's results further concurred with another
similar study done in southeast Nigeria which found out those farmers having large farms
adapted better than farmers with smaller farms (Ozor et al., 2012). Large farms generally
involve a high investment, which considerably should initiate better adaptation practices to
contribute to reasonable returns. The gap between these studies is based on the methodologies
used. Mudzonga (2012) used the Multivariate Logistic Model, while Ozor et al. (2012) used
the Probit regression model. The current study used the Correlation and Multinomial
regression model unlike many other past similar studies. It was envisaged that the results of
the current study were more accurate and meaningful due application of both correlational

and association techniques, respectively.
2.8 Factors influencing adaptation to climate variability in Kenya;

Numerous research (Mutunga et al. 2020, Msafiri et al. 2021, etc.) have been done on the
variables determining adaptations to the unpopular climate variability's impacts in Kenya.
The specific environmental and socio economic factors that affect adaptation techniques in a
high yield or food basket agricultural zone are, however, rarely discussed in studies. A study
on Kenyan farmers' use of adaptation tactics to climate variability and its effects on crop
farming were undertaken by Gebre et al. in 2002. They found that farmers were more likely
to use a range of crop-related climate change adaptation strategies if they were younger and
more educated. The number of adaptation methods implemented was positively correlated
with the following factors: farm income, education levels, family and land size, male farmers,
and information availability. Knowing what influences of the primary adaptive strategies will
provide understanding on the many factors that work well in leveraging crop production amid

the extreme phenomena of climate variability in order to promote sustainable livelihoods
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issues and food security. The outcomes of this study however contradicted the results of
another study done by Ngigi (2017) in her PhD theses entitled “Managing risk under climate
change in rural Kenya” which indicated that a more considerable proportion of women were
found to embrace crop-related adaptation strategies while men employed agroforestry and
livestock-related adaptation strategies. By applying a Chi-square and correlation coefficient
to a sample data of 360 households, the study concluded that there was a need to consider
gender representation among small scale farmers to successfully support women's and men's
specific abilities to adapt effectively to climate variability and uplift their livelihoods against
the changing climate. Regarding farming experiences, results indicated that the many years a
farmer had engaged in crops farming was insignificant to influence the adoption of micro and
macro climate variability adaptations.

In conclusion, the logistic regression analysis findings established that higher education
levels significantly influenced adaptations. In contrast, demographic factors of gender and
age and size of the farm were not major predictors of adaptations (Limo, 2013). It was
envisaged that the results of this study would differ from the above study due to differences
in regions and types of crops used. Age as a demographic factor had previously been found to
be a more significant determinant of farming activity and manipulation of coping strategies
within the Republic of Kenya. A very recent study by Simotwo et al. (2018) found that the
small scale farming in Kenya is dominated by an average of 40 years middle-aged
population. Concerning the marital status of small scale farmers, several studies had pointed
out that single-headed households are potentially vulnerable to weather-related challenges in
farming. This is mainly due to poor and limited decision-making on coping mechanisms to
climate variability (Mikalitsa, 2010; Khisa et al., 2014; Oluoko-Odingo, 2011).

Another study conducted in Kiambu, Kenya by Kiarie (2016) examining the detrimental

effects of climate fluctuation on small-scale farming adaptations, found that farmers who
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discovered a temperature rise were adapted faster than farmers who did not detect a
significant increase in temperature. Similarly, farmers who noted a rise in rainfall were less
adapted to climate variability than farmers who did not notice an increase in rainfall. These
results were interpreted that the likelihood of learned farmers adjusting to the effect of
climate variability was greater than the less fairly-educated small scale farmers; (i.e. r=0.00,
and p<0.01). The primary adaptation strategies observed in this region were growing fast-
maturing crop varieties, mixed crop farming, increased application of fertilizers and changes
in planting dates. This situation could be different in Nyandarua County since the two regions
have different climatic conditions, agricultural systems, education advancement, and
technological empowerment. The study recognised that climate variability was evident, and a
small number of scale farmers had adopted many adaptation strategies. However, these
adaptations have not been well assessed, documented and classified according to the scheme
set by IPCC 2015. The study did not outline the specific agricultural system considered,
whether horticulture, subsistence, greenhouse farming or commercial. Since adaptation
strategies differ from one agricultural system to another, there was a need to be specific, like
what the current study has done by selecting certain food crops of maize and Irish potatoes
for the study.

In Kenya, farmers near urban centres have relatively high adaptive capacity. Lack of adaptive
capacity is expected in the remote and interior sections of the country (Mwangi et al., 2020).
This could be attributed partly due to the accessibility of social amenities, good infrastructure
and the contribution of other socio-economic features. The drier parts of Ndaragwa Sub
County in Nyandarua County were expected to have low adaptive capacity because of their

isolation and subpar living conditions.
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2.9 An overview of adaptation to Climate variability in Nyandarua

In collaboration with the national government agencies like NEMA and KMD, the County
government has come up with several measures to combat climate variability and promote
sustainable adaptation strategies. Enforcement laws regarding encroachment of wetlands,
riparian lands and forests have been put in place to reduce the incidences of environmental
degradation. The silted reservoirs such as Lake Ol bolossat have been marked for de-silting to
enhance water retention, reduce human-wildlife conflict, and increase water for agricultural,
domestic and livestock use. Greater public awareness has been made of the need to plant
more trees on public lands and farmlands and increasing effort to develop many other
alternative and clean sources of energy such as use of energy-saving jikos, biogas, electricity,
solar energy as well as embracing a carbon credit program. Farmers in Kipipiri and
Ndaragwa dry zones must be encouraged to adopt greenhouse farming, practice irrigation
farming and plant drought-tolerant crops for enhanced productivity. To support them, the
County government has embarked on the assessment and erection of versatile dams for
farming and livestock drinking.

In conclusion, adaptation is one of the best approaches for reducing the adversative climate
variability's effects on crop farming and cultivation. However, it needs to be understood and
assessed, mainly when it is interchangeably used with mitigation. There are choices for
adaptation, and they differ depending on the area of the nation and the globe. Due to the
variance in the local environment, specific suggestions might not apply to the entire region
(Seppala et al., 2009).

Adaptation options depend on specific changes in a region and a range of other factors. Thus
more research on climate variability and adaptations to agriculture needs to be done across
the entire region because of the unique adaptation characteristics. In addition, while much

research has been done on climate changes and variabilities, there are still significant gaps in

34



the knowledge of the most appropriate adaptation strategies for agriculture in different
regions worldwide. This is because the majority of adaptation strategies in agriculture that
have taken place are planned, while others have been spontaneous due to the perceived risks
and constraints (Adger, 2001). The literature review shows that numerous studies related to
climate and weather changes, variability of climate and agricultural variatons may have been
satisfactorily done across the globe. However, conflicting policies between levels of
government create challenges for farming. Associated with this gap is that the level of
farmers' choices to adapt and adjust to the effects and impacts of climate variability
sometimes does not match the national and local government policies. In this case, farmers
make adaptation decisions in a context of uncertainty brought about by climate variability.
On the basis of this uncertainty, this study is designed to fill these gaps by assessing climate
variability and its significant contribution to agricultural output in Kenya and evaluating how
specific demographics and socio-economic factors have influenced the farmers' adaptation

strategies and their effectiveness in maintaining and improving crop output.
2.10 Agronomic practices and other factors influencing crops output

Review of several literatures indicates that climate variability is the most significant aspect in
determining the output of maize and Irish potatoes. In addition, agronomic factors and
practices also play a major role in determining the yields of certain food crops (Ingram et al.,
2008). These agronomic factors influencing crop output may include land tillage, fertilizer
and manure application, seed varieties, pest and diseases control, weeds control, irrigation,
harvesting and after-harvesting techniques. According to Ingram et al., (2011), the influence
of climate variability conditions on crop farming cannot be addressed without mentioning the
contribution of some agronomic factors. However, the impacts of certain climatic variables
on crop output, yields and revenues can be determined in isolation by holding the agronomic

variables constant in a regression model. In this study, the variation in maize and Irish
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potatoes' output could result from climate variability and some agronomic factors. To ensure
that these factors were held constant in determining the effect of climate variability on maize
crop and Irish potatoes output, the agronomic variables obtained during the administration of
questionnaires were included in the regression analysis as control or moderating variables.
Based on the reviewed literature, it appears that considerable research on climate variability
and agricultural output concentrated on assessing the various aspects of crop farming, e.g.
amount of crop yields, and the influence of pests and diseases, among others, with little
consideration to the socio economic features of small scale farmers (Mendelsohn et al.,
2007). Many studies focusing on climate variability's effects on crop farming have been
undertaken at a relatively large scale, e.g. global, regional, or country/nation (Thornton et al.,
2009). The field of adaptation in a small local sector and specific region requires more
comprehensive information for effective implementation. In addition, although small scale
farmers have a fairly long history of adapting to the impacts of climate variability through a
series of activities, climate variability brings new threats often beyond the existing
experiences. The new adaptation strategies applied by both the commercial and small holder
farmers are also exposed to the new risks of climate variability. There was a need, therefore,
to assess and document these strategies in a more specific region like a County, as required
by IPCC (2015) and Pachauri et al. (2015). This requires detailed and ongoing studies and
research on the effects and contribution of climate variability on rain fed agricultural zones.
The current research provided an opportunity to fill such knowledge gaps.

In terms of factors influencing the adaptation strategies, different arguments on factors and
determinants such as gender, age, size and ownership of the farm were presented in their
findings. Some of these factors significantly influence adaptations, whereas others reported

that they are insignificant (Nhemachena & Hassan, 2008, Deressa et al., 2010). The

36



researcher identified a knowledge gap, prompting them to compare Nyandarua County's
findings with similar literature review findings.

Regarding the effect of age and gender on climate variability adaptation, it was likely that
old-aged household respondents may be more experienced in farming but have less diversity
of adaptation mechanisms. By bridging the gap of actual adaptations applied, the study made
a critical contribution to adaptation research in Kenya. Finally, the study was particularly
beneficial in knowledge acquisition and capacity enrichment.

One of the expected new contributions in the topic of climate variability, adaptations and
crops Yyields/output from this research is the methodology of assessing and evaluating the
impacts and effects of climate variability on selected crop yields while holding other factors
that may influence crop yield constant. These factors may include agronomy practices, seed
varieties, market forces, pests and diseases and soil fertility. This was done by ensuring that
the Pearson Correlation and Multinomial regression procedures adhered to the assumptions of
linearity and homoscedasticity. A new methodology of partial correlation coefficient
procedure and stepwise regression analysis between climatic variables and crop variables
were carried out so that the strength of each variable could be isolated. This was done by
correlating two variables (Dependent and Independent) at a time while holding the other
variables constant.

Regarding determinants of adaptation strategies, the results of this study made an essential
contribution to the continuously evolving and limited observed and empirical evidence on the
effect of gender and age within households on the adaptation tactics employed by the small
scale farmers. This new knowledge will help to answer the following philosophical questions;
does gender affect the types of adaptations employed? If yes, what are the underlying factors

that bring out the differences between males and females? Between age and experience,
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which one influences the types of adaptations employed? What could be the underlying

factors behind the age and experience of a farmer in response to climate variability?
2.11 Constraints of adapting to climate variability's effects in crop farming

An attempt to address adaptation strategies in the context of many small scale farmers in SSA
raises specific challenges and limitations (Jin et al., 2015). These challenges cannot be
addressed adequately by the usual agronomic studies in agriculture (Ludgate, 2016). This is
owing to the influence of critical environmental and socio-economic considerations, such as
the influence of issues of climatic factors variability on crop farming (Adger et al., 2003). In
this context, Claessens et al. (2012) classified the adaptation constraints into two levels; Low
adaptation challenges and high adaptation challenges. Common adaptation challenges involve
high poverty rates among small scale farmers.

In contrast, high adaptation challenges have to do with poor policy-making on coping with
climate variability's effects. According to Simotwo et al. (2018), the high-level challenges
emanating from the downstream and upstream include the increased costs of farm inputs such
as hybrid seeds and fertilizers, poor road networks, and limited access to micro-credit
facilities, among many others. Mutanga et al. (2017) noted that limited land sizes and poor
land tenure systems are some common challenges in many ethnic communities in Kenya.
This contributes to the slow adoption of effective adaptation measures and sustainable
farming practices.

Furthermore, the old way of land inheritance among many communities in Kenya has led to
an acute subdivision of land, which has become uneconomical to cultivate (Wiesmann et al.,
2014). Musingi and Ayiemba (2012) highlighted that with enhanced access to higher
education, farmers are endowed with technical, social and financial capital. These skills and

resources help solve the adaptation challenges to climate variability.
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Research on environmental challenges affecting food security in various countries reveals
numerous constraints for small scale farmers (Techoro, 2013). The negative impacts of
climate variability may be devastating, making it challenging to develop appropriate action
responses. Poverty and inadequate resources hinder farmers from accessing necessary
adaptation technologies (Vysochyna et al., 2020). A study by Wambua, Telesia and Omoke
(2014) found some empirical and practical evidence that the lack of adequate arable lands and
other farming resources and capital are some of the underlying challenges for practical
adaptations and, consequently, food insecurity in Kenya. These factors alleged by the small
scale farmers contribute to their adaptive capacities being ineffective and vastly
overwhelming (Ochieng et al., 2016). Lack of water for irrigation has also been cited as a
significant problem hindering effective adaptations among many small scale farmers in
Kenya. According to Hosea et al. (2016), among the many challenges facing water-fed
agriculture is the inadequate source of finance needed for their implementation. Kithiia
(2019) proposed that the collaboration between stakeholders allows the sharing of costs and
available resources from different players to combat the challenges of climate variability.
Climate variability significantly affects small, fragmented farms with limited access to
agricultural extension services, income and credit, suggesting the need for sustainable water
management solutions. (Mutisya, D. & Wamicha W.N. 2000)

Recognizing these climate variability and adaptation challenges, the Climate Change
Response Strategy (NCCRS) unit was established in Kenya. Their mandates are to respond
and react to the constraints and opportunities presented by climate variability (Rok, 2010).
The main focus of NCCRS is to foster the national strategic plans and actions toward
effective adapting to climate variability. This is done by ensuring that all the stakeholders in

the country are engaged in combating the impacts and effects of climate variability,
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especially when considering the vulnerability of the natural and ecological resources of the

society as a whole (Ochieng et al., 2016).
2.12 Theoretical Framework

The theory was established by Mendelsohn et al. in a study conducted in 2007 that examined
analysed the effects of climate change on agriculture in USA. To accomplish the objectives
of these studies, Mendelsohn et al. (2007) developed this theory to countercheck the
shortcomings that other traditional models had of overestimating the harmful effects to
agricultural output because of climate variability. The bias in the previous studies were
caused by the failure to include the adaptation measures and strategies for changing climatic
situations, but as stated by Mendelsohn et al. (2007) and World Bank, (2009), the theory
effectively incorporates farmers' efficient adaptations. The Ricardian model does not rely on
complex crop yield models but instead is a simple cross-sectional technique that assesses the
empirical relationship between crop output and climate variables. Based on this theory, crop
outputs are regressed on climatic and other socio-economic variables. This theory relies on
the notion that climatic factors and proper adaptation measures determine agricultural crop
output. In contrast, certain socio-economic and agronomic factors are essential in control
variables. A critical benefit of this method is that it controls the adaptations that farmers make
to climate variability. In this regard, the technique assumes that farmers in future will be as
flexible to climate variability as the current farmers are (Deschenes, 2007). The model has
gained popularity in recent times. It was recently used to assess whether climate variability
impacted agricultural revenues in Central Asia (Alisher, 2013). Besides the above study, the
Ricardian theoretical model has been applied widely in African countries; (Seo &
Mendelsohn, 2007). Unfortunately, a broad study of Kenya using the model is still missing.
The current study filled that gap by applying the Ricardian method to a significant section of

Kenya. Despite some strengths, the Ricardian method as a technique has got some
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limitations. The approach fails to fully consider the impact of critical explanatory variables
such as soils, agronomic practices and market forces that could also account for the variation
in crop output. Another weakness lies in the potential bias caused by omitted variables that
are not directly related to climate variables. The omitted variables could result from
incomplete and inaccurate data on crop output and climate variables. These limitations
weaken the Ricardian approach though it was still the most appropriate for this study
(Mendelsohn 2010).  The Ricardian approach was preferred for this study because it
incorporated the alternative activities that each small scale farmer had accepted against the
existing climate variability situation (Wrigley-Asante et al.,, 2017). One of the most
significant advantages of this theory in the current study is that it was not expensive since
primary and secondary data on climate variability, crop output and socio-economic variables
on cross-sectional sites were relatively easy and cost-effective to collect (Deressa & Hassan,
2009). Due to these strengths, the Ricardian theoretical model was used to develop a

conceptualized framework for the current study.

2.13 Conceptual Framework;

The conceptual framework (figure 2.1) for this study builds its interactions between the
independent climatic variables of climate such as temperature and rainfall and socio
economic factors with dependent variables of crop output and adaptation strategies. From the
conceptual framework, the dependent variables of maize and Irish potato yield variations
have been connected to the independent variables of rainfall and temperature variations.
Changes in these climatic variables may impact crop farming negatively or positively. The
study addressed the negative impact of climate change variability on crop output. The
conceptual framework also recognizes the input of agronomical factors in the output and

productivity of crops. These factors were treated as moderating factors to the interaction
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between independent variables of socio economic factors and the dependent variables of
adaptation strategies and crop output. In this study, these factors were not analysed in testing
the hypothesis. The framework further describes the interactions between adaptation
strategies, their determinants and crop output. The dependent variables of adaptation
strategies by small scale farmers been connected to the independent factors of farmers'
demographic and socio-economic factors of age and gender, size and ownership of land,
farmers' level of education and income. The socioeconomic characteristics of the small-scale
farmers affect the adaptation strategies adopted, which determines the prospects of
agricultural productivity. On this basis, the effectiveness of farmers' adaptation strategies
have been evaluated and assessed using statistical tools to make informed decisions. The
conceptual framework referred to as figure 2.1 pays attention to the inter linkages of climate
variables, socioeconomic factors, small scale crop farming adaptation strategies and the

expected results of improved crop output due to the effectiveness of key adaptation strategies.

Recommended policies and action plans have then been formulated based on the findings to
guide policymakers and small holder farmers in responding to the future impacts and effects
of climatic variability on crop farming agriculture. These action plans of adopting effective
adaptation strategies ensure sustainable crop output despite the continuous variations in
climate. This conceptual framework summarizes the whole study in terms of problem
statement, objectives setting and hypothesis formulation, the three chapters of data analysis

and findings and recommendations for action plans.
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Figure 2.1: Conceptual Framework;
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2.14 Summary of Literature Gaps

Despite extensive research on the topics of climate change and variability, there are significant
gaps in knowledge on appropriate adaptation strategies for agriculture in different regions. This
IS so because adaptation options depend on specific regional changes and other socio-economic
factors. More research is needed on climate variability and adaptations to agriculture due to
unique adaptation characteristics. The gap in agricultural adaptation strategies, despite being
planned or spontaneous, is exacerbated by conflicting government policies, posing significant
challenges for farming. This is according to Adger, (2001). Rakib & Matz (2014) highlight that
farmers' adaptation choices often conflict with national and local government policies. The gap
emanating from this relationship is that farmers develop their adaptations in a context of
uncertainty broughtt about by climate variability. Singh et al. (2020) highlight the lack of
assessment and documentation of farmers' adaptation strategies, which could be influenced by
environmental and socio-economic factors, affecting vulnerability or resilience to climate
variability. Mburu's (2013) study in Yatta District found the small scale farmers adopting climate
adaptation measures to be like drought-resistant crops and rainwater harvesting. However, it
failed to examine regions like Nyandarua County, which rely heavily on rain fed agriculture.
Suvedi and Kaplowitz, (2016) indicated that income diversification is linked to asset households'
endowment, rural proximity, population factors, migration trends, and food security sensitivity.
Nyandarua smallholder farmers' adaptation strategies to climate variability had not been
thoroughly evaluated. Mudzonga (2012) and Ozor et al. (2012) found that education significantly
impacted farmers’ adaptations to weather and climate variability in Zimbabwe and Nigeria,
respectively. The gap between these studies was based on the methodologies used. Mudzonga

(2012) used the Multivariate Logistic Model, while Ozor et al. (2012) used the Probit regression
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model. The current study used a Correlation and Multinomial regression model for more accurate
results. Seppala et al. (2009) highlighted the need for comprehensive research on climate
variability topic and adaptations to agriculture, highlighting the unique characteristics of these
adaptations and the significant knowledge gaps in global knowledge. Pachauri et al. (2015)
highlighted that small scale and large scale farmers adapt to climate variability through various
activities, but often face new threats beyond their existing experiences. Nhemachena and
Hassan's (2008) research on factors influencing adaptation strategies revealed varying degrees of
influence, with some being significant and others insignificant, highlighting a knowledge gap in
the literature review. Deressa et al. (2010) found that older household respondents may have
more farming experience. The gap is they may have less diversity in adaptation mechanisms,
contributing to Kenyan adaptation research. The Ricardian theoretical model, popular in Central
Asia and Africa, had been used to assess climate variability's impact on agricultural revenues,
but a comprehensive study of Kenya using the model was missing. In conclusion, current
research aimed to fill knowledge gaps by assessing and documenting adaptation strategies in

specific regions, specifically in rain-fed agricultural zones, as required by IPCC (2015).
2.15 Deduction from Literature Review

Based on the literature review, conceptual framework and research methodology, the following

conclusions were made;-

1. This study highlights the need of continuously monitoring what happens in the mitigations
and adaptations arena and how these adaptations influence the well-being of small scale
farmers. This is because the interaction between climate variability, its impact on crop

farming and the application of adaptation strategies are very dynamic.
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. The study provides more insights and adds to existing literature and knowledge on the
evolving but still limited theoretical and empirical evidence on the relationship between
climate variability, its impact on crop farming and the application of adaptation strategies
guided by certain vital determinants.

. The study findings have crucial implications to the policy makers for policies that can
support small holder farmers to cope up with the impacts of climate variability.

. The study's results regarding the three main adaptation strategies have further supported the
advantages of the Ricardian Empirical Model that allowed the inclusion of adaptation
responses.

. The empirical output model adds a new aspect to the existing knowledge of the Ricardian
model, which provides optimistic and more accurate results regarding the unprecedented
climate variability’s impacts on crop farming and adaptations than generally the doubtful
results found in purely agronomic studies.

. The study results give reliable evidence about the importance, usefulness and application of
the conceptual framework in policy formulation for effective climate variability adaptation
strategies.

. Applying both correlational and regression techniques in the data analysis methodology
makes the current study's results more accurate and meaningful. This adds knowledge to the
existing literature on better application of multiple inferential statistics within the same
related investigations.

. Any theoretical framework in the field of climate variability and crop farming contains three
fundamental issues that should be directed to the livelihoods of the communities;

a) Exposure
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b) Sensitivity

c) Vulnerability

Sustainable and effective adaptation strategies in crop farming to climate variability should
combine the three critical aspects.

a) Community socio-economic predispositions on adaptations to climate variability.

b) Government integration into policies regarding adaptation to climate variability.

c) Adaptation strategies based on spatial ecosystem environments.
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CHAPTER THREE
STUDY AREA

3.1 Introduction;

This chapter hosts a comprehensive description and discussion of the study area presented in
literature and tabular forms supported by maps, charts and photographs. It starts by building on
the background of the study area information in terms of climate systems and agro-ecological
zones in central Kenya. Nyandarua County has also been positioned using coordinates, size,
population and other demographic features per constituency based on the 2009 census. Land use,
environmental degradation, conservation, and agricultural productivity in the County have also
been well documented.

3.2 Location

The study area is Nyandarua County, situated in Kenya's central region with a total surface area
of 3,245.2km?, lying between latitudes 0°50 ‘to the South and 0°8 'to the North and between
longitude 36°42"' West and 35° 13 'East. The Counties bordering Nyandarua include; Nyeri in
East, Laikipia in North, Murang'a in South East, Nakuru in West and Kiambu in South (Muraya
et al. 2016). The effect of volcanic eruptions and faulting resulted in major landforms and
physical features in the County. The primary physical features include the Aberdare ranges to the
East, to the West is the Great Rift Valley and some plateaus. The highest altitude peak of the
Aberdare mountain ranges is 3,999m above sea level. The County boasts of eight permanent
rivers: Turasha, Kiriti, Ewaso Narok, Mkungi, Kiburu, Malewa, Pesi and Chania. Some of these
rivers drain their water in Lake Ol’bollosat, the only extensive water reservoir in the region.
Over time, the weathering process has created shallow valleys and gorges on the steep slopes of

the escarpments, resulting in changes in river channels and a series of faults resulting in shallow
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waterfalls. Most of the rocks in the area are of volcanic type. The soil in the region varies in
fertility ranging from moderate to high fertile (Wasyombii et al., 2016). The County's ecological
condition consists of some areas in the zone of savannah highland characterized by expansive
grass cover and scattered trees. Tree cover is dominant in the highland zones. However, human
encroachment has led to the overwhelming clearing of natural vegetation causing environmental
perils such as land dilapidation and erosion, thereby reducing the size of arable land in the
County. This encroachment has led to negative consequences such as warming of the globe,

changes in climate, reduced rainfall, increased soil erosion and reduced food production.
3.3 Administrative and Political units

Nyandarua County comprises five sub-counties that also form the County's constituencies. They
are Ol'joroOrok, Ndaragwa, Kipipiri, Kinangop and Ol'kalou. The largest sub-County is
Kinangop, with six divisions and sixteen locations. Kinangop comprises the most electoral
wards, adding up to eight, with Ol'kalou second comprising five electoral wards. The other three
constituencies each comprise four electoral wards.

Ol'kalou has eight divisions and twenty-one locations. Kipipiri has three divisions and twelve
locations. Ndaragwa has four divisions and thirteen locations. Ndaragwa constituency covers an
area of 903.7Km? all-encompassing the Aberdare forest becoming the largest after Kinangop,
which covers 822Km?. However, when the Aberdare forest reserve is excluded, Ndaragwa
remains 653.6 Km? of habitable land, becoming the second largest. Ol'joroOrok Constituency is
the smallest sub-County covering a total surface area of 389.1 Km? with four divisions and 8

locations.
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Table 3.1: Political and Administrative units of the County

Sub-County/ Area (km?) No. of Divisions No. of electoral No. of
Constituency wards Locations
Kinangop 822.0 6 8 16

Ndaragwa 653.6 4 4 13

Ol’kalou 586.7 8 5 21

Kipipiri 543.7 3 4 12

OP’jororok 389.1 4 4 8

Source: County Government's office, Nyandarua County, 2012
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Figure 3.1; Map of Nyandarua County (The Study Area)
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3.5 Climatic Conditions in Nyandarua County

The equatorial climatic zone of Nyandarua County experiences low temperatures at night to
moderate temperatures during the day that favour growth of some crops like Irish potatoes. The
coldest temperatures in the past have been recorded in July, with the average mean temperature
dropping below 12° degrees Celsius. On the other hand, the highest temperatures were recorded
in December, with the mean temperature reaching 25°C. During flawless nights, cold air
upsurges in the Aberdare Mountains' slopes and moves down the West of plateau basins, where
temperatures drop to -1.3°C for a brief period before the rise of the sun. Short rains with a
maximum of 700mm in the month of September to December and long rains with an extreme of
1600mm from March to May are the two bimodal rainfall seasons in the County (Omwoyo &
Akivaga, 2015). However, rainfall intensity varies by location, with places near Aberdare slopes
receiving ample rainfall and plateaus receiving brief and erratic rain.

The common types of crops grown and cultivated in the County include maize, wheat,
vegetables, and Irish potato crop. Because some of these crops are sold, they provide a
substantial livelihoods and sources of incomes for most households in Nyandarua (Kaguongo et
al., 2007). Of the 184,900.0 ha of arable land in Nyandarua, only 96,062 ha are farmed. Current
meteorological circumstances have revealed that some County regions are experiencing dry
spells and shallow temperatures, resulting in crop let-down and lower crop production yields

(Jaetzold et al., 2007).
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Figure 3.2: The region of Nyandarua's precipitation

Source: The 2017 Kenya’s county profile of climate risks
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Figure 3.3: Mean Temperature in Nyandarua County
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3.5.1 The climate variability's impacts on crop agriculture in Nyandarua

Since the global patterns have changed and conclusions from climatic statistics data from KMD
have been made, it is evident that Nyandarua County has seen a change in climatic conditions
over a number of years extending up to a decade. In the past, the County used to experience
rainfall throughout the year, unlike nowadays, where the County experiences two distinct rainfall
seasons. The first is shorter and spans from September to December, whereas the long rains are
from March to May. This change in meteorological conditions has interfered with farming
designs in Nyandarua County because some areas in the north especially Ndaragwa Sub-County
nowadays experiences frequent periods of food shortage due to crop failure. The shallow

temperatures at night have led to cases of crop failure due to cold bites.
3.6 Population

The last National Kenyan Population Census that was carried out in 2009 the population of the
County at 596,268. This population density comprised 304,113 females and 292,155 males
(Devolution hub, 2018). The County's population growth rate had been estimated to grow at
2.4% annually, projecting the population to grow to 656,348 by 2013 and 688,618 and 722,498
people in 2015 and 2017, respectively (Census, 2009). The County's land cover and use have
been greatly impacted by the high rate of population growth. Due to market factors and the high
rate of population expansion, small scale farmers have subdivided land in Nyandarua County and
settled. Only very few large farms exist in the County. On average, a household occupies 3.5
hectares of land. With the current population growth trend and urban centres' development, the
land sizes owned and settled are likely to shrink as land fragmentation and land sale continues

(KDHS, 2013).
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3.7 Land use in Nyandarua County

Land use in Nyandarua may be categorized into forestry, agricultural, national park, township,
roads and water bodies. Agricultural land use contributes the largest share. Most of the small
farms in Nyandarua are situated in areas initially occupied by white settlers during the colonial
era. Small scale farmers primarily practice mixed cropping and livestock keeping (Kibuuka &
Karuggah, 2005).

Small-scale farmers have substantially subdivided and populated the land in Nyandarua County
as a result of the county's rapid population increase and market factors. Only very few large
farms exist in the County. On average, a household occupies 3.5 ha of land. With the current
population growth trend and urban centres' development, the cultivated and owned land sizes are
likely to shrink as land fragmentation and sale continue. Land use in Nyandarua may be

categorized into forestry, agricultural, national park, township, roads and water bodies.

Table 3.2 Land use and area covered in Nyandarua County

Land use Sg. KM Area %
Built-up Areas 38.2 1.2
Farm Land 2,147 65.7
Protected & Hilly Areas 1,033.6 31.6
Wetland 28.10 0.9
Water Body 23.20 0.7
Total 3,270.12 100

Source: The 2018-2022 Integrated County Development of Nyandarua.
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Figure 3.4: The Land use of Nyandarua County
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3.8 Declining crop output in Nyandarua County

The trend of essential crop productivity in Nyandarua County has been stable or declining over
the years. This has been dramatically occasioned by climate variability where rainfall patterns
have changed, and temperature levels have increased beyond optimum or too low to cause
frostbite (Mburu B.K., 2013, Mwaura J.M., 2015 Limo WK, 2013). The heavy reliance on
rainfall has dramatically reduced crop production, such as maize and Irish potatoes. The reduced
agricultural productivity has further been worsened by the high and increased cost of inputs and
capital, especially fertilizers, certified and authorized seeds and seedlings and spraying
chemicals. In addition, several agricultural cooperative societies that used to assist farmers in
improving their crop yields have collapsed. This suggests that affordable lending options are no
longer available to a large number of farmers. Cheap inputs and proper education on how to
improve their production are also lacking.

The major crops grown and cultivated in the County include maize, wheat, vegetables, and Irish
potatoes. Because some of these crops are sold, they provide important sources of incomes and
substantial livelihood sources for the popular number of the households. Of the 184,900.0 ha of
arable land in Nyandarua, only 96,062 ha are farmed. More than half of the fertile area in
Nyandarua County is used for crop production due to the county's rather consistent rainfall.
Recent meteorological scenarios have revealed that some County regions are experiencing dry
spells and extremely low temperatures, resulting in crop failure and lower crop yields.
Nyandarua County, on the other hand, has a great potential for agricultural output because of

effective adaptation mechanisms.
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Table 3.3: Production of Main Crops and Aggregate values in 2012

Crop Production (Tonnes) (No. Of Hectares) Aggregate Value
(Kshs-Millions)

Beans 3065 6,812 183

Cabbages 164,370 10,958 821

*Irish Potatoes 461,657 36,446 5,935

*Maize 51,300 19,000 1,300

Carrots 23,170 2,317 231

Kales & Spinach 1,800 440 18

Pyrethrum 80 200 11.0

Wheat 16,605 4,100 442

Total 722,337 80,331 8,943

The 2018-2022 Integrated County Development of Nyandarua.

Table 3.4: Production of Main Crops and Aggregate values in 2016

Crop Production (Tonnes)  (No. Of Hectares) Aggregate Value
(Kshs-Millions)

Beans 988 4,152 69.2

Cabbages 280, 600 9, 200 1,400

*Irish Potatoes 451,290 33,035 8.12

*Maize 27,594 16,300 978

Carrots NIL 1,150 345

Kales & Spinach 26,000 1,300 520

Pyrethrum NIL 160 4.5

Wheat 9,729 3,520 324.3

Total 541, 601 60,917 4,169.12

The 2018-2022 Integrated County Development of Nyandarua.

*Crops considered in this study
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Tables 3.3 and 3.4 above compared the crops yield in tonnes, acreage in hectares and total value
in million Ksh for two years; 2012 and 2016. The two years chosen represented a five-year gap
in the statistics for crop production. Analysis of the figures provided allowed for projections on
possible performance five years ahead. From the statistics given by the County government, it is
evident that the output of major crops like maize and Irish potatoes had been declining.
Likewise, the size of cultivated land had also been reducing between the two years, from 80,331
ha in 2012 to 60,917 ha in 2016. These two occurrences have reduced the total earnings of the

County from 8,943 million Ksh in 2012 to 4,961 million Ksh in 2016.
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Figure 3.5 Farming systems in Nyandarua County

YSTEMS|

/FARMING S

= Nyandarua county boundary
m Administrative boundary

Farming systems

14 Central Kenya highiand
perrenial sub-system

fee ] 2 Hoeftractor maize mixed (Kenya-{.
Ugandan)} sub-system

22 East African agro-pastoral sub
B system
Data Sources:
Farming systems: FAO
Towns: GeoNames
Relief: ESRI
Roads: Digital Chart of the World
Boundaries: openAFRICA =CIAT

Source: The 2017 Kenya’s county profile of climate risks

61



3.9 Average size of farms and agricultural storage facilities in Nyandarua

Land in Nyandarua County is recently experiencing subdivision into smaller pieces due to
increased population and market forces. This land fragmentation is causing low productivity due
to poor land use, loss of soil fertility and overuse. Most of the small farms in Nyandarua are
found in areas initially occupied by white settlers during the colonial era. Farmers in the small
farms primarily practice mixed cropping, livestock and agroforestry. The few large farms in the
County are evenly spread, most of which is used for dairy farming and horticulture. The small-
scale and holder farmers in the region have traditional silos with a capacity of 20-30 bags of
maize or Irish potatoes. However, Irish potatoes and other vegetables may not be stored for long
because they are highly perishable. Therefore, there is a need for adequate cold rooms and
storage facilities for perishable agricultural produce as the only incomplete potato midland store
at Kinangop for Irish potatoes has a maximum capability of 65,000.0 bags only. The lack of
these facilities makes the farmers sell their produce directly from farms in many cases at a loss in
fear of spoilage and hence wastage. Located in Leleshwa (Kipipiri) and Ol’kalou are only two
National Boards for Cereals and Produce (NCPB) provisions with room capabilities of 50,000.0

bags and 100,000.0 bags, respectively.
3.10 Incidence of Landlessness in Nyandarua County

The colonial regime brought about the incidences of landlessness in the County, where
farmworkers who used to toil for the white colonists continued staying in the previous labour
campsites as squatters. Such areas include; Boiman, Gathanje, Githioro, Heni, Kaheho,
Kanyagia, Magumu, Mukeu, Murungaru, Ndaragwa, Ndunyu Njeru, Njabini, Ol'kalou, Passenga,
and Rurii. 2007 saw internally displaced persons flock in the County, exacerbating the number of

people without a land. However, the government has dealt with this situation well since 2009,
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when most families have been settled outside and inside the County on acquired pieces of land.
Nyandarua County IDPs have been established in Kaimbaga at olkalou, Kianjogu, Mawingo in

kipipiri, Mbuyu, Ol'joroOrok, Salient, and Uruku settlements farms.
3.11 Degradation of Environment in Nyandarua

The incidence of human encroachment to Aberdare forest and Lake OI'bollosat has caused a loss
of vegetation cover due to human settlement, poor agricultural undertakings, and increased
quarries. This encroachment has increased the vulnerability of land to topsoil erosion, reduced
forest cover due to illegal felling down of trees for wood, timber and charcoal production, and
threats of fire outbreaks. The long rains in 2018 saw flooding of high magnitude that had never
been witnessed there before. This is attributed to human activities such as farming and
construction, blocking natural waterways, and lacking proper waste and drainage systems. Due
to environmental degradation, Nyandarua County has been affected by silting significant rivers
and dams, reducing water levels. The evidence is that 151 dams out of 222 have been marked for
de-silting. Because of this excessive soil erosion, loss of soil fertility, and unfavourable climatic
conditions, Nyandarua County has experienced reduced agricultural production. Farmers have
been forced to use costly and unaffordable fertilizers, but the production is still low. Cases of
human-wildlife conflict have also been noted due to encroachment of Aberdare forest and Lake
Orl'bollosat. Moreover, the increased surface runoff due to erratic rainfall has reduced water

flows in major rivers, reducing water availability for agricultural, home, and livestock use.
3.12 Energy Access

The main energy source for cooking is firewood, although electricity is available in 10.5 per cent
of the County, primarily in the urban centres of Njambini, Ol'kalou, Mairo-inya in Ndaragwa and

Engineer. There is also a growing population with access to electricity scattered in trading
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centres across the County. Only 0.2 per cent of homes use electricity for cooking, while 77.8% of
households utilize firewood biomass as their principal fuel source for cooking. Charcoal is used
by 19.3 per cent of houses, paraffin by 1.4 per cent and biomass residue by 0.3 per cent.
Firewood is used by 0.3 per cent of households; paraffin is used by 82.7 per cent, electricity is

used by 10.5 per cent, and solar is used by 6.0 per cent.
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CHAPTER FOUR
RESEARCH METHODOLOGY

4.1 Design;

The descriptive study and survey design was utilized to analyze small scale farmers' adaptation
strategies, utilizing a checklist and questionnaire responses. This design allowed researchers to
draw conclusions and inferences from a sample population without control over dependent and

independent variables.
4.2 The analytical unit of the study population

All of the small-scale farmers in Nyandarua County were included in the study's target
population and sample frame. The Kenya Bureau of Statistics had published an estimated
number of 6,000 small scale farmers’ households in its 2019 survey. The unit of analysis was a
household that practiced small scale farming. The focus of the respondent was the household
head or leader. When the head of the home was unavailable, a dependable family member was

chosen to administer the questionnaire.

4.3 Sample Size

The sample size has been arrived at by using the Morgan and Krejcie (1970) formula which
facilitates sample size computations calculated from a given predetermined population (P). The
computation is such that the results are within a negative or positive value of 0.05 of the fraction
of the P calculated to a confidence level of 95%. This procedure is described by the formula

below

ximP(1-F)

i) 5s=— -
) d2(N—1)+xiP(1-P)
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Where: s = Sample size

N = size of population, in this instance 596,268 (Census, 2009)

n = total number of households in Nyandarua County. in this instance 119,254

P = population ratio assumed as 0.5 to provide a maximum amount of samples

d = degree of freedom in accuracy stated as 0.05
The formula gave a population sample size of 294 households as the number of respondents that
may have been used. However, to minimise the error of non-reporting a larger sample size of 300

farmer’s households was considered so as to cater for the non-responses.

4.4 Sampling Technique

The selection and choice of household was drawn using a multi-stage sampling technique which
involved first choosing a ward within a sub county, then selecting the households using
systematic sampling technique, which involved first randomly selecting a start point considering
the most significant population of study and then locating succeeding constant intervals between
the samples. The 10" small scale farmer household head followed the first small scale household
head chosen in a location. If the 10™ house hold head farmer was unavailable, the researcher
selected the 11™ one, and the process continued until a sample size of 300 respondents in the
entire region was reached. The sample size was distributed in proportionately within the five

sub-counties, as depicted in Table 4.1
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Table 4.1: The number of population samples in the distribution table

Sub- Region Total No. of No. of Selected no. of % of the total
County (Km?) Population households locations  households (n)  sample size
Ol’kalou  586.7 120,282 24,056 21 61 20%
Ol’jororok 389.1 95,643 19,129 8 48 16%
Ndaragwa 653.6 92,626 18,525 13 46 15%
Kinangop 822.0 192,379 38,476 16 97 33%
Kipipiri 543.7 95,338 19,068 12 48 16%
Total 2,995.1 596,268 119,254 70 300 100%

Source: Census 2009
4.5 Primary data

The preferred data recording and collection method in the study area was questionnaires
administered to select the small-scale farmers in the County. The questionnaires comprised of
unstructured and structured questions and were administered to the five sub-counties selected
farmers. Key informant interviews were conducted before and after compiling the first and
second objectives using structured and unstructured interview guides. This is because in any
research undertaking, the conclusions arrived at and the related recommendations largely depend
on validating the data collected at the initial stages with the expert opinions collected at the end

of the study.
4.5.1 Questionnaires

The household questionnaire administered in this study was a structured open and closed ended.

These questionnaires were administered to small scale farmers per household. The questionnaires
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were compiled in three thematic sections: (1) Demographic characteristics and household
biodata, (2) Climate variability and adaptation used by respondents, and (3) Socioeconomic
characteristics of respondents. The research utilized questionnaires for economical data
collection, enhancing reach and allowing participants to fill in without supervision. Physical

questionnaires were also provided to farmers for offline access through research assistant.

4.5.2 Key Informant Interviews

In-depth talks with people chosen for their extensive understanding of an area of research are
known as key informant interviews (Tremblay, 2009). Both structured and unstructured
methodologies were used. The study used an interview guide for assurance that they would
capture all relevant information. The interview was conducted before and after the compilation
of the first and second objectives chapters of the study. Twenty key informants and resource
persons were selected for the interview. The key informants and resource persons were
purposively sampled to include the deputy director of agriculture-crops in Nyandarua County
government, frontline extension officers, agricultural development officers and extension
officers in the area. The researcher perceived them as knowledgeable of the past and current
trends of climate variability, crop farming, and adaptations measures and strategies in Nyandarua
County. The key informants' interviews were essential in compiling the recommendations for
policymakers on climate variability and crop farming adaptation strategies derived from study

objectives and findings.

4.5.3 Field observation and photographing

A brief pilot study or reconnaissance was conducted in one of the sub counties to familiarize

with the area of study. During the reconnaissance, it was realized that some questions in the
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questionnaire were ambiguous and required clarity. It is from this pilot study that observation of
crop farming techniques was found to be a vital source of primary data.

Observation would help to note the critical aspects of farming systems, climate phenomena,
physical environment, and situations that people may not have revealed during the administering
of questionnaires (Ngigi, 2009). During observation, photographs were captured to visually
describe the present condition of farming and adaptations and capture the physical impressions

of climate and weather variability on crop farming.
4.6 Secondary data

Secondary data refers to the second hand information gathered from sources like books, reports,

articles, and surveys.
4.6.1 Maize and Irish potatoes output data

The study obtained the past statistical data for maize, and Irish potatoes yields and output from

the Ministry of Agriculture statistics and County agricultural office.

4.6.2 Nyandarua County rainfall variation and temperature statistics

The data set included rainfall amount and temperature statistics and data measured in Millimetres
and degrees Celsius respectively gathered during a 21-year span, or from 1999 to 2021. The
monthly observed and recorded values of rainfall and temperatures values were acquired from
the Kenya Meteorological Department and Nyahururu weather stations located at the Kenya
Agricultural Research Institute within the County. To ensure that there was no climate data gap
in the period of study that is from 1999 and 2019, the climate data collection involved a rigorous,
meticulous and comprehensive process of verification, comparison and validation of the data

obtained at Nyahururu weather substation with the KMD climate data abstracts.

69



4.7 Data analysis and presentations techniques

The statistical software package version 17 was used to analyze data. The data analysis
techniques for the primary and the secondary data included the following;- Frequencies of
Means, Percentages, Standard deviations and Coefficient of variance, Pearson Correlation and

regression coefficients.
4.7.1 Mean, Standard deviation and Coefficient of variance

The parameters applied to determine the extent of temperature changes and rainfall variability
were the mean, coefficient of variability (CoV), and linear regression. The annual averages
required the calculations of monthly total rainfall, as well as monthly maximum and minimum

values of temperatures.

T Mean Monthly Temperature
12 (Number of Months)

ii) Annual Average Temperature =

The mean annual rainfall is calculated by dividing the average monthly rainfall for each year by

the number of months.

Monthly Rainfall Totals
12 (Number of Months)

iii) Annual Average Rainfall = 2

To detect annual average rainfall and temperature trends across time, linear regression was used.
The linearity of the slopes of the relevant regression lines were used to define the rate of change
in a linear regression model (Karabulut et al., 2008). Due to rainfall seasonality, many missing
monthly readings may affect the seasonal rainfall trend computation, influencing the averages by
acting as extreme values. For this reason, the Pearson Correlation Coefficient was used to
connect the coefficient of variation (CoV) with the output of maize and Irish potatoes after the
yearly rainfall for the full time was calculated. Using the formula below, the CoV was computed

by dividing the standard deviation of the rainfall by the mean.
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Standard deviation

IV) Coefficient of variance =
) ff f Mean annual rainfall

The standard deviation statistic is a measurement of how far the data deviates from the mean
value. It aids in the comparison of data sets that have the same Mean but distinct ranges. The
standard deviation was calculated by subtracting the mean from monthly rainfall, adding it for n
months, dividing by n, and then square rooting to obtain the standard deviation.

The formula given below is used to calculate the standard deviation.

(Zizy (x—%)

V) Standard Deviation (s) = "~.|| Y

Where;

Y= Totality of individual values of (x; — ) for i - n (January to February)
n = Total sum of number of observations/values for12 months
x;=Cumulative number of variables x

x=Mean of the variable x

\=Square roots

The interpretation of CoV was that; the higher the CoV, the more the variability of the rainfall
quantity of the location, and the lower the CoV the less variable the rainfall was for the entire
period.

4.7.2 Pearson Correlation Analysis;

The study used the Pearson Correlation Coefficient to measure the specific climatic variables of
rainfall and temperature relationships with yields for particular food crops in the entire period.
The factors that might have affected the observed variance in the selected crop output were
identified with the aid of this analysis. In order to ascertain the correlation between the individual

climate variables of temperatures and rainfall amount and the yield of maize and Irish potatoes,
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the correlation coefficient (r) was utilized to produce a realistic numerical association between
two variables.
The following formula computed the correlation coefficient;

E o -2y —7)
12

r=— ,
[2Y, (=202 (3—5)?]

vi)

Where;

r= The Pearson's Correlation Coefficient (r)

Y= Summations of

x;= Sum Total of variables x

N = Sum Total observations

v;= Sum Total of variables ¥

x=Means of variables x

¥= Means of variables ¥

The student t-statistic test was applied to determine whether the correlation was significant at the
0.05 level of significance. Should the computed correlation value above the p-value, the null
hypothesis would be rejected. In the event that the calculated correlation coefficient was less
than the p- significance value, the null hypothesis was approved. Stated otherwise, a Pearson’s (r)
value near 1 indicates a potential high association in between the two elements, meaning that
changes in one were likely to have significant effects on changes in the other. There was little to
no correlation between the two statistical variables when Pearson's was near 0. A negative
association implied that a positive change in one variable would probably result into a negative

change in the other, as indicated by a Pearson correlation (r) of -ve.
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4.7.3 Linear Regression Analysis

The variation of selected crop output due to selected climatic variations was determined by
running a simple regression model using MS Excel where the crop output was the predicted
outcome (dependent variable) against the climatic variables which were the independent
variables. The regression analysis was reported in the form of adjusted regression value R?, P
significance value, and regression equation;

vii)  Y=Bo+ X1 +E

The regression value R? was analysed using a scale of 0-1 so as to measure and determine the
levels of significance. When the R? value was equal to or greater than 0.5 (50%), the relationship
was considered significant. On the other hand, when R? was less than 0.5, the relationship

between the variables was considered insignificant.
4.7.4 Multiple Regression Analysis

In order to evaluate the climate variability effects and influence on crop output in totality and test
the associated hypothesis, the multiple logistic regression analysis was undertaken where each of
the crop output was regressed as a function of the selected climatic variables of this study which
were mean annual rainfall (x;), mean annual minimum temperature (X,) and mean annual
maximum temperature (x3) (Table 4.7). Using a multiple regression equation, the analysis of
multiple regression results were displayed as shown below;

viii) Y = Bo + X1 + BXo + B1X5 + £, the multiple regression coefficient of variance (R?) and the
significance levels (P).

4.7.5 Multinomial Logistic Regression (MLR)

The study evaluated the significant link between the dependent variables (adaptation strategies

under investigation) and the independent variables (demographic and socioeconomic
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characteristics) using multinomial logistic regression technique. The MLR was also used to
evaluate the success and effectiveness of the adaptations strategies adopted by the small scale
farmers in improving the crop yields or output. The Multinomial Logistic Regression, also
known as Multinomial Regression, is a complex inferential statistic tool used to predict an
outcome of a nominally dependent variable subjected to more than independent variables. It is an
appropriate tool of analysis that allows a dependent variable with two or more possible
categories to be included in the model. Multinomial logistic regression analysis predicts
dependent variable outcome using continuous or nominal variables. Adaptation strategies
included crop diversification, planting resistant/fast-maturing varieties, adjusting planting dates,
and income diversification. The study assumed farmers could only adopt one strategy at a time.
The coding of the adaptation strategy in SPSS was as follows; adopters =1, non-adopters =0.
Before subjecting the data to MLR, several tests were done to ensure that the data to be analysed
fit the method. The following assumptions were made based on the preliminary tests to ascertain
the validity of the data;

i) The dependent and independent variables were measured in nominal and treated as
continuous data.

i) The independent variables were assumed to be mutually exclusive with no
multicollinearity, where two or more independent variables were not significantly
correlated.

iii) To establish a linear association between the continuous independent variables and the

dependent variable, the outliers were eliminated.
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Before estimating the regression model, it was crucial to check the existence of multicollinearity
from the explanatory variables. In order to ascertain these assumptions, the data was checked
using the SPSS statistical tool.
The Multinomial Logistic Analysis model for including adaptation strategies, according to
Magombo et al., (2011), specifies the link between the probabilities of selecting an adaptation
given a set of independent explanatory variables. In this case, each adaptation strategy was
regressed as a function of the selected socio-economic variables of the respondents, which were
age (x1), gender (x2), size of land under cultivation (x3), levels of income (x4) and level of
education (x5) among others. The test analyzed four adaptation strategies: crops diversification,
new crop variety, adjusting planting dates, and income diversification, which were categorical
and not ordered meaning they may be applied or not (Yes or No).
The independent variables for this test were the demographic and socio-economic factors which
were also categorical.
ix) Yi= B0+ p1X1 + f1X2 + B1X3+ B1X4 + B1X5 ... + éi,
Where;
e Yi = adaptation strategy (crop diversification, planting of new resistant/fast-maturing crop
variety, adjusting planting dates, and income diversification).
e [0: is the y intercept
e Xi,wherei=1,2,3,4,5....n, are descriptive variables (Socio-economic factors)

e fBI...... Bn: presents the equation slopes in the model.

The Multinomial regression output was presented in tabular formats of Goodness-of-Fit, model
fitting information and parameter estimates tables. Multinomial logistic regression was the

preferred design for evaluating the interrelationship between the categorical variable to more
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than one or two independent variables; by estimating the possibility of different outcomes of
categorically distributed dependent variables given a group of unrelated variables, which may
also have been categorical. In order to evaluate and assess the effectiveness of the adaptations
strategies adopted by the small-scale crop farmers in increasing the crop yields or output using
the model, the independent variable, in this case was whether the adaptation techniques and
strategies were very effective, either effective, or not effective. Again, these predicted outcomes
were categorical and not ordered. Conversely, the dependent variables were the four adaptation
strategies, i.e., crops diversification, new crop variety, income diversification and adjusting the
planting dates.

Reporting the multinomial regression results was achieved by mentioning the Log-likelihood
intercept of the multinomial regression equation (Wald: Likelihood Odds Ratio), the multinomial
regression coefficient of variance (B), The exponential values of the coefficients (Exp (B)),
Marginal Effects (ME), Pseudo R-squared (R?) and the significance levels (P). The two measures
of regression were used to assess how well the model fitted the data. This assessment was
provided by the Goodness-of-Fit table. Large chi-square values, i.e., more than 1000, indicated a
poor model fit. The P-value indicated whether the model was significant or not in giving the
results. The model fit the data well and was significant when P was less than 0.05. The model
fitting information table presented whether all the coefficients were statistically significant to the
model. Pseudo R-Square (R?) was also used to predict the proportion of variance that the model
could explain. Pseudo R Squared measures the variations between two or more independent
variables whereby the variation is between Zero and One. Zero means no variation, while one

means perfect variation. The parameter estimates tables presented the coefficients of the model.
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To determine if an independent variable predicted the potential result of the dependent variable,

the exponential values of the coefficients (Exp (B)) were taken into account.
4.8 Descriptive Statistics

Following data collection, recording, and analysis, it was prudent to represent the insight in a
meaningful form for several users. This study presented data in tables, graphs, pie charts, and
photographs. The correlations between two or more categorical variables were displayed using
cross-tabulation statistics. This mode of statistics represented the values of the variables in
tabular format with one variable determining the rows and the other producing the columns.
Cross-tabulation tables are also referred to as contingency tables. They helped to understand the
correlation between different variables. Cross tabulation is a descriptive statistic that summarizes
the relationship between different variables of categorical data. The limitation of cross-tabulation

tables is that it does not create any inferential statistics.
4.9 Research Ethics

Before starting the field research to gather the data, the researcher made sure they had all the
necessary permissions from several authorities. These authorities were Local Chiefs and
Assistant Chiefs (Public Administration), the County Government of Nyandarua, the University
of Nairobi, and the National Commission for Science, Technology & Innovation (NACOST]I).
The researchers made certain that the participants comprehended that the activity was optional
and that any private information provided would remain private. Throughout the investigation,
the researchers adhered to the ethics code by reporting truthfully and acting impartially when

gathering, analyzing, and interpreting data.
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CHAPTER FIVE
ASSESSMENT OF CLIMATE VARIABILITY AND CROP FARMING

5.1 Introduction

Based on the initial goal of evaluating the climate variability in mean annual rainfall and
temperature and its impact on crop farming (maize and Irish potato output) in Nyandarua
County, this section includes the analysis, interpretation, and discussion of the research findings.
In order to fulfil the first goal, the researcher examined temperature variations and rainfall totals
in Nyandarua County over a 21-year period, establishing a relationship between the two factors
and the yield of two crops (Irish potatoes and maize). The mean, standard deviation, and
coefficient of variance were used as descriptive statistics to analyze the climate's variability and
the components of crop output. Regression analysis statistics and inferential correlation were
employed to determine the association between the two meteorological conditions and the yield
of the chosen crops. The two climatic factors' variability were determined by simple line trend
and scatter graphs. The scale of scatter graphs is given at intervals of five years where the start
year of 1999 can easily be traced as the point before 2000. A five year scale interval starts at
2005 and ends in 2020. At the same time, the hypothesis related to this research question and
objective was analysed and tested based on the results and inferences of the regression and
correlation analysis technique. The findings based on each outcome are discussed systematically
later in the chapter. In conclusion, the chapter presents a brief conclusion of issues discussed and

analysed regarding the first objective.
5.2 Rainfall amount variation and Temperature variability
The mean, standard deviation, and coefficient of variance were used as descriptive statistics to

analyze the variability of the two climate parameters. The variance was determined by running a

78



trend and scatter graph analysis where the climatic variables were distributed over 21 years. The
variance results were presented in the form of a trend line and scatter graph. The Nyahururu
meteorological station and the Kenya meteorological service provided secondary climate data for
this investigation.

5.2.1 Nyandarua County's mean annual rainfall trend (1999-2019)

Table 5.1 presents descriptive information indicating that the average annual rainfall over the
past 21 years was 1042.80 mm, with a standard deviation of 229.92. The mean annual range was
75, while the mean annual rainfall variance was 367.12. The yearly rainfall figures for the

minimum and maximum were 672 mm and 1,572 mm, respectively.

Table 5.1 Descriptive statistical data for rainfall amount in mm

Descriptive Statistics Total annual rainfall Mean annual rainfall
Mean 1.042.80 86.9
Standard Deviation 22092 19.16
Maximum 1.572.00 1310
Minimum 672.00 56.0
Variance 52,864.70 367.12

N 21 21

Source: Researcher 2021

The study's other findings, as displayed in table 5.7, reveal that the annual mean rainfall
increased between 1999 and 2006. But from 2007 to 2019, there was a significant range in the
mean annual rainfall between high of 117.4 mm and off peaks of 67.1 mm. The last three years
preceding the study (2017-2019) saw the area experience a steady rise in mean annual rainfall.
However, some particular years between 1999 and 2019 registered very low mean annual

rainfall, impacting reduced crop output in Nyandarua County. These low rainfall regimes
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include; the year 2000 (56.0mm), 2009 (59.1mm) and 1999 (65.5mm). In addition, the physical
observation of the scatter graph presented below in figure 5.1 indicates that the highest rainfall
fluctuation was experienced and recorded between 2007 and 2013. The mean annual rainfall
between 2002 and 2007 supports Jaetzold et al.'s (2007) finding that rainfall patterns and

intensity in central Kenya were slightly unpredictable.
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Figure 5.1: A scatter graph of the trend of mean annual rainfall (1999-2019)

Source: Researcher 2021
5.2.2 Trend of mean annual temperature in Nyandarua County (1999-2019)

Temperature changes were observed for 21 years in both annual and maximum temperatures.
Descriptive statistics for these variables indicate that the lowest annual minimum temperature
(7.5%) was recorded in 2004, while the annual average maximum temperature (24.0%) was
recorded in 2000. The 21 years annual average minimum temperature was 8.52°, while the
annual average maximum temperature was 22.21°%. Table 5.2 below compares more descriptive

statistics related to this variable.
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Table 5.2 Descriptive statistics for temperature in %

Descriptive Statistics The annual average minimum Annual average maximum

temp. in % temp. in %
Mean 8.52 22.21
Standard Deviation 1.23 1.05
Variance 1.48 1.09
Minimum 7.50 20.40
Maximum 11.60 24.60

Source: Researcher 2021

The trend analysis for this variable in figure 5.2 indicates that variation in minimum annual
temperature was much higher than in maximum annual average temperature. These results were
further elaborated in line graphs which presented variations of annual average temperature across
the 21 years between 1999 and 2002. There was a continuous rise in both maximum and
minimum temperatures uniformly. A drop of 3% followed this in both temperatures between

2002 and 2003. From the year 2003 to 2019, the temperature did not change significantly.
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Figure 5.2: A line graph showing the trend of mean annual minimum and maximum
temperature (1999-2019)

Source: Researcher 2021
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5.3 Maize and Irish Potato output variability

The study analyzed the variability of the two crop output elements using descriptive statistics of
mean and standard deviation. The variance was determined by running a trend and scatter graph
analysis where the crop output variables were distributed across the 21 years (1999-2019). The
results of this variance were presented in the form of the trend line and scatter graphs. Secondary

crop output data was obtained from Nyandarua County Government, department of agriculture.
5.3.1 Variation and trend of maize output in Nyandarua County

The County government of Nyandarua provided the data, which was based on 21-year annual
crop output analyses. It showed that, between 1999 and 2019, maize output averaged 29,145.76
tonnes, with a maximum of 54,951 tonnes recorded in 2011 and a minimum of 10,343 tonnes
recorded in 2000. There was a noticeable decrease in the amount of maize produced between
2013 (53,575 tonnes) and 2014 (10,343 tonnes). Rainfall was also highest in 2013 (131mm),
followed by a sudden drop in 2014 (74.9mm). This relationship indicates a positive correlation
between rainfall amount and the output of maize between these two periods. However, a detailed
observation revealed that in 2011 when the annual rainfall was 1080mm with a mean of 90mm,
produced the highest maize crop output of 54,951 tonnes. This result showed that crop
productivity was not always maximized by maximum rainfall. Perhaps the maximum output of
maize could have been attributed to by effective application of proper adaptation strategies. This
finding was also noted by Adam et al. (2020), whose findings revealed that climatic factors could
not sustain high crop yields alone unless accompanied by proper adaptation measures. In
addition, the adaptation techniques and measures employed by the small scale farmers during

this period could have improved the crop output despite a drop in the amount of rainfall. This
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finding calls for proper assessment of the small scale farmers' adaptation strategies for
sustainable crop output amid the observed climatic variation.

The scatter graph for this variable in figure 5.3 indicates that there was a significant variation in
maize output for 21 years. This variation in output created the need to investigate possible
causes, i.e. the adaptation strategies that have so far been applied and to come up with possible

solutions to maintain the stability in maize output.
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Figure 5.3: A scatter graph showing the variation of maize output in tonnes (1999-2019)

Source: Researcher 2021

5.3.2 Variation and trend of Irish potatoes output in Nyandarua County
Regarding this variable, the study indicates that Irish potato output increased between 2009 and
2019, as shown by the scatter plot in figure 5.4. The annual trend of Irish potato output was
noticed to have increased as the quantity of output varied over the years. The average output of
Irish potatoes was found to be 382,789.43 tonnes. Irish potatoes' mean output was 13 times more

than the mean output of maize. This comparison of the means indicates that the Irish potato was
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a dominant crop in Nyandarua County. The high output could have resulted from favourable
ecological conditions and the fact that it takes less time to mature than maize. The maximum
output of Irish potatoes (1,145,995 tonnes) was recorded in 2011, while the minimum output
(84,700 tonnes) was recorded in 2008. The increasing output trend in Irish potatoes was also

noted in a study by Karanja (2013) in the Ol-jororok division in Nyandarua County.
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Figure 5.4: A scatter graph showing the variation of Irish potatoes output in tonnes (1999-
2019)

Source: Researcher 2021

5.4.1 Rainfall variability and selected crop output

Analysis of these two groups of variables using comparative line graphs revealed some
observable relationships between them. For example, between 1999 and 2000, a decrease in the
mean annual rainfall was associated with a decrease in maize and lIrish potato output. Between
2000 and 2001, there was a significant rise in mean annual rainfall, which collaborated with a
significant rise in maize and Irish potato output. Between 2002 and 2005, the mean annual

rainfall was relatively stable and likewise was the output of the maize crop. Between 2013 and
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2014, mean annual rainfall decreased significantly from 131mm to 74.9mm, while maize output
fell sharply from 53,575 tonnes to 14,017 tonnes. The last three years preceding the study
showed a significant increase in rainfall.

Consequently, a significant increase in crop output, especially maize, was recorded. A further
observation of the comparative graphs, however, presented a situation where the rainfall
variability was related to the variability of maize much more than the Irish potatoes. More

research may be carried out to establish the cause of this relationship.
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Figure 5.5: A comparative line graph showing the trends of mean annual rainfall and
maize output in tonnes

Source: Researcher 2021

The aforementioned graphic demonstrates how rainfall and maize crop output were positively
correlated in numerous years throughout a 21-year period. However, other agronomic factors,
such as an increase in the area that could be farmed, a decrease in pests incidence and diseases,
or even a decrease in post-harvest losses, could have contributed to the inverse relationship

relating the factors of rainfall and maize output in the years 2007 and 2011, where an increase in
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rainfall did not correlate with an increase in maize output. The Kenya’s Seed Company (2013)
states that appropriate adaptation tactics have moderated other agronomic parameters and
favourable meteorological conditions are necessary for successive maize production.

In this case, rainfall alone may not guarantee optimum production of maize. Indeed no other
crop utilizes sunlight more effectively than maize (Du Plessiss, 2003). The average output of
maize on any farm is said to be the product of climate and soil. Schroeder et al. (2013) suggest
that the optimal soil for maize is one with adequate depth, favorable morphological properties,
proper nutrients, good internal drainage, and optimal moisture, optimal rainfall potentially

influencing maize output.
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Figure 5.6: A comparative line graph showing the trends of mean annual rainfall in mm
and Irish potatoes output in tonnes

Source: Researcher 2021

From the above figure 5.6, it can be seen that in most of the years between 1999 and 2019, a
change in rainfall amount correlated positively with a change in Irish potato output. However, a
few years recorded an opposite correlation, i.e. 2010, 2011 and 2019. This inverse correlation

perhaps resulted from changes in seasons, temperature variations, and changes in the proportion
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of cultivatable land or probably a change in pests and incidence of diseases or even variations in
after-harvest losses. However, an in-depth investigation of the causes of this relationship was not
done since it was not within the scope of the study. Therefore, the cause for this inverse
relationship creates a gap that can be investigated in further studies and subsequently generate

new knowledge in this field of research.

5.4.2 Temperature variability and selected crop output

The highest and lowest temperatures are crucial in the growth and development of many food
crops, especially in the equatorial region. Most crops in Kenya do well at optimum temperatures.
Analysis of this variable with the selected two food crops using a comparative line graph
presented a different scenario. The two food crops under examination and variations in the mean
annual maximum and lowest temperature showed negligible apparent correlations. It was
predicted that crop yield would be significantly reduced if temperatures rose above the optimal
range. A temperature drop that is more than ideal would likewise cause a notable fall in crop
yield.

Based on the comparative graphs presented in this study, it was concluded that temperature
change is a less predictor of the variability of crop output than rainfall amount variability. This
conclusion is one the new knowledge generated by the study. Smit et al., (2000) found that a
significant rise in mean temperature beyond a threshold may cause a decrease in agricultural
output.

Figure 5.7 indicated a sharp rise of Irish potato output between 2009 and 2011 even when the
temperatures did not change significantly. There was not enough data to explain this unusual
trend but perhaps other factors such as proper land management, introduction of new species and

reduction in postharvest losses may have contributed to this sharp rise.
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Source: Researcher 2021
5.4.3 Pearson Correlation between climate variability and crop output;

The researcher used secondary rainfall and crop output data from the KMD and the County
Agricultural Statistics Office to establish the association between rainfall variability and crop
output (Maize and Irish potatoes) in order to evaluate the influence of rainfall variability on crop
farming. The Pearson correlation inferential statistics were used to measure this relationship. The
output of this analysis was the correlation coefficient (r) used to critically establish the extent of
relationships between the two absolute variables. The strength of the relationship was measured
using a scale of 0 to 1. In other words, when Pearson's value of correlation was near 1, there was
a strong relationship between the two investigated variables suggesting that a change in one
variable was strongly linked to a change in the 2" variable. There was little association between
the two related variables when Pearson’s correlation value was near to 0. A negative association

implied that a positive change in one variable would probably result into a negative change in the
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other when Pearson's correlation value was —ve. The student t-test statistic was used to determine
whether the connection was significant at the 0.05 significance levels. The null hypothesis was
rejected if the correlation value that was found was greater than the p-value of 0.05. In the event
that the computed correlation value (r) was smaller than the p-value, the null hypothesis was

accepted.

Table 5.3: Summary table for Pearson correlation values between rainfall and

temperature variability and the selected crop output

Correlations; Annual Annual Average  Annual Average
Average Minimum Temp.  Maximum Temp.
Rainfall in mm in°c in %
Maize Output  Pearson’s Correlation 687" -.187 -.316
in Tonnes Sig. (2-tailed test) .001 417 163
N 21 21 21
Irish Potatoes Pearson’s Correlation 296 -.241 -.284
Output in Sig. (2-tailed) 193 .292 212
Tonnes N 21 21 21

** When using a two-tailed test, correlation is significant at 0.05 levels.

Source: Researcher’s computations 2021

For the 21 years (1999-2019), a correlation analysis between rainfall variability and maize yield
was conducted. Between the two variables, the Pearson correlation coefficient was 0.687. Given
that the Pearson correlation value was near to 1 and greater than the p-value of 0.05, there was
clearly a substantial positive association between the two dependent and independent variables.
This was interpreted to mean that rainfall variability greatly influenced the variation of maize
output within 21 years. This means there was enough evidence to reject the hypothesis (Ho)

which stated that rainfall variability had not significantly impacted crop farming (maize output)
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in Nyandarua County. Likewise, the Pearson correlation coefficient value between rainfall
variability and Irish potato output was » =0.296. The co-efficient value was larger than the p-
significance value of 0.05 but close to 0, which meant a weak positive significant relationship
between the two study variables. This was interpreted to mean that rainfall variability less
influenced the variation in Irish potato output within 21 years.

The minimum temperature variations and maize yield had a 0.187 Pearson correlation
coefficient. There was a weak negative association between the variables under investigation, as
indicated by the negative Pearson correlation value that was close to zero and bigger than the p-
value of 0.05. This was interpreted to mean that minimum temperature variability less influenced
the variation of maize output within 21 years negatively. This means that a slight rise in
minimum temperature contributed to an insignificant decrease in maize output as well as the
opposite. Likewise, the Pearson correlation coefficient value between minimum temperature
variability and Irish potato output was r = —0.241. There was a weak negative association
relating the two variables, as indicated by the negative Pearson correlation value that was close
to zero and bigger than the significance p-value of 0.05. This also meant that a rise in minimum
temperature was linked to an insignificant decrease in Irish potato output and likewise the other
way round. These two relationships were therefore considered insignificant.

The Pearson correlation coefficient value between maximum temperature variability and maize
output was r = —0.319, as shown in table 5.3. This Pearson correlation value was larger than the
significance p-value of 0.05 but in a negative direction and close to zero, which means there was
also a weak negative association between the two variables. This was interpreted to mean that
maximum temperature variability influenced less negatively the variation of maize output within

21 years. This means that a rise in maximum temperature resulted in a decrease in maize output
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and vice versa. Likewise, the Pearson correlation coefficient value between maximum
temperature variability and Irish potato output was r = —0.284. This correlation statistic was
larger than the p- significance value of 0.05 but in a negative direction and close to 0, which
meant a weak negative significant relationship amongst the two factors. This means that a slight
rise in maximum temperature resulted in a slight decrease in Irish potato output and the opposite

as well.

5.5 Linear Regression Analysis of climate variability and selected crop output

The variation of selected crop output due to selected climatic variations was determined by
running a simple regression model using MS Excel, where the crop output was the predicted
outcome (dependent variable) against the climatic variables that were the independent variables.
The regression analysis was reported in the form of adjusted regression value R?, P significance
value and regression equation Y = Bo + B1X1 + é. The regression value R? was analysed using a
scale of 0-1 to measure and determine the significance level. The relationship was regarded
significant when the R? value was equal to or greater than 0.5 (50%). On the other hand, when R?
was less than 0.5, the relationship between the variables was considered insignificant.

The variation results were presented in the form of a trend line graph, scatter graph and the slope
of the regression equation. The regression analysis as an inferential statistic was used to partially
test how much rainfall variations and temperature changes resulted in significant changes in

selected crop output.
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Table 5.4: Model Summary for Linear regression analysis

Model Variables

Rainfall
Maize output
Rainfall

Irish potatoes output

amount and

amount and

Maximum  temperature
and Maize output

Minimum  temperature
and Maize output

Maximum  temperature
and Irish potatoes output
Minimum  temperature

and Irish potatoes output

Model (Regression
equation)
y=463x - 11101 + &.

y=4159.5x+21330 +
£
y=-3907.4x+115945
+¢
y=-1984.4x+46051
+¢
y=-73286x+2010790
+¢
y=-53420x+837876
+¢

0.6869

0.2958

0.3161

0.1870

0.2843

0.2413

Square
0.4718

0.0875

0.0999

0.0349

0.0808

0.0582

Adjusted R

Squared

0.4440

0.0395

0.0525

-0.0159

0.0324

0.0086

Std.

Error

9633.42

264044.2

12575.26

13021.29

265009.3

268249.16

Df

(1, 19)

(1, 19)

(1, 19)

(1, 19)

(1, 19)

(1, 19)

16.97

1.82

211

0.69

1.67

1.17

0.0006

0.19

0.16

0.42

0.21

0.29

Source: Researcher’s computations 2021

5.5.1 Rainfall variability and selected crop output-Linear Regression Analysis

Equation Y = 463x - 11101 + a described the nature of the slope of the regression line of rainfall
variability and maize yield. Rainfall was responsible for 47.18% of the variation in maize yield,
according to the regression value of R? = 0.4718. The Coefficient of variance test, F (1, 19) =
16.97, P = 0.0006, indicates that rainfall variability significantly contributed to changes in maize
crop output. This is because the regression value R? = 0.4718, having been rounded off to a
whole number, indicated that rainfall variability significantly contributed to 50% of changes in

maize crop output. In this case, there was considerable evidence of rejecting the null hypothesis

associated with this variable.
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Figure 5.8: A scatter graph showing the variation in maize output due to mean annual

rainfall (1999-2019) and the slope of linear regression analysis

Source: Researcher 2021

The linear regression line for Irish potatoes output and mean annual rainfall produced the linear
equation of y=4159.5x+21330 + £ and regression value R?=0.0875. These results indicate that
rainfall variability resulted to an 8.75% variation in Irish Potato output. These tests were not
statistically significant at P=0.19, which is more than the significance level of 0.05. However, the
relationship of the two variables given by R® = 0.0875 indicates that there was no significant
relationship and, therefore, there was no evidence to discard the null hypothesis. This is because
rainfall variability alone could not explain 91% of the variation in Irish potato output.

The null hypothesis that rainfall variability did not influence the variability of Irish potatoes
failed to be rejected. This implied that factors other than rainfall greatly influenced potato crop
farming and subsequent output. Agronomic factors such as morphological properties of soils,

proper application of fertilizers, pest and disease control, change in the size of cultivable lands,

93



management of losses after harvests, etc., have a greater influence over the production of
Kenya's main crops.

These results further indicate that variation in maize output was much higher due to variation in
rainfall than the output of Irish potatoes. These results were similar to the findings of Mikalitsa
(2010), where climate variability as manifested by rainfall unreliability and prolonged drought
was among the top possible cause of reduced crop output in Kenya. The results though differed
significantly in terms of variance, where the current study variation of 8.75% in Irish potato
output due to rainfall was minimal. Perhaps other major agronomic and socio-economic factors,
including some adaptation strategies greatly influenced the output of Irish potatoes in the study
area. These factors may range from changes in seasons, temperature, cultivable land size, pest
reduction, diseases, and after-harvest losses which can impact agricultural production.

This finding concurred with a study by Masabnni, J. (2009), which indicated that differences in
Irish potato tuber development were not significantly related to changes in soil moisture due to
rainfall variations. This is because high rainfall accompanied by hot weather leads to the
breakage of tubers. In addition, too much water enlarges the pores on the tubers and makes them

rot quickly. This effect ultimately results in reduced Irish potato crop output.
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Figure 5.9: A line graph showing the trend of Irish Potatoes output against mean annual
rainfall (1999-2019) and the slope of linear regression analysis
Source: Researcher 2021

5.5.2 Temperature variability and maize output - Linear Regression analysis

The linear regression analysis of maize output and mean annual maximum temperature was
explained by the equation y=-3907.4x+115945 + ¢. The linear regression value of R?=0.0999
indicates that 9.9% variation in maize output was due to variation in maximum temperature.
Perhaps other major agronomic and socio-economic factors, including some proper crop-related
adaptation strategies, greatly influenced the output of Irish potatoes. These factors may range
from changes in seasons, temperature, cultivable land size, pest reduction, diseases, and losses
following harvest which can impact agricultural production.

The Coefficient of variance test, F (1, 19) =16.97, P=0.16, indicates that the maximum
temperature variability did not significantly contribute to changes in maize crop output. This
sample did not provide enough evidence for rejecting the null hypothesis. Regarding mean
annual minimum temperature, the linear regression analysis of maize output was defined by the
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equation y=-1984.4x+46051 + §. The regression value of R?=0.0349 indicates a 3.5% variation

in maize output due to variation in minimum temperature. The Coefficient of variance test, F (1,

19) = 0.69, P= 0.42, indicates that the minimum temperature variability did not significantly

contribute to changes in maize output. This sample did not provide enough evidence for rejecting

the null hypothesis.
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Figure 5.10: Scatter graphs showing the variation in maize output due to mean annual

minimum and maximum temperatures changes (1999-2019)

Source: Researcher 2021

5.5.3 Temperature variability and

Regression analysis

Irish potatoes crop output- Linear

The linear regression analysis of Irish potatoes output and mean annual maximum temperature

was defined by the linear equation y=-73286x+2010790 + £. The regression R?=0.0808 indicates

an 8.1% variation in Irish potato output due to variation in maximum temperature. The

Coefficient of variance test, F (1, 19) =1.67, P=0.21, indicates that maximum temperature
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variability did not significantly contribute to changes in Irish potato output. This sample did not
provide enough evidence not to accept the null hypothesis. Concerning mean annual minimum
temperature, the linear regression analysis of Irish potato output was described by the linear
equation y=-53420x+837876 + ¢. The regression value of R?=0.0582 indicates a 5.9% variation
in Irish potato output due to variation in minimum temperature. The Coefficient of variance test,
F (1, 19) = 0.69, P= 0.42, indicates that the minimum temperature variability did not
significantly contribute to changes in Irish potato output. This sample also did not provide
enough reason of rejecting the null hypothesis. These results however contradicted the findings
of Ojwang et al, (2011). They revealed that a change in the least temperature is more significant
in crop output than a change in the maximum temperature. The optimum temperature range for
Irish potatoes is from 16% to 20°c (Kenya Seed Company, 2013). Temperatures above 32°%
result in poor Irish potato tuber initiation, while shallow temperatures result in frost action that is
too sensitive to Irish potato plants (Schroeder et al., 2013).

In Nyandarua County, the highest output of Irish potatoes was achieved at a minimum
temperature of 7.7°% and 8.7°% and a maximum temperature of between 21.9°% and 22°. The
minimum temperature for the entire period was between 7.5% and 11.6%. Likewise, the
maximum temperature recorded for the entire period was between 20.4% and 24.6%. These two
indicators illustrate that Nyandarua County attained the optimum temperature for maximum Irish
potato production. However, the freezing and low temperatures experienced perhaps impacted

the crop output negatively due to the incidence of frostbite.
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Figure 5.11: Scatter graphs showing the variation in Irish potatoes output due to mean

annual minimum and maximum temperatures changes (1999-2019)

Source: Researcher 2021

5.6 Using the Multiple Regression Analysis to assess the impact of

temperature variations and rainfall changes on crop output

To evaluate the overall effect of climate variability on specific crop productivity and verify the
related hypothesis, a multiple regression analysis was carried out where each crop output was
regressed as a function or element of the selected climatic variables of the study which were the
mean annual rainfall (x;), mean annual minimum temperature (x;) and mean annual maximum
temperature (x3) (Table 5.7). The results of the multiple regression analysis have been presented
in the form of the multiple regression equation Y = Sy + f1X1 + B1X2 + [1X3 + €, the multiple
regression coefficients of variance (R? and the significance levels (P). The results and
interpretation of the multiple regression statistical analysis was used to test the hypothesis for the

first objective in totality.
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5.6.1 Multiple regression analysis for maize output as a function of rainfall

changes and temperature variations
The multiple regression analysis for this association gave the following results in table 5.5:

Table 5.5: Multiple regression analysis model summary (1)

Model (Regression (R) R Adjusted  Std. Error Df F P
equation) Squared R Square  of the

Estimate
y=-71821.86+546.85x;- 0.73 0.53 0.44 9648.69 (3,17) 6.29 0.005
3891.65x,+3898.36x3+ €

a. Predictors: Rainfall, Minimum and Maximum Temperature changes

b. Dependent variable: Maize output in tonnes
Source: Researcher’s computations 2021
The above table shows the results of the multiple regression where maize crop output was
regressed as a function of the selected climatic variables of this study which were the mean
annual rainfall (x;), mean annual minimum temperature (xz) and mean annual maximum
temperature (xs) (Table 5.5).
From the above results, it was interpreted that 53% of the variation in maize output resulted from
the combined climatic factors used in this study. The findings indicate that the P-value of 0.005
was less than the established significance level of 0.05, and the test was statistically significant.
In this case, it was concluded that there wasn’t enough evidence for rejecting the null hypothesis.
Therefore the null hypothesis that rainfall and temperature variability had not significantly

impacted crop farming (maize crop output) in Nyandarua County was rejected. Considering the
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fundamental crop performances in Kenya, Wambua et al. (2018) also concluded that maize has
been the most negatively affected crop in the last two decades by climate variability. Other
similar studies have documented that the trend of crucial crop productivity in Nyandarua County
has either been stable or declining over the years occasioned by climate variability where rainfall
patterns have changed. Temperature levels have increased beyond optimum or too low to cause

frostbite (Mburu B.K., 2013; Mwaura J.M., 2015; Limo W.K., 2013).
5.6.2 Multiple regression analysis for Irish potatoes output as a function of
temperature and rainfall variability

The multiple regression analysis for this association gave the following results in table 5.6:

Table 5.6: Multiple regression analysis model summary (2)

Model (Regression (R) R Adjusted R Std. Error of Df F P
equation) Square Square the Estimate

y=373003.53+4092x;-  0.37 0.14 -0.01 271246.71 (3,17) 0.91 0.457
52726.9X,+4654X3+ ¢

a. Predictors (Independent variables): Rainfall, Minimum and Maximum Temperature
changes

b. Dependent variable: Irish potatoes output in tonnes
Source: Researcher’s computations 2021
The above table shows the results of the multiple regression where Irish potatoes crop output is
regressed as a function of the selected climatic variables of this study which are mean annual
rainfall (x;) and mean annual maximum temperature (x3) and mean annual minimum

temperature (x;) (Table 5.6).
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From the above results, it was interpreted that only 14% of the variation in Irish potato output
resulted from the climatic factors used in this study. The results indicate that the P-significance
value of 0.457 was more significant than the established significance levels of 0.05, and
therefore the test was not statistically significant. In this case, it was concluded that there was not
enough evidence to reject the null hypothesis. Therefore the null hypothesis that rainfall and
temperature variability had not significantly impacted crop farming (Irish potatoes crop output)
in Nyandarua County failed to be rejected. According to the results, this implies that the climatic
variables used in this study did not influence the output of Irish potatoes significantly, unlike
maize output. Therefore perhaps there were other major agronomic and socio-economic factors,
including some proper crop-related adaptation strategies, which greatly influenced the output of
Irish potatoes. These factors may range from changes in seasons, temperature, cultivable land
size, pest reduction, diseases, and postharvest losses which can impact agricultural production.

This illustration creates a gap that can be investigated in further studies.
5.7.1 Respondent’s perception of the recent change in rainfall intensity

Regarding rainfall intensity, the researcher sought to get the state of understanding and
awareness of climate variability by the small scale farmers. In order to do this, the researcher
included two closed-ended questions in the questionnaire: (a) how much rainfall had changed
over the last 10 years, and (b) whether respondents had observed any fluctuation or changes in
rainfall during the recent years prior to the study. Overall, 93% of participants reported having
noticed variations in rainfall in the years before the research, whereas 6% did not report any such
observations. Subsequent investigation revealed that 214 (71.3%) of the 300 respondents said
they had seen less rainfall. About 68 (22.7%) observed that rainfall amount had increased, while

18 respondents (6%) observed no change in rainfall amount. This observation by the majority of
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respondents was contrary to the actual finding from the secondary data, which was observed that
during the three years prior to the study the yearly mean rainfall had increased.

Additional examination of the filled questionnaires revealed that 251 (90%) of the 300 study
respondents concurred with the assertion that rainfall had become extremely unpredictable and
impossible to forecast in recent years. Nevertheless, 4% of them were unsure and 6% did not
agree with this assertion. These findings were consistent with the pattern observed in the
inferential statistics of the secondary rainfall data provided by the Kenya Meteorological
Department.

Concerning the onset of rainfall, 9.7% of small scale farmers perceived that it was coming earlier
than expected. 6.3% perceived it was timely, while 84% perceived that it had been delayed in
recent years. Mutunga et al. (2017) observed a similar association between smallholder farmer’s
perceptions and the meteorological indicators of the climatic situations in Kenya. The Kenya
meteorological department had also indicated a heating trend in the temperatures between 1961
and 20109.

According to the Devolution hub (2018), Nyandarua experiences two rainfall seasons which are
bimodal, with long rains in March to May reaching 1600mm and short rains in September to
December reaching 700mm. Long rains have been delayed recently, extending to April or early
May. This has greatly affected the planting of crops, harvesting, and output. Farmers have
adjusted to this scenario by adjusting the start time for land preparation and planting dates.
Howden (2012) stated that a decline in rainfall might negatively affect crop farming. Rainfall,
which is crucial for 90% of Africa's agriculture, is facing significant challenges due to its

unpredictable and declining nature, as highlighted by the World Health Organization (2018).
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Figure 5.12 Respondent's view about the recent change in rainfall amount

Source: Researcher 2021
5.7.2 Respondent’s opinion and perception of recent changes in temperature

About 83% of small scale farmers reported that they had observed some changes in temperature
within the previous few years of the study. Most farmers (70%) reported that temperature had
increased, 15% observed that temperature had decreased, while 14% of respondents reported that
they had not perceived any temperature change. The difference in small scale farmers' perception
of temperature changes could have been attributed to the inability to differentiate between
minimum temperatures recorded mostly at night and maximum temperatures recorded mainly
during the daytime. Results of the questionnaire analysis concerning the perception that
temperature during the night had decreased in recent years were similar to the analysis of
secondary data. This is because most respondents (40%) agreed that temperature during the night
had decreased. Secondary data analysis revealed a significant decrease in annual lowest

temperature from 11.40°C in 2001 to 8.40°C in 2009.
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Figure 5.13 Respondent’s view about changes in temperature at night

Source: Researcher 2021
5.7.3 Perception of the respondents about the changes in key crop output

Regarding variation in primary crop output, the researcher sought to analyse the opinion of
small-scale farmers about the perceived changes in crop output over the recent years. Analysis
from the questionnaire indicated that Irish potatoes, beans and maize were the significant crops
preferred by most small scale farmers (89.7%). The County also produced various types of crops,
although not many small-scale farmers were involved. These food crops comprised cabbages,
kales, wheat, French beans, green peas, sorghum, millet and fruits. Regarding crop output
changes, the sampled population was asked to outline how crop production or output had
changed over the previous ten years. About 77.7% responded that they had not seen any change
in crop output or, instead, the output remained the same. However, 12% believed that crop

output had reduced, and 10.3% felt that crop output had increased. This varied response
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indicated that farmers could not accurately tell the change in crop output because perhaps they

lacked proper record bookkeeping of the quantity of output per harvest.

Respondent’s view on the change of major crop output
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Figure 5.14 Respondents’ perception on the change in significant crop output

Source: Researcher 2021

5.7.4 Respondents' opinion on causes of climate variation

With the variation of major climatic factors, the researcher sought to analyse the opinion of
small- scale farming communities about the perceived causes of climate variability over the
recent years. In response to the first question about what respondents thought were the causes of
climate variability, the majority of household heads (59.3%) reported that climate variability was
caused by deforestation, i.e. uncontrolled cutting down of trees. 27.7% thought that burning
fossil fuels, e.g. cooking gas, oil and petrol, coal and plastics, significantly contributed to
imminent of climate variability. A minority of the small-scale farmers (13%) did not know the

causes of climate variability; therefore, it resulted from God's will.
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5.7.5 Respondent’s opinion on causes of selected crop yield variability

In connection to the second question on what the respondents would have considered as the
major contributor to the changes in crop output in the area of research, the researcher confirmed
that rainfall variations and temperature influenced the output of crops significantly as about
55.7% of the respondents considered climate-related factors as the primary cause of a decline in
crop output. 11% of respondents considered land degradation and soil exhaustion the primary
cause of the decline in crop output. In comparison, 6.7% thought that increased pests infestation
and diseases significantly contributed to the decline in crop output. However, 6.7% of
respondents failed to answer the question. In comparison, about 13.3% stated that other
elements, like a high rate of rural-urban migration and reduction in the size and proportion of

cultivatable land were the major causes of reduced selected crop yields.

Respondent’s view about causes for decreased output in crop
production

M1To response

B Climate related factors

Poor farming methods

-La.tld degradation and seoal
exhaustion

I:llﬂcreased Fests and
diseases

High cost of inputs & poor

access to credit faciihes

[ Others

Figure 5.15 Respondent’s perception about causes for decreased output in crop output

Source: Researcher 2021
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5.8 Discussion of findings on climate variability effects and selected crop output

Climate variability had indeed been experienced in Nyandarua County. This variability had
manifested through changes in the mean annual rainfall and the mean annual maximum and
lowest temperatures for the past 21 years (1999 to 2019). The maximum temperature had
generally increased from 2015 to 2019 (20.4% to 22.7%). Likewise, the minimum temperature
had been declining from 2010 (8.7%) to 2019 (8.4°%), resulting in freezing nights affecting
specific crop plants such as Irish potatoes because frostbite reduces the crop output. The
secondary data about fluctuations in rainfall amount and season of temperatures collaborated
with the respondent’s perception of the changes in the investigated two elements or climatic
variables. Nearly 83% of the small scale farmers reported that they had observed a few variations
in temperature during the last few years prior to the research, and 70% of the farmers reported
that the temperature had increased. About 93% of participants reported they had noticed certain
changes in variation of rainfall over the last few years preceding the study. 71.3% observed that
rainfall amount had decreased. Nanfuka et al (2020) observed that the Kenyan economy greatly
depends on agriculture supported by rain, mostly by growing crops that are especially vulnerable

to the effects and shocks of climate variability.
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Table 5.7 Nyandarua County Rainfall and Temperature Variables (1999-2019)

Year Annual average, Annual average, Annual mean
minimum temp. in °c maximum temp. in % rainfall in mm
2019 8.4 22.7 100.3
2018 8.0 22.1 87.1
2017 8.0 23.0 67.1
2016 8.1 22.1 98.0
2015 8.5 204 88.1
2014 7.9 22.1 74.9
2013 8.1 21.6 131.0
2012 8.3 21.9 103.5
2011 1.7 22.0 90.0
2010 8.7 214 109.9
2009 7.6 22.7 59.1
2008 7.6 21.6 83.4
2007 8.3 21.0 117.4
2006 7.9 21.6 89.3
2005 7.6 22.1 74.2
2004 7.5 21.6 75.6
2003 1.7 21.0 75.5
2002 11.6 23.9 80.1
2001 11.4 23.7 98.9
2000 10.6 24.6 56.0
1999 9.4 234 65.5

Source: Kenya Meteorological Department-Nyahururu Weather Station (2020)

Maize is Kenya's most important staple food grown in almost each of the agro ecological zones
in the country. Maize is one of the main food security crops in the country and a commercial
enterprise, in particular in the Rift Valley area and in certain regions of central and western
Kenya (Schroeder et al., 2013). Results of the study indicate that maize and Irish potatoes are
undoubtedly the most common and essential crops grown and cultivated in the County of
Nyandarua. According to the study poll, 89.7% of participants said they would rather cultivate
Irish potatoes, beans, and maize. This suggests that among the small-scale farmers in Nyandarua
County, farming of crops was one of the primary economic activities and a substantial source of
both food and revenue. The assertion by Ogola et al. (2011) that maize and Irish potatoes are

staple foods and cash crops in many regions of the nation and a vital source of income for
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Kenyans living in rural areas also reinforced this conclusion. The current study indicates that the
Irish potato yields had increased between 2009 and 2019. The maximum were noted to be the
output of 1,145,995 tonnes in 2011 and the off-peak to be the output of 84,700 tonnes in 2008.
Comparing the production and output of the two selected crops of the study, it is evident that
Irish potatoes contributed the highest average of 382,789.43 for the last 21 years compared to
maize output with an average mean of 29,145.76 tonnes within the same period. This comparison
of the mean indicates that Irish potatoes contributed the highest output and total market value in
Nyandarua County. The trend of high output in Irish potatoes could have been attributed to by

application of effective adaptation measures such as crop diversification, new variety seeds and

proper adjustment of planting dates.

Plate 5.1 Small scale farmers attending to a new variety of Irish potato crop

Source: Researcher 2019

The study further indicates a significant variation in maize output in the last two decades, i.e.
1999 to 2019. Indeed, there was a sharp drop in maize output recorded between 2013 and 2014.
The World Bank (2010) asserted that declining maize yield should be treated with caution. This

109



is because the population density has been increasing, leading to a rise in the demand for food.
The size of cultivatable land has also been decreasing, resulting in decreased maize output. The
study indicated that there had been periodical peaks and off peaks of maize and lIrish potato
output for the last 21 years. The peaks may have been caused by favourable weather and climatic
conditions that are essential for crop growth, the push for hybrid seed and accompanying
technology adaption, and, to some extent, a rise in the area under cultivation. Similarly, factors
like unfavourable weather patterns, land shrinkage, a rise in crops illnesses and pests, degraded
land and decreasing soil fertility, high input costs, and significant post-harvests losses could have

been responsible for the off-peak years that were observed (Ingram et al., 2011).

Table 5.8 Nyandarua County crop output variables (1999-2019)

Crop Irish Potatoes Maize

Year Output In Tonnes Acreage In Hectares Output In Tonnes Acreage In Hectares
2019 413,160 37,860 37,184 16,906
2018 305,250 37,000 34,289 17,885
2017 555,000 37,000 21,870 16,200
2016 451,290 33,035 27,594 16,300
2015 598,500 38,500 26,576 17,837
2014 551,657 36,400 14,017 17,104
2013 473,343 36,446 53,575 19,842
2012 230,825 36,365 51,300 19,000
2011 1,143,955 38,133 54,951 20,352
2010 910,300 36,412 40,500 18,000
2009 402,000 20,100 24,098 17,850
2008 84,700 11,000 14,367 19,440
2007 446,775 38,850 23,500 19,080
2006 105,840 37,800 37,538 20,020
2005 309,205 23,735 22,330 11,165
2004 93,320 15,020 25,290 16,800
2003 230,080 14,380 24,735 14,550
2002 210,240 12,140 24,917 14,950
2001 198,720 12,420 30,483 15,500
2000 124,500 12,450 10,343 14,365
1999 199,878 14,377 12,604 14,004

Source: Nyandarua County Government (2020)
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Some relationships were noted between rainfall amount and maize output. In the year 2000,
rainfall amount was found to be the lowest at an annual average of 56 mm. Likewise; the same
year maize recorded the lowest output (10,343 tonnes). In 2012 and 2013, rainfall was highest at
an annual average of 103mm and 131mm, respectively. Likewise, maize recorded the highest
output (51,300 and 53,575 tonnes). Correlation analysis between mean annual rainfall and the
selected crop output revealed an exciting scenario. The mean annual rainfall correlation values of
r =0.687 and r =0.296 with maize and Irish potatoes suggested that an increase in rainfall
increased selected crop output. The low correlation coefficient value of Irish potatoes (r=0.296)
regarding rainfall could have been that perhaps Irish potatoes take less time to grow and mature,
i.e. three months, unlike maize which is an annual food crop in Nyandarua County. This could
probably mean that rainfall variation does not significantly influence the Irish potatoes' output as
much as maize output.

On the contrary, the negative correlation of annual mean temperature indicates that an increase in
minimum and maximum temperature decreased both crops' output. The results further indicated
that the trend in rainfall amount had a more significant effect on crop yields (r =0.687) than
maximum and minimum temperature. Crop output and agricultural production are greatly
influenced by rainfall amount, reliability and distribution that eventually controls the duration of
the growth season and thus food crop yields and output (FAO, 2012). The findings make it clear
that adequate rainfall amount and distribution are crucial for sound crop output. However,
excessive rainfall may destroy crops, especially during the flowering and development stages.
Flooding as a result of excessive rainfall may result in reduced crop yields. A good example is
the 1997 EI-Nino rainfall that significantly destroyed many crops and reduced crop yield and loss

of harvests.
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Plate 5.2 Negative effect of torrential rainfall on crops in the year 2019

Source: Researcher 2019

The trend line and scatter graph of rainfall and temperature indicated that variations of these
climatic variables were conspicuous. In addition, these graphs and trend lines indicated that the
variables were very unpredictable, affecting farmers' preparedness for farming. Results of
temperature variability may be associated with a study by Jaramillo et al. (2009), which showed
that high temperatures might be associated with some pests and diseases that may attack crops
leading to reduced crop yields. A crop's ability to grow, flower, mature, and provide high yields
depends on photosynthesis, which depends on the ideal temperature (Gornall et al., 2010).
According to Dell et al. (2008), a one-degree Celsius yearly temperature increase has a
detrimental impact on a wide range of staple crops that are farmed by rural farmers in Africa,
especially in Kenya. Overall, these results were consistent with the questionnaire responses given
to the participants, which showed that roughly 55.7% of the participants believed that issues
connected to climate change were the main reason behind the decrease in crop yield. Similar
findings were reported by Maddison (2006), who found that many small-scale farmers in the
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eleven African nations he studied thought that the temperature had risen while the intensity of

the rainfall had decreased.
5.9 Conclusion

Based on the initial results, the two climatic factors considered in this study, namely mean annual
rainfall and mean annual temperature, were found to have influenced the output of maize crops
within 21 years (1999-2019). In this case, the null hypothesis that rainfall and temperature variability
had not significantly impacted crop farming (maize output) in Nyandarua County was rejected.
However, the same climatic factors considered in this study were found not to have influenced the
outcome of Irish potato crop yields within the same period. This means that there could have been no
enough evidence of rejecting the negative hypothesis. Therefore, the hypothesis that rainfall and
temperature variability did not significantly impacted crop farming (Irish potatoes output) in
Nyandarua County failed to be rejected.

It is hence forth evident from the results discussion that rainfall, particularly for maize in Nyandarua
County, is a key predictor of crop yield. Temperature variability, however, did not yield much
significant relationship with both crops' output. It is also noted that Irish potatoes contributed the
most considerable output in Nyandarua County between the years 1999 and 2019. Based on the fact
that climate variability contributed to only a very small percentage of variations in Irish potatoes,
then it goes without saying that other factors must have contributed a role in the variability of Irish
potatoes observed in this study. This scenario creates a gap for further studies.

In general, this chapter's findings show that at least 50% of the variation in maize and Irish
potato output could not be accounted for by the variations of the two climatic factors considered

in this study. This finding opens a new frontier of knowledge that the selected climatic factors

alone cannot guarantee sustainable crop output. In this case, other agronomic factors such as
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morphological properties of soils, proper application of fertilizers, disease and pest control,
change in the proportions of cultivable lands, management of post-harvests losses, etc., play
greater role in determining the output of major crops in Kenya. These factors must essentially be
moderated by proper adaptation strategies, which may have been influenced by a variety of
demographic and socio-economic factors which may either form opportunities or limitations for
effective adaptation measures. These reasons necessitate the need to critically document, analyse
and evaluate the effectiveness of the key adaptation strategies applied by small scale farmers to
cushion themselves against the unprecedented effect of climate variability. These knowledge

gaps have been further studied in the subsequent chapters of this study.
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CHAPTER SIX

SOCIO-ECONOMIC FACTORS AND CROP FARMING ADAPTATIONS
TO CLIMATE VARIABILITY

6.1 Introduction

This chapter assessed the relationships and links between the socio-economic variables and the
strategies of adaptations employed by small-holder farmers as mitigation measures against the
impacts of climatic variations of key elements on crop farming. The content in this chapter is
associated with the second objective and tests the second hypothesis of the research study. The
chapter begins by describing the respondents’ demographic and socio-economic characteristics,
followed by a description of the key adaptations and mitigation strategies adopted by small-scale
farmers in Nyandarua County. The chapter presents multinomial regression results that illustrate
the association between the important adaptation techniques and the chosen demographic and
socioeconomic parameters of the respondents in order to evaluate the socio-economic
determinants of crop farming adaptation and mitigation measures. This chapter tests the second
hypothesis, which holds that the adaptation strategies used by small-scale farmers are not
significantly influenced by demographic and socioeconomic factors such as age, gender, size,
land ownership, income level, and education. The findings are then discussed.

6.2 Demographic and Socio economic information of the respondents
Assessment of age, gender, size of cultivatable land, ownership of land, income levels, and levels
of education of the respondents (i.e. small-scale farmer) was necessary because it brings out
knowledge and understanding of how these factors may have affected and influenced the crop

farming adaptations to climate variability and crop output among the small-scale farmers (Helena
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et al., 2014). In this study, the researcher sought to establish socio economic underlying
conditions and characteristics about the research study groups and their relationship with crop
farming adaptation strategies. This primary data was obtained from the questionnaires
administered to 300 small scale farmers in Nyandarua County. The variables assessed in this
section were marital status, age, household size, gender and income source, level of income,

level of education, size, and ownership of land under cultivation.
6.2.1 Age of the respondents

The description of this variable in figure 6.1 revealed that most respondents were aged above 36
years (68.57%). The age cohort by the majority of respondents (25.42%) was 46-55 years. The
age bracket of 36-45 years followed with 23.75%. The lowest response rate was obtained by
9.03% of respondents under the age of 25, while one respondent (0.3%) did not provide his age.
The study's findings suggest that the younger generation had not fully embraced crop farming in
Nyandarua. This is because most of them were still in school; others have migrated to urban
centres to search for employment, while others could have had a negative perception regarding
farming as a means of subsistence and livelihood. Regarding how climate variations negatively
affect crop farming, the young population was not directly affected. This is because most of the
young population, less than 25 years, do not own land and did not engage in active farming
practices. Nevertheless, it was evident that the older population in Nyandarua was engaged in
small scale farming, which could mean that they had extensive skills and experiences in
agriculture. They were likely to adapt and adjust to variations of climate or its variability more

efficiently and effectively than the young population.
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Age brackets in years of the respondents
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Figure 6.1: Age brackets of the respondents

Source: Researcher 2021
6.2.2 Gender of the respondent

Of the 300 questionnaires administered, 63.67% of respondents were male, and 36.33% were
female. Focusing on the head of the household as the responder may have contributed to the high
proportion of male respondents. However, none of the respondents failed to report the gender or
reported as being trans-gender. This demographic characteristic was considered vital because it
was likely to influence the uptake of specific adaptation strategies due to gender differences in
the role played within the household, acquisition and ownership of assets and decision making
within the family. A study in semi-arid areas by Campbell et al., 2002 on on the standards and
types of livelihoods affecting households showed that both female and male genders were
involved in small scale farming activities. But still, they responded differently to critical climatic
variables.

117



6.2.3 Marital status of the respondents

Regarding this variable, past empirical studies indicate that female divorcees and windows are
disadvantaged in the application of specific crop farming adaptation strategies such as water
management and irrigation (Jin et al., 2015). This is because of their weak income status and
poor adaptive capacity (Jinhong et al., 2016). The research found that majority of the
respondents household heads (74.3%) were married, while only (25%) were single. This variable
description meant that many of the small-scale farmers in Nyandarua had settled for quite some
time in the region with steady families and perhaps an indicator of increased livelihoods
diversifications through certain non-farm income-earning activities. On the other hand, married
couples were likely to have more adaptive capacity than non-married respondents because of
heavy family responsibilities.

Table 6.1: Respondent’s marital status

Marital status Incidence Percentage Aggregate %
Married 223 74.30 99.33
Single 75 25.00 25.00
No response 2 0.70 100.00
Total 300 100.00

Source: Researcher 2021
6.2.4 Household size

Regarding the family size, the 2009 census report placed Nyandarua County at an average of five
members per household. In this study, 45% of the respondents reported having 5-8 members, and
only 3.7% of the respondents reported having more than 13 members. The size of households has
a current and future implication on the size of cultivatable land due to land fragmentation

attributed to the increase in population. The population growth projection of 2% indicates that
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the land size will shrink significantly, reducing the effectiveness of specific adaptation strategies
applied like crop diversification and rotation, especially in crop farming.

Table 6.2: The size of the household for the respondent

Household size Frequency % Cumulative Percentage
1-4 119 39.70 39.70

5-8 135 45.00 84.70

9-12 35 11.70 96.30

13> 11 3.70 100.00

Over all Total 300 100.00

Source: Researcher 2021
6.2.5 Sources and levels of income

The study results presented that crops farming and cultivation was the primary source of
livelihood and income revenues among many small holder farmers in the region of Nyandarua
County (53%). The casual labour was reported as a minor source of income (0.67%). However,
most respondents reported to have had various sources of income, an idea that revealed they had
engaged in some forms of income diversification. This finding could be attributed to less income
earning obtained from farming. Formal employment was found low as most farmers reported this
source were teachers. It indicated that most people in formal employment reside in towns with
little urban crop farming. Related to the source of income, the researcher also intended to
establish the revenue per household. The reason is that some adaptation strategies are costly and
require high finances, which is not available. 38% of the respondents” monthly income was less
than Ksh. 10,000. The low-income and livelihood level had been hypothesized and thought to
affect the application of certain adaptation techniques and strategies. Low income levels and
sources of livelihood were therefore expected to be among the major obstacles and constraints
that would prevent appropriate and effective adjustments to climate variability.
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Figure 6.2: Sources of income
Source: Researcher 2021

Table 6.3: Distribution of levels of incomes and earnings among the respondents

Income per month in Ksh.  Frequency % Cumulative percentage
<10,000 114 38.00 38.00
10,001-20,000 95 31.70 69.70
20,001-30,000 40 13.30 83.00
30,001-50,000 44 14.70 97.70
>50,0001 7 2.30 100.00

Total 300 100.00

Source: Researcher 2021
6.2.6 Level of education:;

The study included the level of education as a variable which was evaluated to assess its impact
as a determinant to climate variability adaptations. The education level in this study was grouped

into five classes: no education, Primary, Secondary, College, and University levels. The findings
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acknowledged that there were a large number of small-scale farmers, who could attest to having
more education, which the study anticipated would possibly positively contribute to effective
adaptations. Education attainment at the secondary level was 43.33%, college level at 20%, and
university level at 11.3%. High primary school dropout rates was a significant contributor to low
levels of education (25%), which was mainly the case for girls who dropped out because of early
marriages and pregnancies (Glennerster et al., 2011). The level of education was suggested to
have had a direct significance on small-scale farmers' perceptions of the climate variability, its
impact, and coping strategies. It was envisaged that the respondent’s higher levels of education
contributed to increased knowledge of the variability and adaptation of the climate. In this case,

attaining higher education was likely to reduce the effects of climate changes and variations.

Level of education of the respondent
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Figure 6.3: Levels of education

Source: Researcher 2021

121




6.2.7 Size and ownership of land under cultivation

This variable is one of the critical determinants of effective crops adaptability by small-scale
farmers to variations in the climate. The explanation is that the type of adaptation tactics used
depends heavily on the land tenure. Likewise, the amount of land affects the type and magnitude
of technology used. With the current high population growth, land under cultivation is becoming
smaller and smaller. This scenario results from a high rate of land divided into smaller plots for
inheritance or sale. This land fragmentation process had contributed to low crop yields and
output across several regions of the nation (Wambua & Kithiia, 2014). The study results
portrayed a situation where many small-scale farmers privately owned land under cultivation
(67.7%). However, of great interest to note is that land under cultivation was small, ranging from
2-5 acres (62%). This situation implied that these small pieces of land could not be put into
practical commercial farming. As a result, it was likely to affect future crop output and food
security. According to Mutisya D. (2000), small farms with 2.5 acres can enhance crop output
through intensive cultivation using manure, fertilizers, soil conservation measures, and modern

seed varieties.
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Figure 6.4: Size of land under cultivation
Source: Researcher 2021

Table 6.4: Land tenure/ownership of land under cultivation

Land tenure/ownership Frequency Percentage Cumulative %
Privately Owned 203 67.7 67.7
Communal ownership 6 2.0 69.7
Rented 57 19.0 88.7
Leased 5 1.7 90.3
Others 29 9.7 100.0
Total 300 100.00

Source: Researcher 2021
6.3 The small-scale farmers’ adaptation responses

From the respondent's findings, about 13.8% reported they had changed the planting dates
causing variation in planting and harvesting periods. This adaptation strategy was caused by

either delay or earlier onset of rainfall. Sorghum, pumpkins, and millet were grown by about
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20.3 percent of the respondents because they were considered to be more resistant to climate
changes and variabilities. Most small scale farmers (21.2 percent) used crop diversification,
which involved planting many crops on the same piece of land. Around 12.4 percent of small
scale farmers had chosen to use crop irrigation methods to boost crop yields and revenues, while
4.9 percent of respondents saw looking for off-farm work as an adaptation strategy. The lowest
adaption ratings were 5.6 percent and 2.1 percent for greenhouse farming technology and crop
insurance, respectively. Other adaptation strategies captured by the questionnaire administration
were employed by 15.2 percent of respondents. These strategies included; manure application for
soil conservation practices, changing livestock farming, use of fertilizers, increasing the size of

cultivatable land areas, mixed crop farming, and agroforestry.

® *Crops diversification

m *New crop variety

m Other adaptations technique
B *Adjusting planting dates

m Use of crop irrigation

m Greenhouse technology

u *Income diversification

E No response

& Crop insurance

*Adaptation strategies subjected to Chi-square test
Notes: Multiple responses reported

Figure 6.5: Types of coping/adaptation strategies applied by the respondents

Source: Researcher 2021
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6.4 Socio-economic factors and key adaptation strategies for crop farming

The study's second objective was to assess the influence and relationship of socio economic
factors and adaptation strategies on crop farming. The study used the multinomial logistic
regression statistical analysis to determine and predict the significant association between the
independent socio-economic factors and the dependent adaptation strategies under investigation.
The adaptation strategies for this statistical test included crop diversification, planting new
resistant/fast-maturing crop varieties, adjusting sowing dates, and income or revenue
diversification. The study assumed farmers could only adopt one strategy at a time. In this case,
adaptation to strategy 1 was coded as follows; adopters =1, non-adopters =0.

In order to establish and assess the relationship between the socio-economic factors of respondents
and crop farming adaptation strategies, the study used the Multinomial logistic regression model
(MLR) to analyze the determinants impacting farming households’ decision of adaptation techniques to
climate variability. In contrast, the study used descriptive statistics to analyze the associated effects of
household socio economic factors on the adaptation measures and strategies. Descriptive statistics in
Table 6.5 showed a close variance of statistics between socio-economic factors and the adaptation
strategies applied by the small scale farmers. The standard deviation of 0.2 to 1.2 in both descriptive
statistical tables indicates that the data was well distributed within the mean. The distribution of
descriptive statistics confirmed that the data collected was significant to test the null hypothesis and

make valid conclusions.
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Table 6.5: Variability of socio-economic factors affecting crop adaptations to climate
variability
Descriptive Statistics 1

Independent Variables N Mean Std. Deviation Variance
Age brackets in yrs. of the respondent | 299 3.2308 1.26262 1.594
Gender of the respondent 300 1.3633 48176 232
Size of land under cultivation in acres ]300 2.1833 1.06466 1.134
Total monthly income in Ksh. for the
respondent 300 2.1167 1.14049 1.301
Level of education of the respondent | 300 2.1633 .96597 .933
Total Valid N (list wise) 299
Descriptive Statistics 2

|Dependent Variables N Mean Std. Deviation Variance
Crops diversification 300 1.7100 45452 .207
New maturing crop variety 300 1.7100 45452 .207
Adjusting planting dates 300 1.8133 .39029 152
Income diversification 300 1.9300 .25557 .065
Total Valid N (list wise) 300

Source: Researcher 2021
6.5 Crop diversification as a strategy to cope with climate variability

There were multiple determinants that influenced farmers' decision of crop diversification in
Nyandarua County as a long-term climate variability adaptation strategy. Respondents with at
least a college level of education (35.3%) reported adopting this crop diversification adaptation
strategy method. This outcome implied that higher education levels positively determined this
adaptation strategy's effectiveness. Based on this specific adaptation strategy analysis, women
were found to have applied this adaptation strategy more efficiently than men. It was concluded
that if women are empowered through access to quality education, income security and stable
land tenure, they can be greater adapters to diversification of crops as an adjustment strategy to
the effects climate variations. Perhaps this is because women are much more concerned about the

quality and quantity of food on the table and the well-being of children.

126



Table 6.6 Level of education and Crops diversification - Cross tabulations

% Within the Levels of Crops diversification Total
education of the respondent Yes No

No education 0.0% 100% 100%
Primary 27.1% 72.9% 100%
Secondary 29.5% 70.5% 100%
College 35.3% 64.7% 100%
University Degree 29.5% 70.5% 100%
Total 29.0% 71.0% 100%

Source: Researcher 2021

Multinomial regression analysis of determinants impacting small scale farmers' adoption to crop
diversification was accurate in predicting 54.7% of the adopters and non-adopters of crop
diversification with a significance level of p<0.01. The likelihood ratio tests for this model
indicate that X variables added to the model significantly improved the model compared to the
intercept alone. Pseudo R? indicates that a 16.7% proportion of variance between the crop
diversification adopters and non-adopters was explained by the model. The goodness of fit for
this model was poor because the Pearson chi-square statistic values were large. However, the P-
significance value of 0.000 specifies that this related model was actually statistically significant

and, therefore, the statistical model fitted the collected data well.
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Table 6.7: Factors influencing small scale farmers' adaptation to crop

diversification in Nyandarua County

95% Confidence

The dependent variable is adoption Interval for Exp(]3)
crop diversification (Yes-1)
Independent variables Std. Lower Upper

B Error Wald  Sig.  Exp(B)  Bound Bound
Intercept -1.556 .956 2.652 103
Age of the respondent -.012 114 .012 914 .988 .789 1.236
Gender of the respondent 155 274 319 572 1.167 .682 1.997
Size of the household -.103 174 351 .554 .902 .642 1.268
Level of education .108 152 .502 479 1.114 .826 1.501
Monthly income in Ksh. .067 122 .302 .583 1.069 .842 1.358
Ownership of land -.185 JA11 2772  .096 831 .669 1.033
Size of land under cultivation 103 127 .650 420 1.108 .863 1.422
Type of farming system 153 .066 5.346 021 1.166 1.024 1.328
Changes in crop yields -.118 275 184 .668 .889 519 1.523
Effectiveness of the adaptation strategy .378* 142 7.110 .008 1.460 1.105 1.927
Model diagnosis
Count of the observations 300
Log likelihood 352.29
Wald (LR) Chi square 54.7
Model significance level P=0.003
Pseudo R? 0.167

The reference category is non-adoption of crop diversification (No-0)

*Significant at 5% probability level

Source: Researcher 2021

The respondent's age negatively influenced small scale farmer’s decision to use this adaptation
technique to curb themselves against the effects of climate variability on cropping activities (B=-
0.012). This finding assumes that farmers who were older tended to adjust to this adaptation
much more than the young farmers in terms of age. On the other hand, the head of the
household's gender designation absolutely influenced the acceptance of this adaptation strategy
(B=0.155). These results meant that households dominated by females were likely to adapt much
faster to crop diversification than male-led households. The logic implied is that perhaps women

are much more concerned about the crop output as they bear the most significant responsibility
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of ensuring that children access enough food daily. Income level significantly and positively
influenced the adaptation to crop diversification as an adaptation option. (=0.067). As the
monthly income increased by Ksh. 1,000, there was a consequential increase of the possibility of
using different crop types of varieties by less than 0.001. The knowledge generated is that there
were more financial costs associated with crop diversification compared to changing plating
schedules and changing crop varieties. The impact of higher financial freedom in using crop
diversification was that the farmers were less likely to be affected by extreme climatic changes
because they could adapt quickly, and they benefitted from information accessibility and long-
term planning strategies. These results concurred with the findings of Deressa et al. (2010). They
found that the elderly farmers were more experienced in applying these adaptation strategies

because they were significantly exposed to previous and present climatic conditions.
6.6 Adaptation to climate variability through planting of new crop variety

The model was significant at p=0.000 with Wald of X?=62.23, indicating a powerful explanatory
impact, as shown in table 6.8. In addition, the MLR analysis of determinants impacting small
scale farmers’ adaptation of new varieties of crops tolerant to climate variability in Nyandarua
County, such as sorghum, millet, fast-maturing maize variety, hybrid maize variety, drought
resistant Irish potatoes variety and others, demonstrated that the model made accurate predictions
(59.8%) of adopters and non-adopters to drought-resistant strategies at a significance of p<0.01
as depicted in Table 6.8. However, all the variables apart from the adaptation strategy's
effectiveness were insignificant in explaining the adoption of this adaptation strategy. The
efficiency of this adaptation method in influencing agricultural yield was consistent with
research that proposed planting more resilient variety of crop types was one of the common

adaptation tactics to lessen climate variability's effects (IPCC, 2007). This conclusion was also
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backed up by a research conducted in Vihiga County, which found that average yields for
drought resistant duo-purpose potatoes’ types, combined with better-quality breeds and nutritious
animal feeds, would completely counteract the effects of climate unpredictability (Tachie-Obeng
et al., 2012). Kelvin et al., (2016) discovered that introducing heat-tolerant cultivars to Ghana

would significantly boost maize yields.

Table 6.8: Determinants impacting small scale farmers’ adaptation to new

crop variety in Nyandarua County

The dependent variable is the 95% Confidence
adoption of a new crop variety Interval for
(Yes-1) Exp(B)

Std. Lower Upper
Independent variables B Error  Wald Sig. Exp()  Bound  Bound
Intercept -2.212 973 5.165 .023
Male or female respondent .038 .281 .019 .892 1.039 599 1.801
Respondent’s Age .003 116 .001 978 1.003 799 1.260
Size of the household -.088 173 .261 .609 915 .652 1.285
Monthly income in Ksh. .258 122 4.433 .035 1.294 1.018 1.645
Level of education .165 153 1.165 .280 1.180 874 1.593
Ownership of land under cultivation -.028 .106 .070 791 972 791 1.196
Type of farming system .098 .067 2.158 142 1.103 .968 1.257
Size of cultivated land -.284 128 4.973 .026 1.329 1.035 1.706
Changes in crop yields -.273 273 1.004 .316 761 446 1.299
Effectiveness of the adaptation strategy ~ .506* 151 11.200 .001 1.659 1.233 2.232
Model diagnosis
Quantity of observations 300
Log likelihood 353.67
Wald (LR) Chi square 62.23
Model significance level P=0.000
Pseudo R? 0.598

*Significant at 5% probability level

Source: Researcher 2021
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The respondent's age positively influenced the adaptation strategy of planting a new crop variety.
This is because the associated alpha (B =0.003) was positive. Household heads who were old
were found to have used this adaptation strategy more than the young respondents. Likewise, the
size and proportion of land cultivated negatively influenced the adoption of this adaptation
strategy (B =-.284). This implied that farmers with small land sizes under cultivation adapted to
planting new crop varieties, unlike those farmers with huge tracts of land. The level of education
positively influenced the farmers to change the crop variety. This indicates that higher education
levels enabled the small scale farmers to practice changing crop variety compared to small scale
farmers with low levels of education. Educated farmers perhaps had acquired awareness and
skills through seminars and workshops where they could have been trained on the better crop
varieties to adapt to the shifting patterns of the climate. The perception that this adaptation
strategy was effective significantly contributed to its implementation by the farming
communities. This is because farmers perceived that climate variability was very extreme and
required crop variety change. The current results corresponded with the findings of Deressa et al.
(2012). They found that the elderly farmers were more experienced in applying these adaptation
strategies because they were extensively exposed to historical and present climatic conditions. In
connection to the Gender of the respondents, the current study results concurred with Bryan et al.
(2013) study, whose findings acknowledged that traditions and gender norms hindered the
adaptation of adopting a new crop variety by women, mainly because they had limited
responsibilities in households’ decision-making (B =0.006). A study by Limo (2013) found that it
was more likely for male tea farmers to use crop farming adaptation strategies than women. This

conclusion was not found to be true in this study.
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Hassan and Nhemachena (2008) found that the farm's size under cultivation negatively
influenced adaptation strategies. This factor was considered among the key determinants of this
adaptation strategy. This conclusion meant that small scale farmers' size of land under cultivation
influenced this adaptation strategy's uptake. From this finding, it was observed that small scale
farmers with smaller pieces of land under cultivation were likely to consider this strategy much
more compared to the small scale farmers who had more extensive pieces of land. Perhaps small
scale farmers with small pieces of land had a great attachment to the crop output than large scale
farmers.

The regression analysis further revealed a significant relationship between monthly income and
the planting of new resistant/fast-maturing crop varieties. This is because the coefficient of
variance § was equal to 0.258 (25.8%). This factor was considered among the key determinants
of this adaptation strategy. This finding meant that the small scale farmer's amount of income
influenced the uptake of this adaptation strategy. From the findings, it was observed that small
scale farmers with less income preferred this adaptation strategy compared to higher-income
earners.

Tables 6.9: Level of income and Planting of new resistant/fast-maturing crop variety -

Cross tabulation

% Within monthly income  New resistant/fast-maturing crop variety  Total

in Ksh. Yes No

<10,000 21.1% 78.9% 100%
10,001-20,000 30.5% 69.5% 100%
20,001-30,000 30.0% 70.0% 100%
30,001-50,000 40.9% 59.1% 100%
>50,0001 57.1% 42.9% 100%
Total 29.0% 71.0% 100%

Source: Researcher 2021
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Related to these findings, Borel (2009) argued that drought-resistant crops withstand high
temperatures and reduced rainfall and still yield good quality output. These factors promote good
harvest despite variation in the climate, which leads to access of adequate food and income for

the small-scale farming communities.
6.7 Adapting to effects of climate variability by changing planting schedules

Table 6.10 presents the findings of the logit model regression associated with this adaptation
strategy. The model’s predictions were accurate (73.6%) of the adopters and non-adopters of
changing planting schedules at a significance of p=0.01. The early onset rains were the preferred
choice for beginning planting of maize and Irish potatoes because their seeds require wet
conditions for them to germinate. Changes in the onset of rains necessitated a consequential

change in planting schedules to mitigate possible crop failures. Three variables, age of the
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respondents, ownership of land under cultivation, and opinion of the efficiency of the methods
for adapting to climatic variability, proved informative on insight regarding farmer’s adaptation

to changing the specific crop planting periods.

Table 6.10: Factors influencing small scale farmers’ adaptation to adjust

planting dates in Nyandarua County

95% Confidence

The dependent variable is an Interval for
adaptation to adjusting planting Exp(B)
dates (Yes-1)

Std. Lower Upper
Independent variables B Error  Wald Sig. Exp(B) Bound Bound
Intercept -5.482 1.293  17.973 .000
Age of the respondent 466* 151 9.497 002 1.594 1.185 2.144
Respondent’s gender -.061 332 .034 855 941 491 1.803
Level of education .329 181 3.297 069  1.390 974 1.983
Size of the household .081 .200 162 687  1.084 732 1.604
Monthly income in Ksh. -.141 153 841 359  .869 .643 1.173
Ownership of land under cultivation .408* 118 11.896 .001  1.504 1.193 1.896
Type of farming system -.091* .082 1.231 267  .018 778 1.072
Size of land cultivated -.288* 155 3.464 .063  .008 .553 1.015
Changes in crop yields -.208 322 420 517 812 432 1.525
Effectiveness of the adaptation strategy ~ .891* 207 18.530 000 2439 1.625 3.659
Model diagnosis
Observations 300
Log likelihood 282.85
Wald (LR) Chi square 73.61
Model significance level P=0.001
Pseudo R? 0.353

*Significant at 5% probability level

Source: Researcher 2021

The merits of early planting cannot be overemphasized because crops benefit from the initial
drops of rainfall to germinate their seeds faster. As a result, it enhances food security, steady
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crop yields, and crops' rapid growth. The education of the head of the home positively influenced
the decision by the farming families to alter their planting schedules as an adaptation strategy
(B=.329). Higher education suggests that farmers can access and understand agricultural advice
given by the extension officers much better than less educated farmers. Education creates
awareness among the farmers on the shortcomings of climate related variability on crops and the
best way to deal with it.

These results concurred with Hassan and Nhemachena's (2008) findings in their research
concerning the determining factors for adjusting to climate variability in Africa, where age was
found to have insignificantly influenced farmer’s adaptation to the shocks of climate variability.
Still, one could argue that what matters in this relationship is the farming experience and not the
farmer's age when it comes to adaptation. This assumption is because farmers with considerable
experience were likely to be more successful in adapting to climate variability.

Further assessment of the respondent's opinion on which gender contributes to a greater role in
coping with climate variability revealed that women were mainly affected by reduced crop yields
(63.3%). Women are essential to making sure that members of the household and especially
children acquire daily food (p=-.061). Contrary to the above statement, men play a more
significant role in coping with climate variability (65%) due to their decision-making, asset
ownership, and control of a more substantial portfolio within the household and community. The
knowledge generated by this finding is that this conflicting gender context hinders women's
utilization of various adaptation strategies, particularly the early preparation of land and altering

the planting schedules.
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The findings of this study about gender influence on adaptation strategies contradicted the results

of Ngigi et al. (2017), which indicated that a more significant proportion of women were found

to embrace crop-related adaptation strategies than men.

Gender mainly affected by reduced crop yields

W omen
Bifen
[Both

Respondents' opinion on which gender plays a greater role in
coping well to climate variahility

B den
B women
[Both

Figure 6.7 Gender contexts in climate variability and adaptation strategies

Source: Researcher 2021

The size of the farm land under crop cultivation negatively (p=-0.288, p=0.008) affected farmers'
preference of altering planting schedules as an adaptation strategy. In comparison to farmers with
a limited size of land under cultivation, those who owned and controlled large tracts of lands
under crop cultivation responded well to altering crop planting dates. In some areas of the land,
the large farm size made it easier to adjust planting dates. Farmers' decisions to modify crop
planting dates as a climate response adaptation strategy were influenced negatively (B =-0.091,
p=0.018) by the agricultural system. Many farmers who engaged in rain-fed crop production may
have preferred the strategy of adjusting the planting dates as a method of adaptation, regardless

of the sort of agricultural system they used.
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Farmers in East African countries chose to change field preparation or planting dates to prevent
climate-related risks, according to similar studies (Kelvin et al., 2016). It's probable that this is
due to the fact that such methods involve little expenditure. This approach entails merely
gathering information and teaching small scale farmers on the best timings, whereas many other
practices necessitate significant time and financial investment. The results further concurred with
another similar study in southeast Nigeria, where agronomists with larger farmlands adapted
better than their counterparts with smaller farms (Ozor et al., 2012). These results implied that
the size of the household determined the size and proportion of land under cultivation which in
turn influenced changing of planting dates depending on the seasonal changes of climate.

Table 6.11: Size of land under cultivation and Planting of new resistant/fast-maturing crop

variety - Cross tabulation

% Within the size of land New resistant/fast-maturing crop variety Total
under cultivation Yes No

<2 acres 21.4% 78.6% 100%
2-5 acres 25.3% 74.7% 100%
5-10 acres 42.9% 57.1% 100%
>10 acres 31.8% 68.2% 100%
Total 29.0% 71.0% 100%

Source: Researcher 2021

6.8 Adaptation to climate variability through Income diversification

The term income diversification defines the ability to have multiple streams of income and
revenues. This is an increasingly important non crop related adaptation strategy among many
households living in rural areas to manage environmental risk. The primary data indicates that
small scale” farmers primarily source their income from agricultural activities, mainly

contributing approximately 60% of the total household income. Table 6.13 verifies that farming
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(agricultural crop production) remains the most popular source of income and revenue for the
participants. Approximately 53% of the households in the surveyed group gained their income

from farming.

Table 6.12 Sources of revenues for the participants;

Source of income Frequency Per cent Cumulative Percent
Farming 159 53.0 53.0

Formal Employment 62 20.7 73.7
Business 30 10.0 83.7

Casual Labour 25 8.3 92
Livestock keeping 22 7.3 99.3

Others 2 T 100

Total 300 100.0

Source: Researcher 2021

Based on income diversification, the logistic regression statistical model described some
determinants of having several streams of income and revenue sources. Table 6.13 illustrates that
the household head's higher level of education positively impacted having several income
streams per household ($=0.491, p=0.048). Similar studies by UNFCCC (2018) explained the
findings by associating high education levels with different economic activities; that is, higher
education levels engaged the group with increasingly diversified activities, which contributed to
increased chances of earning more income. The findings also acknowledge a high probability of
diversifying income sources in families with a small proportion of children to the elderly. The
logic applied asserts that households with fewer children significantly reduced the number of

members engaged in agricultural production (=0.445, p=0.044).
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Table 6.13 Factors influencing small scale farmers’ adaptation to Income

diversification in Nyandarua County

95% Confidence

The dependent variable is an Interval for
adaptation to income diversification Exp(B)
(Yes-1)

Std. Lower Upper
Independent variables B Error  Wald sig. Exp(B) Bound  Bound
Intercept -8.128 1934  17.662 .000
Gender of the respondent -.167 495 13 736 .846 .320 2.235
Age of the respondent 445* 221 4.068 .044  1.560 1.013 2.404
Monthly income in Ksh. 017 .208 .007 934 1.017 677 1.528
Level of education 491* .248 3.920 048 1.634 1.005 2.656
Size of the household .335 .282 1.414 234 1.398 .805 2.429
Ownership of land under cultivation 115 .185 .389 533 1122 781 1.611
Type of farming system .091 A17 .604 437 1.095 871 1.377
Quantity of land under farming -.049 222 .048 826  .952 .617 1471
Changes in crop yields .790 469 2.832 092 2.203 .878 5.526
Effectiveness of the adaptation strategy .631* .300 4.415 036  1.880 1.043 3.388
Model diagnosis
Numbered observations 300
Log likelihood 149.27
Wald (LR) Chi square 34.52
Model significance level P=0.221
Pseudo R 0.27

*Significant at 5% probability level

Source: Researcher 2021

According to the findings, there was a higher likelihood of income diversification adoption
among farmers with higher levels of education. Additionally, as an adaptation to climate
unpredictability, income diversification had a positive coefficient of change, suggesting a

positive association between education and income diversification.

139



In addition, increase in farmer's age decreased the probability of diversifying income sources.
Experienced farmers, due to age, are less likely to diversify their sources of income, unlike the
aged farmers. These results contradicted the findings of Di Falco (2014), where experienced
farmers, due to age, were most certainly had additional revenue streams to supplement the

income received from crop farming.

Age of the respondent ¥ Income diversification - Cross tabulation
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Figure 6.8: Age of the respondent * Income diversification - Cross tabulation

Source: Researcher 2021

Deressa et al., (2010) found that the elderly farmers may have been more experienced in farming
because they were extensively exposed to previous and present climatic conditions while using
the Heckman model in Ethiopia's Nile basin. They concluded that age was a direct contributor to
the adaptation strategy employed by farmers. Simotwo et al.'s (2018) recent research in Kenya's
Trans-Mara East Sub-County revealed that age as a demographic factor was a more significant

determinant of farming activity and manipulation of coping strategies in Kenya's republic.
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As far as gender is concerned, 7.3% of male and 6.4% of female respondents reported having
used this adaptation strategy. 93% of respondents did not consider this adaptation strategy. This
finding indicates that it was not a popular adaptation method among both genders.

These findings contradicted the results of Ngigi et al. (2017) in that effective adaptation
strategies depend on gender interaction with access to information, asset ownership, and control
of resources, among others. Further research and more investigation should be done to find out

this outcome.

Table 6.14 Gender of the respondent and Income diversification - Cross tabulation

% within Gender of Income diversification Total
the respondent Yes No

Male 7.3% 92.7% 100%
Female 6.4% 93.6% 100%
Total 7.0% 93.0% 100%

Source: Researcher 2021

The regression model analysis established that Income diversification as an adaptation strategy
was not significantly associated with income level. It was highly anticipated that small scale
farmers with low-income levels would diversify their sources of revenue. However, this was not
found to be accurate. Farmers with a more comprehensive source of income or high-income
levels were more probable to adopt climate variability adaptation than those with low-income
levels (Limo, 2013). Mwangi et al. 2020 concluded that farmers near urban centres have
relatively high adaptive capacity than those in the country's interior parts. This finding was
attributed partly to the accessibility of social amenities, good infrastructure, and other socio-

economic factors.
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Likewise, income diversification as an adaptation strategy was not statistically associated with
the level of education. The regression test results established no association between these two
variables. This result was interpreted to mean that education level did not influence the small
scale farmer's decision to diversify their sources of income. Mudzonga (2012) observed that
education strongly correlated with adapting to climate variability when assessing similar
adapting technologies in Chivi district of Zimbabwe. He noticed differences in the farmers'
likelihood of familiarising themselves with climate variability dependent on their level of
education. Low education levels may severely limit the community's capacity to apply and
execute adaptation concepts by limiting the range of viable adaptation responses and
interventions. This is according to additional research published by the IPCC in 2014.

Unlike the current investigation, Limo's (2013) observations of the logistic regression confirmed
that education has a major role in affecting the adaptability of farming. Age, gender, and farm
size were not statistically significant determinants of adjustments in similarity. It is envisaged
that the current study's results differed from Limo's (2013) study due to differences in regions

and types of crops used.
6.9 Conclusion

Results of the research suggests that there was very little or no connection between the variable
of age and any of the adaptation strategies. Empirical studies in this discourse have placed the
age of the farmers as a critical adaptation strategy determinant and have been associated with
experience in crop cultivation and coping well with climate variability. Elderly farmers are
perceived to have great experience in applying various adaptation strategies due to exposure to
past and present climatic conditions. Indeed, the farmer's age has an important effect on

agronomic techniques applied in crop farming.
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Other studies show that young farmers adopt modern farming methods quickly, while older
farmers tend to retain traditional methods. Older farmers may struggle with scientific farming
due to illiteracy and tradition, and may be less energetic. However, adaptation strategies are not
significantly associated with age, as access to necessary resources determines effective practices.
Older farmers excel in agricultural adaptation activities with availability of capital and land.

The study findings acknowledged that the small-scale farmers in Nyandarua County had
achieved substantial levels of literacy and education, which contributed positively to adaptation
options. Further assessment of the respondent's opinion on which gender played a more
significant role in adjusting and coping with effects of climate variability revealed that women
were the ones mainly affected by reduced crop yields (63.3%). Besides, men were considered to
play a bigger part in addressing climate variability issues (65%) due to their decision-making and
asset ownership within the household and community. The four common adjustment techniques
with a high preference by the target farmer group in Nyandarua County were found to be; crop
diversification, planting new resistant crops that are fast maturing, adjusting planting dates, and
greenhouse farming technology. These adaptation strategies were related to crop farming as one
of the leading economic activities in the region of study. The multinomial regression analysis
and tests revealed no relationship between the two demographic factors of age and gender in the
choice of an adaptation strategy. However, the proportion of land under cultivation, level of
income, and education influenced the adoption of the planting of new crop varieties that are fast
maturing and able to cope with varying climatic changes. The proportion of land under
cultivation, levels of income and education were the most critical factors influencing the uptake

of crop farming adaptations.
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CHAPTER SEVEN
EVALUATION OF CROP FARMING ADAPTATION STRATEGIES TO
CLIMATE VARIABILITY

7.1Introduction;

This chapter evaluates the effectiveness of the key adaptation strategies on crop farming agriculture
to climate variability. The hypothesis that adaptation strategies and techniques by small scale
farmers to climate variability had not significantly increased maize and Irish potato output is tested.
The chapter begins by describing the respondents’ perception of whether the adaptation strategies
employed were effective in improving the crop output or not. The chapter further describes and
presents an assessment tool using the empirical crop output and the Multinomial Logistic
Regression frameworks to evaluate the effectiveness of climate variability adaptation strategies on
selected crop production. MLR, in this case was applied to predict the probability of the selected
adaptation strategies being effective or not in improving the crop output among the target group of
Nyandarua County. An assessment of crucial informant reviews was also presented to reinforce the
results of the empirical crop output and multinomial logistic regression models. The chapter further
analysed and evaluated the possible determinants of the key adaptation strategies using the
multinomial logistic regression method. Finally, the chapter described the constraints and challenges
associated with adopting the critical adaptation strategies for improving the selected crop output. In
this chapter, the third hypothesis of the study, which stated that the adaptation strategies utilized by
the small-scale farmers to mitigate the negative contributions of climate variability to crop farming
had not significantly increased maize and Irish potato output, was tested, and the results presented
and discussed before conclusions were made. The chapter concludes with a short and a brief

conclusion of issues evaluated and discussed regarding the third objective.
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7.2 Adaptation strategies relied upon in the area by small scale farmers

As an adaptation approach, 13.1 percent of respondents claimed they had adjusted planting dates.
20.3 percent grew various crop kinds that were considered more tolerant to the effects of climate
variation. Most small scale farmers had implemented crop diversification (20.3 percent). Crop
irrigation was used by 13.1% of the target participants to increase crop output. In contrast, 4.9
percent considered off-farm jobs as an adaptation technique, i.e. income diversification.
Greenhouse technology and crop insurance, with scores of 5.9% and 2.1 percent, respectively,
had the lowest levels of adaptability. Other adaptation strategies documented by the study as
descriptive replies were employed by 15.2 percent of respondents. Some of the strategies used
include; soil conservation, organic farming, crops rotation, mixed farming, expanding
cultivatable land areas, and agroforestry. Table 7.1 shows the four most common adaptation

strategies subjected to multinomial logistic regression analysis as per the literature review.

Table 7.1 Respondents reply on adaptation strategies

Adaptations strategies; Frequencies Percentages (%)  Cumulative frequency %
*Crops diversification 91 21.21 21.21
*Planting new crop varieties 87 20.28 41.49
Other methods of adaptation 65 15.15 56.64
*Adjusting planting dates 59 13.75 70.39
Use of crop irrigation 53 12.35 82.74
Greenhouse technology 24 5.59 88.33
*Income diversification 21 4.90 93.23
No response 20 4.66 97.89
Crop insurance policies 9 2.1 99.99
Total 429 100

e *Adaptations strategies subjected to multinomial logistic regression analysis
e Notes: Multiple responses were reported
Source: Researcher 2021
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7.3 Evaluating the crop farming adaptation strategies using the Empirical

Crop Output Model

The Empirical crop output model estimated the crop output relationship based on the empirical
time series of certain climatic variables using a panel data set of spatial and temporal locations.
Since the empirical crop output model utilized in this research was based on long time series of
data, i.e., 21 years, it was challenging to model the adaptation strategies under investigation to
evaluate their effectiveness in contributing to crop output from time to time. However, despite
this limitation, the autonomous adaptation strategies taken by the small scale farmers could be
implicitly accounted for, especially when the selected crop output trend was compared with
integrated adaptation strategies with other crop management input variables such as fertilizer
application, pest, and disease control. One of the most significant limitations of this model was
that it lacked the empirical evidence to relate the relationships and inter relationship between the
two factors, i.e., the increase in crop output and the adaptation strategies employed. This meant
that it relied heavily on physical association and the assumption that an increase in crop output
was associated with the proper application of specific adaptation strategies. Because of this
reason, the model could not be used effectively to test the particular null hypothesis that
adaptation strategies by target participant group to climate variability had not significantly
increased maize and Irish potato yields and output. This study's empirical crop output model was

presented as a chart showing the variation, trend, and five-year moving averages.
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Figure 7.1: A bar graph showing the trend in maize output and five-year moving average
(1999-2019)

Source: Researcher 2021

The above empirical analysis exhibited that the yield output of maize for the last 21 years had
increased. This is because the trend line for this variation was positive. Likewise, the five-year
moving average showed a five-year decrease followed by a five-year exponential increase in
maize output. The above empirical analysis also indicates that there was a significant and
consistent increase in maize output between the year 2015 (26,576 tonnes) and 2019 (37,184
tonnes). This period was the five year preceding the study which was associated with the five-
year moving average reflecting a five-year exponential increase in maize output. According to
the accurate recalling and reporting by the respondents, the same period had seen many small
scale farmers engage in rigorous application of the various crop related adaptation strategies. The
exponential increase in maize output was therefore associated with proper application of the

adaptation measures within the same period of 2015 to 2019.
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These results concluded that the adaptation strategies applied within 21 years effectively
maintained and improved the crop yield and output. Further analysis also indicated a significant
increase in maize output two years preceding the study. This increase was further supported by
the fact that the adaptation strategies employed within this duration contributed to the increase in
the output. In situations where there was a decrease in crop output, other factors beyond the

adaptations like the severity of climatic factors were presumed to have played a part.

1400000
<1
£ 1200000
2
.8 1000000
=
£« 800000
=
=]
Z 600000
2
I
= 400000
=
2 200000
=
0
P AL PP FTFEFTLFLEFIII IO XL LD
S A A A S S S S S S ST S S S
_ Period (1999-2019)
Irish potatoes output in tonnes
— Linear (Irish potatoes output in tonnes)
—2 per. Mov. Avg. (Irish potatoes output in tonnes)

Figure 7.2: A bar graph showing the trend in Irish potatoes output and two years moving
average (1999-2019)

Source: Researcher 2021

From the above empirical analysis of Irish potato output, two years moving average indicated
that a significant increase followed a decrease in Irish Potato output. The consistency of two
years increase in the output of Irish Potato for the period of 2000-2001, 2002-2003, 2010-2011,
2012-2013, 2013-2014, 2014-2015, 2016-2017 and 2018-2019 was depicted well by the general
positive trend line for the entire period as presented by the empirical analysis in figure 7.2.
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Basing the argument of 2 years accuracy recalling and reporting, small scale farmers reported to
have adapted in one way or another to the varying climatic trends. This positive reporting
between 2018 and 2019 was therefore associated with increase in Irish potato output between
2018 (305,250 tonnes) and 2019 (413,160 tonnes). The trend line for variation in Irish Potato
output was also positive, indicating that the output of Irish potato had registered a rising pattern
during the previous 21 years. The two years preceding the study were noted to have registered an
increase in Irish potato output. These positive indicators of improving Irish potato output were
linked to adaptation strategies employed within 21 years.

Since the recalling ability among the small scale farmers may not extend beyond a long time, the
last two years preceding the study were considered the best predictor that the adaptation
strategies employed were effective in improving the crop yields and output. However, climatic
extremes may have empowered the farmer's adaptation decisions and capacity, which could have
led to a significant decrease in Irish potato output, i.e., 2011 and 2012.

Comparing the empirical results of the two crops' output suggests that the adaptation strategies
may have worked better in Irish potatoes than in maize crops. This is because the trend line in
Irish potatoes was much stronger than maize output. In addition, the variation in Irish potatoes
output was better illustrated in two years moving average, unlike maize output, which was
illustrated using the five-year moving average. This is even though the average output of Irish
potatoes in tonnes was much higher than that of maize. A significant limitation of this model was
that it could not single out the adaptation strategies that were more effective than others. Because
of this weakness, there was a need to subject the adaptation strategies to a more complex
statistical tool to establish their relationship with farmers' opinions about their efficacy in

improving the output of the crops.
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7.4 Perception about the effectiveness of the applied adaptation techniques

Several adaptation strategies have been adopted in response to varying climatic factors based on
how small scale farmers perceived the effects and influences of climate variability. About 72%
of the household respondents said they had responded to climate variability in specific ways.

Around 27% said they had not, while 1% of the respondents were unsure about the question.

Response rate on whether respondents have responded to climate
variability

B 170t sure
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Figure 7.3 Respondent’s response to climate variability
Source: Researcher 2021

According to Belehu T. (2005), existing coping strategies must be examined for efficacy and
sustainability regarding prospected improvement in crop yields. Regarding respondents’ views on
the efficacy of the adaptation tactics to improve crop output, this study showed that 61.33% of
small scale farmers reported that some adaptation measures were effective for some time.
However, 20.67% of respondents reported that the adaptation strategies adopted were ineffective,

while 18% failed to respond to this question. It was assumed that the non-response came from
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farmers who reported not having undertaken any adaptation strategy or did not understand

whether what they were doing in the farms was adaptation.

Respondent’s view on effectiveness of the adaptation strategies in
improving crop output
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Figure 7.4 Respondent’s view on the efficacy of the adaptation tactics to improve crop
output
Source: Researcher 2021

7.5 Relationship between key adaptation strategies and the perceived efficacy

among the small scale farmers

Descriptive statistics showed that crop diversification was the most preferred form of adaptation
among the target participant group in Nyandarua County (21.21%). This was followed by
planting new crops variety and adjusting planting dates relative to changes in climatic patterns
(20.28% and 13.75% in that order). In addition, when the respondents were questioned to give
their views on whether adaptation strategies were effective or not, Crop diversification and

planting of a new variety of crops again scored the highest (80.4% and 75.9%, respectively)
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Regarding evaluating the efficacy of the four selected adaptation strategies based on the small
scale farmers' perceptions, many farmers felt that the strategies undertaken were effective
(56.6%), 15.5% very effective, and 25.5% ineffective. However, six respondents (2.4%) who had
taken at least one of the four adaptation strategies evaluated declined to answer the related
question. Perhaps this could have resulted from the question's ambiguity or lack of clarification
on the expected response, especially when the researcher’s assistants were not available to guide
the respondents.

In conclusion, the preliminary finding from the above descriptive statistics and the cross-
tabulations (table 7.2) revealed that the adaptation strategies the small scale farmers applied;
effectively improved the specific crop yields and output. However, this mere descriptive
illustration was not enough evidence to conclude that the four adaptation strategies were
effective. Therefore, a more scientific statistical method was necessary to confirm this situation

and test the null hypothesis.

Table 7.2 Cross tabulations of the key adaptation strategies and their efficacy

frequencies by the small-scale farmers

Perceptions about the efficacy of Crops New crops Adjusting Income Total
adaptations techniques applied by diversification variety planting dates diversification

small-scale farmers

No response 2 (2.3%) 1(1.1%) 2 (3.6%) 1 (4.8%) 6 (2.4%)
Very effective 15 (17.2%) 16 (18.4%) 7 (13%) 1 (4.8%) 39 (15.5%)
Effective 55 (63.2%) 50 (57.5%) 24 (43%) 13 (61.9%) 142 (56.6%)
Not effective 15 (17.2%) 20 (23.0%) 23 (41.1% 6 (28.6%) 64 (25.5%)
Total 87 (100%) 87 (100%) 56 (100%) 21 (100%) 251 (100%)

Source: Researcher’s computations (2021)
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7.6 Evaluating the effectiveness of the critical adaptation tactics using the

Multinomial Logistic Regression Model

In order to establish the efficacy of the four key adaptation strategies, the study applied the
Multinomial regression model to evaluate the selected adaptation strategies against the perceived
outcome of whether they were effective or not effective in improving the crop yield and output.
Multinomial logistic regression is a model utilized in evaluating the relationships between the
categorical dependent variable and more independent variables. The model accomplished the
stated objective by estimating the possibility of different outcomes of categorically distributed
dependent variables given a set of independent variables, which may also have been categorical.
The independent variable, in this case, was whether the adaptation strategies were very effective,
effective, or not effective. These predicted outcomes were categorical and not ordered.
Conversely, the dependent variables were the four adaptation strategies, i.e., crops
diversification, new crop variety, income diversification and adjusting planting dates. The
dependent variables were categorical, i.e., applied or not applied (Yes or No) and not ordered.
These unique data characteristics made the Multinomial logistic regression analysis an inferential
statistic that was suitable for this associated hypothesis testing. In this case, each adaptation
strategy under investigation was evaluated against the small scale farmer's perception of whether
it was effective or not while holding the other adaptations constant. Therefore, this statistical tool
enabled the researcher to separate and single out the adaptation strategies according to how
effective they were in promoting crop yields and output in responding to climate variations.

The findings of the multinomial regression analysis and technique demonstrated that taking up
crop diversification as an adaptation measure effectively increased crop output. This is because

the Exp data odds ratio (Exp (B)) for the two predicted outcomes of either very effective or
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effective was more than one, i.e. (Exp (B) =1.741 and Exp (B) =1.981, respectively. Crop
diversification defines the growing of several crops in a defined geographical area. It is possible
to achieve this strategy by introduction of new crop species or types, as well as altering the
current cropping system. In Kenya, the Irish potato is an excellent choice for crop diversity. The
tuber is already a primary or secondary food source for many rural communities. Potatoes have a
good amino acid balance and are high in protein, calcium, potassium, and vitamin C.
Furthermore, the Irish potato is a high-yielding crop. Maize, rice, and wheat all generate less
food quantity than Irish potatoes as evaluated against time and unit of land. Its vegetative cycle is
quick and adaptive, and it is possible to harvest the crop after 100 days. Additionally, the crop
has extra ordinary resilience to nearly all climatic and altitude conditions, even growing in dry
and semi-arid environments. Moreover it allows for intercropping and crop rotation with a
variety of other food and cash crops, including wheat, maize, and barley. Likewise, applying
new crop varieties as an adaptation strategy was also effective. New crop varieties included the
following drought-resistant hybrid maize variety; DHO01, DH02, DH04, DHO08, H532, H164D,
H628, H513, H516, and H517; Modern varieties of Irish potatoes such as Annet, Asante,
Desiree, Kenya Baraka, Shangi, etc. are considered to be drought-sensitive. The efficacy of this
adaptation strategy was because the Exp data odds ratio (Exp (B) for the two predicted outcomes
of either very effective or effective was more than one, i.e. (Exp (B) =1.292 and Exp () =1.141,
respectively. However, these two logistic statistical tests at P=0.05 were not statistically
significant. This meant that the responses for these two adaptation strategies were not good
predictors of the outcome of whether they were effective or not.

Regarding adjusting planting dates as an adaptation strategy, the multinomial logistic analysis

revealed that this adaptation strategy was less effective. This is because the Exp data odds ratio
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(Exp (B)) for the two predicted outcomes of either very effective or effective was less than one,
i.e. (Exp (B) =0.339 and Exp (B) =0.345, respectively. Early planting date for maize could benefit
high yields. However, there was no evaluation of the planting date influence on high-yielding
crops because data was not available at the time. One of the primary aspects to consider for high-
yielding maize output has been the intelligent utilization of the planting date window, which
lengthens the growing season while exploring ideal conditions at critical crop growth phases.
Ngetich et al. (2011), while studying the effects of planting dates in central Kenya, observed no
significant effect on maize yield during the long rain season of 2010, concluding that rainfall
patterns and amounts caused this scenario. Therefore, to optimize yield under variable climatic
conditions, it is critical that planting be appropriate to fit with limited multiyear and multi-
location replications, growing season, and crop maturity length (Feenstra et al., 2015). Starting a
maize farm within the early planting season is better for market and demand reasons. The
optimum planting date is between 15" March and 15" April, although planting could be done as
soon as rainfall becomes steady. Recently these planting dates have been extended up to 15"
May and June due to delay in the onset of rainfall.

Irish potatoes normally take 2 to 3 months to mature after planting. When the foliage begins to
turn brown, it is time to begin harvesting. When the earth is dry, harvesting is frequently done.
Gently dig up the potatoes from the earth when harvesting to avoid bruises or damage to the
tubers. Plant potatoes three weeks before the final cold season, or when the soil temperature four
inches deep reaches around 21°C. Potatoes should be sown in most parts of Kenya in February or
early March. The tops can be frozen off by frost if planted too early. There are three cycles for
adjusting the planting dates of Irish potatoes: early potatoes can be planted as early as mid-

March, and early potatoes should be planted a few weeks later. In order to yield a healthy crop,
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main crop potatoes must remain below the ground longer after planting, which typically occurs
in April. There has been a general shift of planting of the Irish potato crop to early June. Main
potato crops take approximately 120 days till harvest, while early potatoes record an average of
100 days. Therefore, scheduling the planting season in May and June may improve yield harvest
in late July dry periods.

Similarly, income diversification as a spontaneous adaptation strategy was less effective. This is
because the Exp data odds ratio (Exp (B)) for the two predicted outcomes of either very effective
or effective was less than one, i.e. (Exp (B) =0.228 and Exp (B) =0.941, respectively. Adjusting
planting dates logistic tests at P=0.05 were statistically significant while the income
diversification tests were not. Other sources of income other than farming for the small scale
farmers included formal employment, business, livestock keeping, casual labour, etc.

From the above results, it was concluded that two of the four selected adaptation strategies
evaluated were effective. In contrast, the other two were found to be less effective. In this case,
the associated null hypothesis was tested on two levels, i.e., the adjustment tactics by the target
participants to climatic changes (crop diversification and new crop variety) had not significantly
increased maize, and Irish potato output was rejected. On the other hand, these strategies
(adjusting planting dates and income diversification) had not significantly increased maize, and

Irish potato output failed to be rejected.
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Table 7.3: The Multinomial Logistic Regression analysis table

Parameters Estimates

95% Confidence Interval for Exp(ﬁ)
Std. Lower
Crops diversification” B Error | Wald | df | Sis. EXP{B) Bound Uppar Bound
Yeas Intarcapt -1.142) 297 |14.832| 1].000
[Vary affactiva] 554 438 1.603| 1).205 1.741 738 4.106
[Effactiva] 684 343 3972 | 1].046 1.981 1.011 3.879
[Not affactiva] 0" 0 : 2 :
95% Confidanca Interval for Exp(B)
Std. Lowsr
New crop varisty” B Error | Wald | df | Sis EXP(B) Bound Uppear Bound
Yes Intarcapt -742| 272| 7458 | 1].006
[Vary affactiva] 256 418| 376 | 1].540 1.292 570 2.932
[Effactiva] JA32) 324 167 | 1].683 1.141 605 2.152
[Not affactiva] 0° 0
93% Confidencs Interval for Exp{ﬁ)
Std. Lowar
Adjusting planting datas® B Error | Wald | df | Sie. | Exp (B) Bound Uppear Bound
Yes Intarcapt -528| .263| 4.034 | 1].045
[Vary affactiva] | -1.081 490 | 4861 | 1].027 339 130 .887
[Effactiva] -1.065| .345] 9.503 | 1].002 345 175 679
[Not affactiva] 0 0 ¢ :
95% Confidancs Interval for Exp(P)
Std. Lowar
Incomsa divarsification’ B Error | Wald | df | Sig. | Exp (B) Bound Uppear Bound
Yas Intarcapt -2.234 430127.037| 1].000
[Vary affactiva] -1.480) 1.100| 1.812| 1]|.178 228 026 1.964
[Effactiva] -.061 S19| 014 | 1].906 941 240 2.600
[Not affactiva] 0 0

a. The rafarancea categorv is: No.
b. This paramater is satto zaro bacauss itis radundant.

Source: Researcher 2021|
7.7 Evaluating the determinants of the key adaptation strategies
Several determinants were assessed based on their relationship to the four key adaptation
strategies chosen for the study. These determinants were; Gender of the respondent, Size of the
household, Age of the respondent, Level of education, Monthly income in Ksh., Ownership of
land, Size or proportion of land under cultivation, Type of farming system, Changes in crop

yields and Effectiveness of the adaptation strategy.
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7.7.1 Adjusting to climatic variability through crop diversification

In Nyandarua County, a number of variables affected farmers' decision to use crop
diversification as a long-term adjustment tactic to climate unpredictability. The significance of
the multinomial regression model was at p<0.01 in indicating the socio economic determinants
of adoption of crop diversification strategies by the farmers, and predicted 87.6% of adopters.
The farmers' choice of this adaptation technique of crop diversification was explained in part by
their perception of the efficacy of this adaptation technique. The farmers' preference of technique
to crop diversification in the research area as indicated in table 7.4 was not explained by any of

the other components.

Table 7.4: Factors influencing small scale farmers' adaptation to crop

diversification in Nyandarua County

95% Confidence

The dependent variable is adoption crop Interval for Exp(j3)
diversification (Yes-1)
Independent variables Std. Lower Upper

B Error Wald  Sig.  Exp(B) Bound Bound
Intercept -1.556 .956 2.652 103
Gender of the respondent 155 274 319 572 1.167 .682 1.997
Age of the respondent -.012 114 012 914 .988 789 1.236
Size of the household -.103 174 351 .554 .902 .642 1.268
Level of education .108 152 502 479 1.114 .826 1.501
Monthly income in Ksh. .067 122 .302 .583 1.069 .842 1.358
Size of land under cultivation .103 127 .650 420 1.108 .863 1.422
Ownership of land -.185 111 2772 .096 831 .669 1.033
Type of farming system 153 .066 5346  .021 1.166 1.024 1.328
Changes in crop yields -.118 275 184 .668 .889 519 1.523
Effectiveness of the adaptation strategy .378* 142 7.110  .008 1.460 1.105 1.927
Model diagnosis
Observations 300
Log likelihood 352.29
Wald (LR) Chi square 87.6
Model significance level P=0.003
Pseudo R? 0.167

*Significant at 5% probability level
Source: Researcher 2021
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The efficacy of this adaptation strategy positively (f=0.378, p=0.008) impacted farmers' choice
to use crop diversification as a desirable technique to mitigate and adjust to the effects of climate
change and variability. Small scale farmers who perceived this adaptation strategy as effective
adapted to crop diversification more than small scale farmers who did not perceive it as effective.
This may have been attributed to by the fact that the adaptation strategy could have improved the
crop yield regardless of the climatic changes experienced in the County. Results from table 7.4
above indicate and confirms that the respondents’ gender, level of education, and type of farming
system were more positively significant in influencing crop diversification, while the

respondent's age was the least significant.

7.7.2 Adaptations to climate variability through the planting of new resistant

and drought tolerant crop variety

The significance of the statistical framework utilized was at p<0.01 and accurately projected
62.23% reliance on adjusted farming strategies for both adopters and non-adopters to the
drought-resistant crop farming techniques in Nyandarua County. This was according to a logistic
regression evaluation of the elements influencing small scale farmers' adaptation of new varieties
of crops tolerant to climate variability, as shown in Table 7.5. However, all the variables apart
from the efficacy of the adaptation strategy were insignificant in explaining the adoption of this
adaptation strategy in Nyandarua County. The efficacy of these adaptation measures in
influencing agricultural yield was consistent with a research that proposed the cultivation of
more suited and resilient crop types as a drought-resilient strategy to lessen climate variability's
effects in Africa (IPCC, 2007). The finding was also backed up by a research carried out in
Vihiga, where the researchers found that improved livestock feed and breeds, together with

average Yields for dual-purpose sweet potato types, would fully counter balance the effects of
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climate fluctuation (Kelvin et al., 2016). Another study discovered that introducing drought-
tolerant cultivars to Ghana farmers would boost maize harvest (Tachie-Obeng et al., 2012).

In Nyandarua County, the common highland maize variety adopted by many farmers was
H614D. This variety does well at an estimated altitude of between 1500 and 2800 metres above
sea level. This common hybrid variety takes 160-210 days to mature with an approximate yield
of xX90KG/acre of 38 bags. Small scale farmers attributed this maize variety to a sweet-tasting,
high density, long storage period, and resistance to grey leaf spots and blight. Modern varieties
of Irish potatoes in Kenya and Nyandarua, in particular, are considered drought-sensitive. These
varieties include Annet, which requires a medium-high altitude of 1300-2000 m.a.s.l. This has a
short maturity period of (< 3 months) with a medium output yield of (30-35 tons/ha). Desiree
necessitates a high altitude of 1800-2600 meters above sea level. It has a 2.5-3.5 month early to
medium maturity time and a medium to high output yield of 35-40 tons/ha. Desiree is a medium-
tall erect cultivar characterized by dark green leaves, sized at approximately 0.7 meters in height,
a sturdy stem, and has a small number of flowers that are pale pink in colour. The crop has

demonstrated high degree of tolerance to Potato Virus Y (PVY) disease.
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Table 7.5 Factors influencing small scale farmers’ adaptation to new resistant

crop variety in Nyandarua County

The dependent variable is the adoption 95% Confidence
of a new crop variety (Yes-1) Interval for
Exp(B)

Std. Lower Upper
Independent variables B Error  Wald Sig. Exp(B) Bound  Bound
Intercept -2.212 973 5.165 .023
Age of the respondent -.003 116 .001 .978 1.003 .799 1.260
Gender of the respondent .038 281 .019 .892 1.039 599 1.801
Size of the household -.088 73 .261 .609 915 .652 1.285
Level of education .165 153 1.165 .280 1.180 874 1.593
Monthly income in Ksh. .258 122 4.433 .035 1.294 1.018 1.645
Ownership of land under cultivation -.028 .106 .070 791 972 791 1.196
Size of land under cultivation -.284 128 4.973 .026 1.329 1.035 1.706
Type of farming system .098 .067 2.158 142 1.103 .968 1.257
Changes in crop yields -.273 273 1.004 .316 761 446 1.299
Effectiveness of the adaptation strategy ~ .506* 151 11.200 .001 1.659 1.233 2.232
Model diagnosis
N of observations 300
Wald (LR) Chi square 62.23
Log likelihood 353.67
Model significance level P=0.000
Pseudo R 0.598

*Significant at 5% probability level

Source: Researcher 2021

7.7.3 Changing crop planting dates as a technique of adapting to climate
unpredictability

The logic model's outcome is shown in Table 7.6. The model properly predicted that 73.61

percent of adopters and non-adopters would adjust crop planting dates, with a p=0.01

significance level. Maize and Irish potatoes should be planted as soon as the wet season begins.
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Changes and delays in the start of the rainy seasons would cause planting dates to be shifted in
order to avoid crop failures. Farmers' adaptation to altering specific crop planting times in
Nyandarua County was explained by three variables: respondents’ age, ownership of land under

cultivation, and perception of the efficacy of adaptation techniques to climate variability.

Table 7.6 Factors affecting small scale farmers’ adaptation to adjusting

planting dates in Nyandarua County

95%  Confidence

The dependent variable is an adaptation Interval for Exp(p)

to adjusting planting dates (Yes-1) Std. Lower Upper
Independent variables B Error  Wald Sig. Exp(B) Bound  Bound
Intercept -5.482 1293 17.973  .000

Gender of the respondent -.061 332 .034 855 941 491 1.803

Age of the respondent 466> 151 9.497 002  1.594 1.185 2.144

Size of the household .081 .200 162 .687  1.084 732 1.604

Level of education 329 181 3.297 069  1.390 974 1.983

Monthly income in Ksh. -.141 153 841 359  .869 .643 1.173

Type of farming system -.091* .082 1.231 267  .018 178 1.072

Size of land under cultivation -.288 155 3.464 .063  .008 .553 1.015

Ownership of land under cultivation .408* 118 11.896 .001  1.504 1.193 1.896

Changes in crop yields -.208 322 420 517 812 432 1.525

Effectiveness of the adaptation strategy .891* 207 18.530 000 2439 1.625 3.659

Model diagnosis

Observed Quantities 300

Loglikelihood 282.85

Wald (LR) Chisquare 73.61

Model significance level P=0.001

Pseudo R? 0.353

*Significant at 5% probability level

Source: Researcher 2021

Farmers' decisions to modify crop cultivating schedules as an adaptation strategy were
negatively influenced by land size under crop cultivation (=-0.288, p=0.008). In comparison to

farmers with a limited quantity of land under cultivation, this meant that farmers owning and
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controlling large tracts of land under cultivation responded well to altering crop planting dates.
In some areas of the land, the large farm size made it easier to adjust planting dates. Farmers'
decisions to modify planting schedules were influenced negatively (f=-0.091, p=0.018) by the
agricultural system. Farmer’s reliance on rain to feed their crop cultivation had a preference of
adjusting the planting schedules as an adaptation method, regardless of the sort of agricultural
system they used.

Farmers in East African countries chose to change field sowing schedules to prevent climate-
associated risks, according to studies by (Kelvin et al., 2016). It's probable that this was due to
the fact that such methods involved little expenditure. This approach entails merely gathering
information and teaching small scale farmers, whereas many other practices necessitate

substantial time and financial investment.
7.7.4 Adaptation to climate variability through Income diversification;

The adaptation technique of income diversification refers to increasing the number of different
sources of income. Diversification of income is becoming a more essential adaptation strategy
for many rural households to mitigate environmental risk. According to source data, small scale
farmers mostly earn money through farming, which accounts for 60% of total household income.
Crop production (farming) was the most importantly considered source of earnings between the
residents. Table 7.7 demonstrates that over 53% of farm households in the sample under study
made money from selling crops.

The logistic regression statistical model described certain determinants of some revenue sources
based on income diversification. Table 7.7 revealed that the household head's education levels
(B=0.491, p=0.048) was strongly correlated with the quantity of revenue sources. According to

UNFCCC (2018) studies, high levels of education open the door to a variety of economic
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pursuits. Better education means being able to participate in a wider range of activities and, as a
result, having a greater possibility of earning extra and more money. The findings also indicate
that homes with a small number of young children and older persons are typically likely to
increase and diversify their revenue sources, as a higher proportion of children means fewer

family members can engage in crop related agricultural production (f=0.445, p=0.044).

Table 7.7 Factors influencing small scale farmers’ adaptation to use Income

diversification in Nyandarua County

95% Confidence

The dependent variable is an Interval for
adaptation to income diversification Exp(B)
(Yes-1)

Std. Lower Upper
Independent variables B Error  Wald sig. Exp(B) Bound  Bound
Intercept -8.128 1934  17.662 .000
Age of the respondent 445 221 4.068 .044  1.560 1.013 2.404
Gender of the respondent -.167 495 113 736 .846 320 2.235
Size of the household .335 .282 1.414 234 1.398 .805 2.429
Level of education 491 .248 3.920 048 1.634 1.005 2.656
Monthly income in Ksh. .017 .208 .007 .934 1.017 677 1.528
Ownership of land under cultivation 115 .185 .389 533 1122 781 1.611
Size of land under cultivation -.049 222 .048 826 .952 .617 1.471
Type of farming system .091 A17 .604 437 1.095 871 1.377
Changes in crop yields .790 469 2.832 092 2.203 878 5.526
Effectiveness of the adaptation strategy 631 .300 4.415 036  1.880 1.043 3.388
Model diagnosis
Number of observations 300
Log-likelihood 149.27
Wald (LR) Chi-square 34.52
Model significance level P=0.221
Pseudo R 0.27

*Significant at 5% probability level

Source: Researcher 2021
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7.8 Analysis of Key informants review on the efficacy of crop farming

adaptation strategies against climate variability

Key informant interviews and rural appraisal were the primary data collection techniques to
analyze the essential informants' review on the topic of study. The interviews were conducted
after the compilation of the first and second objectives. Twenty key informants and resource
persons were selected for the interview. The key informants and resource persons were
purposively sampled to include the agricultural extension officers in the area. The researcher
perceived them as knowledgeable of the area's past and current trends of climate variability, crop
farming, and adaptation strategies.

With changes in rainfall pattern, a key informant indicated that;

"Rainfall was enough and precisely forecast in the 1980s, but records showed that recently
decreased rainfall volumes are borne from a high rate of forest loss that disrupted the climate
pattern, e.g. less rainfall across the short and long rains season,” Mr. Daniel Muchiri said
(Deputy Director of Agriculture-crops-Nyandarua County).

Key informants uniformly acknowledged that farmers' accessibility to climate variability data
from online and print media greatly influenced the agronomists’ choice to adapt to climate
variability. A key informant indicated that small scale agronomists with access to climate
variability data and publications were more likely to adapt and adjust to climatic variability than
those ones who did not have access to climate variability information. As one important
informant put it:

"Through my work with small scale farmers, I've noticed that some people listen to farming
radio programs and smart agriculture on television as a means of accessing information about

climate variability, and as a result, farmers can identify and plan the best time to cultivate their
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land, plant, and harvest as compared to those who do not."” Mr. J. K. Ndung'u is a member of the
J. K. Ndung'u Foundation (Agricultural and Mechanization services Deputy Manager-
Nyahururu).

Further interviews with key informants revealed that husbands and wives have varied
perceptions of their understanding and knowledge of the main causes and implication of climate
variations based on specific elements. "The former gender felt they had a greater degree of
knowledge while wives perceived themselves to be not well educated on the causal factors of
climate unpredictability and its impacts on their livelihood,” one key informant said. Mr. John
Mwangi Wambugu (Crops officer-Agricultural Training Centre-Njabini).

Because most small scale farmers have little and inadequate knowledge of the causes and
mitigation of climate variability, the key informants proposed that further awareness campaigns
to be continuously performed in the County.

"Wives and husbands believed that unproductive farming methods, such as the degradation of
wetlands and water reservoirs, were primary causes of climate change. Likewise, most of the
wives believed that God or acts of nature caused climate change™ Mr. David. Mwaniki (Ward
Agricultural Extension Officer-Njabini Ward)

7.8.1 Benefits and costs of crop farming adaptation strategies

The cost breakdown of the key adaptation strategies obtained from the key informants indicated
that small scale farmers might not get the full benefit of investing in an expensive adaptation
strategy. This is because of the low income to sustain the adaptation strategy until the full
benefits are realized. Some key informants suggested that management of agricultural water is

among the most effective techniques for adapting farming to climate variations and change.
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"It is possible to improve water management through various strategies including rainwater
storage, boreholes, and shallow wells. However, there is need to do further investigations on the
environmental implications of these techniques.” Mrs. Salome Mahia (Frontline Extension
Officer-Gathara Ward).

According to the key informants' interview analysis, small scale agronomists relied on contour
ridges as a technique for enhancing moisture conservation, encouraging better root penetration,
and mitigating soil erosion, especially in the sloping lands of the County. In addition, the critical
informant analysis findings suggested that agronomists used crop diversification, agricultural
practices, and tillage techniques to maximize yields relying only on the available water supply.
"Informant interviews acknowledge that tillage has a high likelihood of improving water
infiltration rates, which reduces surface runoff associated with heavy short rains — common in
most areas of the County. "Mr S.M. Maina (Agricultural Officer-Kipipiri Sub County).

Most of the key informants were concerned about the efficacy of specific adaptation strategies.
"Implementing certain adaptation strategies takes some time, but again the climate variability
extreme event becomes stronger and therefore causing substantial damage despite previous
adaptation strategy™ Smart Agriculture Project Consultative Forum-Nyahururu.

At this point, the small scale farmers are faced with a choice between undertaking further costly
adaptations and accepting the heightened risks. This becomes a significant challenge in
evaluating the efficacy of adaptation strategies. Some key informants suggested that for an
adaptation strategy to be effective, it should take up the bottom-up approach model.

“Adaptation at the local-level mainly community-based techniques are crucial because these
levels have a high likelihood that the benefits will be noticeable. Moreover, such strategies in

these levels have direct implications for development since actions here are a necessity for
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household and individual adaptation. The logic explains why such programs rank high on the
government sustainable development programs”. Mrs. P. M. Maina (Frontline Agricultural
Extension Officer-Kiriita Ward in Ndaragwa Costituency).

The key informants unanimously reported that the County government, in partnership with
climate change smart agriculture, conducted an extensive campaign and awareness concerning
the effects of variability and climate change and possible interventions to sustain crop output.
This awareness resulted in applying some adaptation techniques such as crop diversification,
new seed variety, and changing planting dates. The application of these adaptation strategies was
associated with a steady increase in maize output between 2017 and 2019 (21,870 in 2017 to
34,289 in 2018 to 37,184 in 2019 tonnes). The key informants associated the high output of
maize between 2010 and 2013 with normalized rainfall patterns in the County. During this
specific period, the key informants did not necessarily associate the high output of maize with
the efficacy of some adaptation strategies. The key informants also reported that the rapid
changes in extreme events of climate may have lowered the output of crops even though farmers
may have adapted well to this unexpected change.

From the key resource person’s views and analysis, it was discovered that adaptation strategies
were more effective in Irish potato crop farming compared to the maize crop. Perhaps because
Irish potatoes take less time to grow and mature, i.e., three months, compared to maize which is a
one-season crop, because of this reason, the trend line for variation in output of Irish potatoes
was also indicating that the output of Irish potato had registered an upward trend during the
previous 21 years, i.e., from 199,878 tonnes 1n 1999 to 413,160 tonnes in 2019. This was
considered enough evidence that applying adaptation strategies was significant in increasing crop

output in Nyandarua County.
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7.9 Discussion of the key adaptation strategies

7.9.1 Crop Diversification

Crop diversification is a traditional agro-ecosystem that involves growing a variety of crops and
kinds in different geographical and temporal configurations. Agroforestry is also one of the
earliest agricultural practices. Farmers mimic nature's agricultural practices by incorporating
trees and other permanent crops within the same household farm, along with a variety of crops,
primarily vegetables and other food crops. This approach diversifies crop species, which adds to
their economic relevance due to their food and nutritional worth (balanced diet) as well as a
source of household income. Agricultural diversification of crops is a strategy for improving the
well-being of rural households with low incomes. Its benefits include increased food security,
risk reduction, job creation, and biodiversity preservation. New crop diversification opportunities
are emerging, particularly for adventurous and progressive farmers.

Farmers are more vulnerable to weather fluctuations when they grow single crops like maize or
Irish potatoes. Crop diversity is critical for small scale farming systems to maintain crop output
stability. Crop diversification policies give a realistic option for adapting to a broader diversity of
crops planted to lower the probability and risk of crop failure in this regard.

According to the findings of the study, this adaptation approach was the most commonly
considered adopted adaptation strategy by slightly over a quarter of the respondents’ small scale
farmers (27.7 percent). In a study conducted in the Sekyedumase region of Ghana's northern
region, Fosu Mensah et al., (2012) found similar results. Crop diversification was identified as an
effective adaptation strategy in warmer climatic regions using a Logit analysis model of 180
farmer families. Based on the current study region, it was clear that small scale farmers had

accepted the technique of cultivating various crops alternately on the same plots of land. Farmers
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in the drier parts of Nyandarua North had taken to growing short-season crops including beans,
onions, cabbages, Irish potatoes, and fruits.

Previously, maize harvests were the main crop in certain areas of the County. Small-scale
farmers in the county's cold and wet districts, such as Shamata, Wanjohi, Passenga, Engineer,
and Mirangine, had embraced cultivating maize and wheat in addition to the major crop, Irish
potatoes. Fruits, French beans, vegetables, green peas, and fodder crops including sunflower,
oats, and beetroots were among the new crops progressively establishing themselves in
Nyandarua. They have not fully adopted these new crops in all sub-counties, and farmers are also
unfamiliar with the methods used to grow them, which is a restriction of these new crops. Due to
these factors, maize and Irish potatoes have remained the County's backbone despite climatic
problems.

The government of Nyandarua County stated that in the department of agricultural sector, focus
should be given to improving the quality and quantity of agricultural production through
enhanced extension programs, as well as ensuring food security through agricultural enterprise
diversification (Nyandarua CIDP, 2018). The Nyandarua County government had implemented
several projects to help with this, including support from agricultural institutions, greenhouse
farming, farm input support, subsidized fertilizers, cut flower value chain development, value
additional promotion, promotion of pyrethrum, fruit tree promotion, and Irish potato and cereals
value chain development.

Secondary information from the County government indicate that between 2018 and 2020,
approximately 3,000 farmers benefited from 8,100 fruit tree seedlings such as apples and

avocados. 1,500 farmers received 800 bags of local Irish potato seeds and 1,000 bags of imported
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Irish potato seeds. 150 farmers obtained various farm inputs for demonstration while 3,000
farmers received 2.8 million pyrethrum seedlings;

Additionally, over 100 farmers received the cut flower grading shed built at Njabini ATC as
5,000 farmers benefited from 3,510 bags of DAP subsidized fertilizer while 20 Shauri women
participants profited from potato value addition equipment. Greenhouses were installed at 5
farmer groups and ten institutions. Small scale farmers have been able to adapt to the shock of
climatic variable impacts by using crop diversification tactics to lessen or minimize the impact
on crop production.

Over 1000 farmers in Nyandarua County have embraced diversification of high-value crops such
as new lrish potato varieties, Hybrid maize varieties, grafted avocados, tissue culture bananas,
French beans, and cowpeas to realize economic stability instead of relying solely on maize.

The County chief agricultural officer Mr Muchiri Daniel said the number of farmers requesting
for promotional crop seedlings is gradually rising. "Our farmers are requesting large numbers
of Irish potatoes seeds, tomato tree fruits seedlings, and bananas daily, and this is impressive,”

he noted.

“The County has so far distributed 143,000 grafted avocados, 25,000 grafted tomato tree fruits
seedlings and 55,500 tissue culture bananas.”

"We are currently planting avocado on a 14-acre land. We also plant tree tomatoes as a booster
to enlarge our financial basket and other cover crops that will improve our economic planning

and soil fertility,” said Mr Njagi-a small scale commercial farmer in Njabini.
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Plate 7.1: A Small scale farmer in Nyandarua demonstrating crop diversification (Pepino

Melon fruits and Irish potatoes on the same piece of land)

Source: Researcher 2020
7.9.2 New crop varieties resistant to variations in climate

Concerning respondents' opinion that new crop varieties are more resistant to variations in
climate, 50% of the respondents agreed with this opinion, while 20% disagreed. 15% were not
sure that crop varieties are resistant to climate variability. These results aligned with those of a
study conducted by Ngigi et al. (2016), whereby cross-tabulation analyses demonstrated that
farmers who were members of community social welfare organizations had a higher likelihood
of receiving group-based seed purchase help to alter crop variety and type. Crop diversification,
according to Ngigi et al. (2016), entailed growing a variety of crops, including drought-resistant
ones like legumes, millets, native vegetables, and exotic ones, while crop variety modification

involved implementing approved and quickly maturing crop seed kinds. According to this study,

172



small-scale farmers changed the crop variety they were growing since the new crops were
drought-resistant, meaning they could withstand harsh weather conditions like disease, pest
infestation, and drought while maturing quickly with little precipitation. This resistance to severe
weather ensured consistent crop yields, which translated into a reliable supply of food and a
means of subsistence for the household. According to an article published by Behum in 2006
about climate change and agriculture in South Africa, increasing water scarcity meant that more
research was needed into the new crop varieties that were heat tolerant and less affected by water
stress. The following drought-resistant hybrid maize varieties had been introduced and adopted
by farmers in Nyandarua County; DHO1, DHO02, DHO04, DHO08, H532, H164D, H628, H513,
H516, and H517. These new common drought-resistant varieties do well at an altitude of 1500-
2800 m.a.s.l and take 70-120 days to mature with an approximate yield xX90KG/acre of between
15-25 bags. These maize varieties have been attributed by small scale farmers as early and stay
green, tolerant to blight and rust, suitable for Asals and dry land ecological areas, early tolerant
to moisture stress, and have good husk cover and stand ability.

Modern varieties of Irish potatoes in Kenya and Nyandarua are mainly considered drought-
sensitive. Asante Irish potato variety requires a high altitude of >2300 m.a.s.l. It has a medium
maturity period of (3-4 months) with a medium to high output yield of (35-45 tons/ha). Asante
variety is tolerant to Late blight disease though can still suffer the late-season infections. Desiree
Irish potato variety requires a high altitude of 1800-2600 m.a.s.l. It has an early to medium
maturity period of (2.5-3.5 months) with a medium to high output yield of (35-40 tons/ha).
Desiree Irish potato variety is an upright medium-tall variety (about 0.7 meters in height) with
dark green medium-sized leaves and strong stems. The variety produces light pink flowers which

are scarcely distributed in the plant. Desiree variety is moderately tolerant of (PVY) disease.
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Kenya Baraka requires a high altitude of 1600-2700 m.a.s.l. It has a medium maturity period of
(3 months) with a medium to high output yield of (30-40 tons/ha). It has a long tuber dormancy
of 4.5 months, making it a highly suitable drought-resistant crop. Kenya Baraka is a tall, vertical
variety (about 1 meter in height) with strong stems and broad green leaves. It flowers
moderately, and the flowers are white. The variety is resistant to diseases such as Late blight.
Other varieties include Kenya Karibu, Kenya Mpya, Kenya Sifa, Shangi, Kenya Mavuno, Mayan
Gold, Purple Gold, Sherekea, Tigoni, and Dutch Robijn.

The results of the study regarding new crop varieties were further supported by one of the main
advantages of the Ricardian Empirical Model that allowed the inclusion of adaptation responses
by farmers to local climate, which incorporated the challenges farmers face when introducing a
new crop variety such as cost, accessibility, and benefits of the new seeds. This aspect added
new knowledge to the Ricardian model by providing more optimistic insights concerning the
impact of climatic variations on crop farming and adaptation than generally the doubtful results
found in purely agronomic studies. However, in the literature review section of this study, the
theory suffered one limitation: it failed to integrate the transition costs that a small scale farmer
may incur when moving from one crop farming adaptation option to another due to climate
variability. For instance the theory assumes the farmer endures the cost associated with the new
crop variety introduction. The approach, however, is unable to account for the expenses incurred
by switching to alternative new crops in the event that the new crop fails and a farmer plants
another one. Particularly in agricultural subsectors like crop farming, where significant capital is
constantly required, the costs of transition are large (Kiiru et al., 2013). The scope of the current

study did not go beyond studying the transition costs of establishing a new crop variety.
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About new crop variety, highland maize varieties include H626, H625, and H627. Hybrid seed
varieties correspond well to different agro-ecological and climatic zones. These types maize
seeds are appropriate for medium-to-high altitude regions with an elevation range of 1,500-2,100
meters above sea level, a maximum temperature of 28 degrees Celsius, and a minimum
temperature of 8 degrees Celsius. Transzoia, Nyandarua, Uasin Gishu, Kericho, Nakuru, Narok,
Kisii, and the highland zones of the central and eastern area are the favourable growing locations
for the highland maize variety. (Kenya Seed Company, 2013). According to Schroeder et al.,
(2013), these varieties require precipitation ranging from 800-1,500mm.

Crop diversification policies offer one potential adaptation option by lowering the likelihood of
crop failure. According to Techoro (2012), policies and initiatives aimed at fostering diversity in
seed banks offer farmers a long-term chance to diversify. Moreover, crop swapping, a strategy
for adaptation that involves replacing outdated hybrid plant seeds with new ones developed to
withstand intense heat and drought, may boost agricultural productivity in the face of shifting
moisture and temperature stress.

7.9.3 Adjusting planting dates/early planting

Small scale farmers in Nyandarua County had anticipated that this adaptation action to climate
variability had been undertaken by several farmers. Their dependency on rain-fed crop farming
made them flexible regarding when crops are planted. In the current research, 10.3% of
respondents indicated that they had used adjusting planting dates as one of their coping strategies
at one point or another. With the current situation of heavy rainfall concentrated in shorter
periods and starting earlier than expected, some farmers had responded by adjusting the start of
the planting period. In instances where the onset of rain had been delayed, farmers had reacted

by also delaying the planting of crop seeds. When the onset of rain comes early, some
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adjustments farmers make include early planting. The interviews with small scale farmers
showed that early planting done between 30" April and 2nd May 2018 contributed to yields of
maize being significantly higher than of the late-planted maize crop between 14" May and 15"
May 2018 as being the lowest. Late planting, therefore, remarkably reduces the establishment
and yields of maize.

Farmers' other adjustments in their operation included cultivation of crops with a reduced growth
period such as cabbages, potatoes, and the short growing season maize variety that takes 120
days to 140 days to mature. When long rains had extended beyond the harvesting period, farmers
had been forced to harvest some crops early. Farmers often adjust planting dates in reaction to
fluctuation in this scenario, especially when the first rains arrive. However, according to Deressa
et al. (2009), shifting planting dates does not guarantee that crop yields will improve because
most growing seasons will be shorter. Instead of planting immediately after ploughing the land,
farmers await the arrival of the long rains before sowing the seeds due to the variety and
uncertainty of climatic elements.

Early sowing prior to the commencement of rains has in the past resulted in seeds drying up due
to unexpectedly high temperatures. Starting a maize farm early in the planting season is
advantageous for market and demand reasons. The suitable time to plant is between the 15" of
March and the 15" of May, though planting can begin as soon as the weather stabilizes. As a
result, maize growers should not hesitate to sow through the 15" of May, anticipating maximum
yield potential. Several factors, however, had a negative impact on maize yield after May 15"
First, the shorter time between plantings has a major impact on yield. Maize matures about three-
four months, especially for short rain-season variants, although it might take up to 10 months or

more for other types.
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Irish potatoes normally take 2 to 3 months to mature after planting. When the foliage begins to
turn brown, it is time to begin harvesting. When the earth is dry, harvesting is frequently done.
To avoid bruises or damage to the tubers, gently dig up the potatoes from the earth during
harvesting. Plant potatoes when the soil temperature four inches deep reaches around 21 degrees
Celsius, or about three weeks before the first cold season. Potatoes should be sown in most parts
of Kenya in February or early March. The tops can be frozen off by frost if planted too early.
Irish potatoes planting dates are adjusted through three cycles: early potatoes from mid-March,
earlies a few weeks later, and main crop potatoes in April for better crop yield. The current study
by the researcher (2021-2023) found that adjusting planting dates in Nyandarua County,
although adopted by a small percentage of the population, aligns with the findings of a survey of
small-scale farmers in Ghana in a study by Fosu Mensah et al. (2012).

Crop diversification and shifting crop planting schedules were two significant tactics for
adjusting to warmer temperatures. Changes in planting dates are one of a kind method favored
primarily by female farmers. Early planting, according to female farmers, enables for faster seed
germination since seeds sprout due to early drops of rainfall and soil moisture. Faster crop
growth leads to higher yields and output as a direct result of shortened germination period. Other
similar studies have highlighted conflicting results between males and females as far as this
strategy are concerned. Female farmers have adopted an early planting technique to improve
food security as a result of their role as home food providers, which leads to improved crop
output. Male family members, on the other hand, are traditionally responsible for commencing
land tiling preparations and early crop planting methods. According to this logic, female farmers

will find it difficult to adopt early planting as an adaptation strategy.
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7.9.4 Income diversification;

Research indicates that a limited number of individuals in the real world generate all their
earnings from a single source, maintain all their wealth in a single asset, or employ all their
assets in a single activity. As a result, we may state that diversification of the income is the norm.
The process by which rural people build progressively their varied livelihood portfolios, using
increasingly distinct combinations of assets and resources to enhance and support their ability to
improve their living standards, meet their fundamental needs, and minimize climatic variability
risk, is known as diversification.

Off-income activities also had the potential to influence the economic livelihood of the target
group as among the methods of coping well with climate variability effets. This is because they
largely perceived incomes from non-agricultural activities as an adaptation strategy. The current
research findings indicate that 4.7% of respondents had engaged in other income-generating to
supplement the low income obtained from farming. Examples of these income-generating
projects that small scale farmers are engaged in include:- Engaging in small businesses like
buying and selling of food products, clothes wear businesses, beauty shops, salons, barbers,
hotels etc. Other income-generating activities stated by the small scale farmers were switching to
livestock farming such as goat rearing and dairy cattle keeping, digging and crushing stones for
sale, growing and selling fodder and pasture for livestock, and transport business such as
Motorcycle (bodaboda) business. These income-generating activities could be beneficial ways
for small-scale farmers to adapt and adjust to climate variability shocks (FAO, 2012b).

The current study results show that only a small section of the small holder farmers had adopted
income diversification as an adaptation tool. This could result from perceiving such activities as
a low return strategy. In addition, some income-generating projects required capital to start,

which was not readily available. Gender differences could also have affected the uptake of off-
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income activities within a household. According to a study by Thorlakson & Neufeldt (2012),
both primary genders in farming want to enhance and build their resilience to climate change
shocks and variability through active engagement in secondary and passive income-generating
opportunities to reduce poverty and reduce their reliance on agriculture. Similar research on the
adaptation variables to climatic variation among cocoa farmers in southwest Nigeria was done by
Oyekale et al. (2012), who discovered that men were more likely than women to diversify their
crops and sources of income. Female farmers favoured diversifying their livestock portfolios,
particularly producing small animals and poultry, according to the current study, to be able to
increase family income and food security status. This is due to the fact that some animals, such
as milk goats, do not feed a lot of grass. Despite low availability and poor quality feed during the
dry season, they continue to give the family a very nutritious milk and additional revenue

earnings.
7.10 Challenges/Limitations of adaptation to climate variability

This variable though not in the research question, was perceived to be one of the factors either
directly or indirectly influenced the type of adaptation techniques taken by small-scale farming
communities. Results from the participants’ surveys and the deliberations carried out with
extension service workers on the questionnaire sheet about the question; “Which challenges have
prevented you from coping well with climate variability?”” 97% of the respondents gave diverse
challenges, as shown in table 7.8. However, 3% of the respondents were not able to respond to
this particular question. In regard to challenges and constraints, the study indicates presence of
five weighty constraints to adaptation which included: - Lack of resources/financial constraint/low
income (27%), inadequate relevant skills/ limited awareness or lack of necessary information

(22.3%), Fluctuations of market prices for farm produce (11%), Lack of government
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support/inadequate policies (8.7%) and shortage of water for irrigation (7%). Other challenges
suggested by respondents included; ineffective and unsound government policies (including the
distribution of irrigation equipment and fertilizers), non-availability of seeds, farmer’s health
status, inadequate labor to work of the farms, land shortages, and lack of information.
Additionally the research also highlighted the following constraints to practical adaptation; high
basic prices of food and basic supplies, communication, and public awareness. Wambua, Omoke,
and Telesia (2014) found some empirical evidence that lack of adequate arable lands and other
capital resources were underlying challenges to practical adaptations and, consequently, food
insecurity in Kenya. These challenges as understood by the target audience greatly influenced the

ineffectiveness of their adaptive capacities and were vastly overwhelming (Ochieng et al., 2016).

Table 7.8: Challenges/limitations facing adaptation to climate variability

Challenge/Limitation Frequency Percentage = Cumulative %
Lack of resources/finances/low income 81 27.0 27.0
Limited awareness/information/relevant skills 67 22.3 49.3
Shortage of labour 9 3.0 52.3
Lack of access to credit/farm inputs 12 4.0 56.3
Lack of ready market for farm produce 15 5.0 61.3
Shortage of water for irrigation farming 21 7.0 68.3
Fluctuations of market prices for farm produce 33 11.0 79.3
Lack of adequate land 10 3.3 82.7
Lack of government support/inadequate policies 26 8.7 91.3
Other constraints/challenges 16 5.3 96.7
No response 10 3.3 100.0
Total 300 100.0

Source: Researcher 2021
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7.11 Discussion on challenges /limitations of adjusting to climate variations

In Nyandarua County, majority of the issues that limited the target participant group in adapting
to negative effects of climate variation were linked to poverty. Many small-scale holder farmers
were unable to obtain the essential tools and technologies to adapt to crop farming effects of
climate change variations due to in availability of funds. Most African farmers, according to
FAO (2007), are resource-poor. They can't afford to invest in costly adaptation measures like
irrigation and greenhouse technology to cushion themselves to the effects climate variability and
keep their livelihoods afloat amid harsh climatic extremes like drought, which often leads to
hunger.

Adapting to climate change shocks and variability is expensive (Mendelson, 2006). The absence
of financial resources is a huge stumbling block. This is a common feature of small scale farming
in Sub-Saharan African environment, where the majority of farmers dwelling in rural regions are
poor and have limited purchasing authority. Farmers respond to climatic unpredictability by
acquiring required infrastructure such as irrigation, seed types and hybrids, and weather
forecasting technologies, which is highly challenging due to their inadequate resource
endowment. Because fertilizers are no longer subsidized by the government in most countries,
their high prices hinder small scale farmers' ability to adapt. It's also worth noting that the
government's financial limits preclude itself from taking a more proactive responsibility in
adapting. National and County agencies frequently lack adequate resources to fulfil their
responsibilities, which forces them to prioritize alternative poverty-reduction efforts above to
improve climate adaptation. Other impediments to government adaptation help include

inefficient administration and a lack of accountability among some government entities.
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Furthermore, small scale agriculture, the economy's backbone, has been socially and politically
neglected. Richer homes in subsistence farming groups are better equipped which improves their
ability to promptly mitigate climate risks; this is according to Adger et al., (2007) and Ziervogel
et al., (2006). Land scarcity has been linked to increasing population pressure, which forces
farmers to farm intensively on tiny pieces of land. This explains farmers' perceptions of climate
variable adaptation restrictions that are consistent with Onyenechere's research (2010).
Furthermore, most of the small-scale and land holders’ farmers in Africa have a traditional set-up
of user rights to farmlands preferred to holding title deeds, where the custodian has the right and
authority to revoke.

One of the main restrictions cited by small scale farmers preventing adaptation to climate
unpredictability is lack of agricultural labour. Some opt for reducing their farmland in response
to labour requirements, which limits the volume of cultivated areas. Others lack the energy to
cultivate additional land areas or plots. This is owing to sicknesses and diseases that have limited
the farmers' ability to work, with some of them being too weak due to old age and bad health.
This limits their production to just a few hours daily. The significant migration of young and
active youth to metropolitan regions in search of jobs as a means of income diversification has
also contributed to the labour shortage. Some soil and water conservation adaptation measures
(including composting, crop rotation, and mulching), are being hampered by labour shortages.
These technologies allow farmers to better adjust to climate unpredictability while also
increasing agricultural yields because they are simple and inexpensive to implement (Niggli,
2009). Other barriers to adaptation include a lack of coping skills from the target group, lack of
awareness of pertinent issues, and lack of adequate information. There is a high probability of

familiarity with rudimentary traditional strategies by farmers to deal with climatic
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unpredictability. However, the group remains largely unaware of innovative and alternative
strategies because of the inaccessibility of training, education, and extension services. The same
barriers contribute to high rates of possible resistance and hesitancy of transitioning from the
inherited tactics to implementing new strategies (Mougou et al., 2007). Most prediction
information is inadequately communicated and supplied for a limited period of time to reach
small scale farmers which inhibits their capacity to grasp such opportunities. Maddison (2006)
had also mentioned a paucity of information on weather and adaptation strategies as a hindrance
to effective application of counter reactive measures. According to Mark et al. (2008), resource
restrictions contribute to a lack of adaptive capacity, which could heighten the severity of food
insecurity. Moreover, according to Benhin (2006), the degree of knowledge of farmers and
accessibility to extension services are influential elements for projecting the speed at which the

farmers implement climate adaptation tactics.
7.12 Conclusion

This chapter established that adaptation strategies applied in Nyandarua County to improve crop
output amid the climate variability extremes were effective. This is because the five-year and
second-year moving averages of maize and Irish potato crops, respectively, showed an increasing
output trend from 2009 to 2019. The chapter presented an improved model of assessing the
efficacy of adaptation strategies called the Empirical Crop Output Model. The Empirical crop
output model estimates the crop output relationship based on the empirical time series of certain
climatic variables using a panel data set of spatial and temporal locations. However, the model
faced significant challenges in testing the hypothesis that small-scale farmers' adaptation
strategies and techniques to the negative effects and shocks of climate variability had not

significantly increased maize and Irish potato output. One of the most significant limitations of
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this model is that it lacked the empirical evidence to relate the associations amongst the two
independent variables, i.e. increase in crop output and the adaptation strategies employed. A
comparison of the empirical results of the two crops' output suggests that the adaptation
strategies may have worked better in Irish potatoes than in maize crops. This is because the trend
line in Irish potatoes was much stronger than maize output. In addition, the variation in Irish
potatoes output was better illustrated in two years moving average, unlike maize output that was
illustrated using five-year moving average. Because of the above limitations of the improved
crop output model, a multinomial regression analytical model was adopted to test the null
hypothesis of this chapter. The research relied on the multinomial logistic regression to evaluate
the association between the categorical dependent variable of whether the adaptation strategy
applied was effective or not, given a set of independent variables which may also have been
categorical. The independent variable, in this case, was whether the adaptation strategies were
very effective, effective or not effective. Based on the outcomes of the multinomial regression
analysis, it was found that adopting crop diversification and applying new crop varieties as an
adaptation strategy effectively increased crop output. However, adjusting planting dates and
income diversification as some of the adaptations measure were less effective in improving crop
yields. Perception of the efficacy of the adaptation strategy was also considered as among the
determinants for adopting an adaptation strategy. In this case, it was significant in explaining the
farmers' adoption of the key crop related adaptation strategies. These findings were supported by
crucial informant reviews about the topic of the research study. Among the limitations of
adaptations that were identified; lack of resources/finances, low income and limited
awareness/information/relevant skills were the major hindrances to the application of suitable

adaptation strategies.
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In conclusion the associated null hypothesis was tested in two levels, i.e., the adjustment
strategies by the target participants to climate variability (crop diversification and new crop
variety) had not significantly increased maize, and Irish potato output was rejected. On the other
hand, these strategies (adjusting planting dates and income diversification) had not significantly

increased maize, and Irish potato output failed to be rejected.
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CHAPTER EIGHT

SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

8.1 Introduction;

The chapter presents a summary of significant findings from the study constructed from the
findings of the research questions and objectives. Well, ahead, the chapter presents conclusions
from the results and gives recommendations to policymakers and researchers. Finally, the

researcher presents some suggested areas for further studies.

8.2 Summary of findings relating to the first objective (Chapter Five)

The study assessed and analysed the impact of rainfall and temperature variability on crop output
for 21 years from 1999 to 2019, focusing on two food crops: maize and Irish potatoes. These
crops were critical dominant in the county, with their yields and output affecting food security
and livelihoods. The results showed that annual mean rainfall from 1999 to 2006 was increasing,
but for 15 years, the annual rainfall varied significantly, with the highest fluctuations occurring
between 2007 and 2013. Temperature changes were also significant, with the lowest annual
minimum temperature recorded in 2004 and the highest annual average maximum temperature in
2000. Respondents reported that 83% of small-scale farmers had observed some changes in
temperature variations over the last few years preceding the research study when it was
conducted, while 70% reported that temperature had increased. The study found that rainfall
variability significantly influenced the variation in maize output, with strong positive
relationships between the specific two variables. However, rainfall variability had less influenced
the variation in output of Irish potatoes, with a weak positive significant association between

them.
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Temperature variability also impacted crop output, with a weak negative significant association
between minimum and maximum temperature variability and maize output. A significant rise in
maximum temperature resulted in a reduction of maize output, while a slight rise in minimum
temperature resulted in a slight decrease in Irish potato output.

The study analyzed the variation in maize output and Irish potato output due to climate
variability using regression analysis technique. The results showed that rainfall variability
resulted in 47.18% variation in maize output, while mean annual rainfall and temperature
variation resulted in 8.75% and 5.9% variation respectively. The regression analysis also
revealed that 53% of maize output variation and 14% of Irish potato output variation were due to
both rainfall and temperature climatic factors. The study found that many small-scale farmers
were conscious and alert of the changing climatic conditions, with 59.3% reporting deforestation
and 27.7% believing burning fossil fuels significantly contributed to climate variability.

This trend was also observed in other African countries, where farmers believed that rainfall
intensity had fallen and temperatures had increased. The study suggests that climate-related

factors are contributing to the decline of crop output and food insecurity.

8.3 Summary of findings based on the second objective (Chapter Six)

The study assessed the influence of socio economic factors and adaptation strategies used by
small-scale farmers in Nyandarua County to adapt to climate variability. The majority of the
household respondents were aged above 36 years, with 63.67% being male and 36.33% female.
Most respondents were married, and farming was the primary source of earnings within the
many small-holder farmers in the county. In terms of adaptation strategies, 72% of respondents
mentioned they could have responded to climate variability in specific ways, while 27% reported

not. Crops diversification (21.21%), planting of new crop variety (20.28%), and adjusting of
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planting dates (13.75%) were the most popular types of adaptation tactics adopted by many small
scale farmers.

The study found that respondent's age negatively influenced small scale farmers' choice of crop
diversification as an adaptation technique to climate variability. The gender of the head of the
household in the sampling positively influenced the adoption of crop diversification, while the
level of income had a favourable and noteworthy impact on adapting to crop diversification.
Adaptation to climate variability through planting new crop varieties was positively influenced
by respondent's age, while the size and proportion of land under cultivation negatively
influenced the adoption of this adaptation strategy. Women were mainly affected by reduced
crop Yyields, and the land size of crop cultivation negatively influenced farmers' choice of shifting
crop planting dates. Income diversification was not a popular adaptation method among both
genders, with household head education significantly positively associated with the variety of
income sources. The increased number of children led to fewer family members participating in
agricultural production possibly due to migration to urban areas for better employment

opportunities.

8.4 Summary of findings based on the third objective (Chapter seven)

Chapter seven sought to evaluate the effectiveness of adaptation strategies and techniques used
by small-scale farmers to adapt and adjust to shocks of climate variability in crop farming. An
empirical crop output model was developed and applied to estimate the relationships between
crop output and climatic variables. The results showed that adaptation strategies applied within
21 years effectively maintained and improved maize crop yield. Similarly, Irish potato output
showed a significant increase in output over the same period. However, the model could not

single out the most effective adaptation strategies. A more complex multinomial logistic
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regression statistical tool was applied to establish their relationship with farmers' perception of
their effectiveness in improving crop output. The results showed that adopting crop
diversification and applying new crop varieties effectively increased crop output. However,

adjusting planting dates and income diversification were less effective.

8.5 Conclusion based on the study findings;

The study recognised that annual mean rainfall variability in Nyandarua County was highly
unpredictable, affecting crop output. Small-scale farmers in the county adopted three common
adaptation strategies: crop diversification, planting fast-maturing or drought-resistant crop
varieties, and adjusting planting dates. These strategies were related to crop farming, which was
the main economic activity among the residents. Other adaptation strategies, such as crop
irrigation, income diversification, greenhouse farming technology, crop insurance, application of
fertilizers and herbicides, increasing land under cultivation, and switching to livestock keeping
and organic farming, were not sustainable. The size and proportion of land under cultivation,
level of income, and education influenced the adoption of new crop varieties that can cope with
varying climatic changes. Gender played a more significant role in coping with climate
variability, with women being mainly affected by reduced crop yields. Men were considered to
play a more significant role due to their decision-making and asset ownership at the community
and household levels.

The research study concluded that adaptation strategies applied in Nyandarua County to improve
crop output amid climate variability extremes were effective, with the high response to the
effectiveness of the adaptations matching the rising trend in Irish potatoes output between 2009

and 2019.
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8.6 Recommendations to policymakers, government and other stakeholders

Policymakers and stakeholders must develop sustainable adaptation strategies based on regional
climate variability scenarios and three critical aspects: community socio-economic
predispositions, government integration, and spatial ecosystem environments. Technical
stakeholders like agricultural extension and frontline officers and climate smart agricultural
officers, should implement these strategies considering small scale farmers' specific demographic
and socio-economic susceptibilities.

Nyandarua County farmers face challenges due to reliance on rainfall for crop farming, which
hinders effective adaptation to climate variability. To address this, policymakers and researchers
should develop new crops and hybrids that can withstand varying climatic conditions, with early
warning systems from the Kenya Department of Meteorology (KMD) and agricultural extension
officers guiding farmers on proper cultivation, sowing, mulching, and harvesting schedules.
Policies should support appropriate adaptation planning by monitoring climate trends and
recognizing early warning systems. Continuous awareness should be provided to integrate small
scale farmers' indigenous perceptions with scientific meteorological data for better planning.
Irrigation systems should be improved to supplement rain-fed agriculture, ensuring proper water
management and water harvesting. Government institutions should integrate adaptations into
their central policy apparatus, implementing comprehensive social protection programs and
capacity building workshops for agricultural extension workers and small scale farmers. Micro-
financial institutions should be established to increase income production, job creation, and

enterprise growth for low-income earners.
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8.7 Recommendations for further studies and research

The study results in Nyandarua County reveal significant challenges in addressing climate
variability. The findings suggest that further research is required to understand the interrelation
between climatic and agricultural factors, as well as the costs of adaptation measures for
smallholder farmers. The findings also highlight the need for further research to assess the
impact of other agronomic factors on crop output, thereby guiding policymakers in formulating

effective and sustainable adaptation strategies.
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AFPENDIX 1. Questionnaire on chimate variability and erop farming: Anakysis of
adaptation strategies among small scale farmers in Nvandarua County of Kenya
Intreductory Letter for Rezearch Questonnaire

Diear Participant,

I am cumrently collecting data for ooy PhD thesis in Environmental Planming snd Managemens
at the University of Mairobi under the topic of Climate Variability and Crop Farming;
Analyds pf Adaptation Strategies among Small Scale Farmers in Nyandarna County of
Kenya

Climste vartability i evident and itz mpact on crop farming adds significantly to the
challenge of reduced crop yields. The reduced crop yield is likely fo affiect fpod secunty and
livelihopds of small scale farmers in Myandamas Coonty. The information provided by you
will coniribute o the better understanding of the impacis of climatic vanability on crop owtput
and analyse some optons for adaptstion. The resulis will promote planned adaptztion
stratepies and sustainable crop farming in onder to enhance food secorty and improve
livelihopds of small scale farmmers, The researcher will uphold wtmost integrity and ethics by
ensuring that the data collected is absolutely for academic purpose and i= treated with smict
confidentiality.

Partcipation in this smdy is voluntary. If vou have any gquery about this research, kindly
contact the chaimman & Lead Supervisor whose details are given below:

The Chaimman,

Dieparmnent of Geography and Environmental Stadies
University of Mairobi

Email: wambua_boniface/duonbi.ac ke

REesearcher's details

KName: Muriithi Dravid Tkus

Email: davidnmorth {5 vahoo. com
Mobile: 0723 871 7450734 704 T4E

Guidelimes: Kindly answer all the questions by ticking vour correct response and/ or
writing in the space(s) provided

Cuestionnaire Mumber: Date of sdminisraton;

" — — —

Sub-County name;

Name of infervieweeTespondent: {Optional)
Mobile: Email Addr Ocoupation:,

Thank you very much for answering this guestonnaire,
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1. General Information

L1Gender,, ..o oM [1 F[1
LIMantal Status; | ed [ M

1.3 Aze bracket in ¥Is.. .. =23 [ 126-35[ 13645 [ 146-55[ ]
Over 53 ]

1.4 5ize of Household: | .. 140138015120 ]=130]

1.5 Level of education: .................... P1mary [ ] Secondary [ ] College [ ]
Untversity [ ]

1. Socio-economic characteriztics of respondents

2.1 What 1z your major source of Income?
Famung [ ] Livestock keeping [ ] Formal employment [ ] Busmess [ ] Casual
Labourer [ ] others [ ] Please specifir; ... ..o

2 2 Indicate your approximate tofal monthly income bracket m Kshs.

=10,000 [ 710,001-20,000 [ ]20,001-30,000[ ] 30,001-50,000[ ]=30,001[

1
2 3 Do you have enough food for your honsehold omrentiy?

Yes[ ] Neol ]

2 4 How would vou rate the quantity of food mn vowr bousehold?

Very Suffictent [ ] Sufficient [ ] LiftleTnadequate Tnsufficient [ ]
2.5 Who are mamly affected by reduced erop yields?

Women[ ] Men[ ]

2.6 Grve the reason for your answer above L ——

3. State of kmowledge on Climate variability by small zcale farmers,
3.1 Have you noficed any changes m ramnfall over the last recent vears?
Yoz [] Nol]
3.2 How has the ammual ramfall amount changed?
Decreased [ ] Stayed the same (Mo change) [ ] increased [ ]

3.3 Have you noticed any changes m temperature over the last recent vears?
Yes [] Neol]
3.4 How has the annuzl temsperature intensity changed?
Dacreased [ ] Stayed the same (Mo change) [ ] increased [ ]
3.5 How have the following clhimate melated factors changed in the last recent vears
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2} Start of onset of rammfzll

Earlier than expected [ ] timely [ ] delayed [ ]

b} Length of srowing penods for major crops;
Longer [ ] Staved in the same [ ] Shorter [ ]
¢} Pests and diseases
Feduced [ ] Stayed in the same [ ] increased [ ]

3.4 Use the followng scale to mdicate the level o which you agres wath the following

statements.
1-5trongly Disagree (S} 2-Disagree (DY) 3-Not Sure (17} 4-Agree (A} 5 Stongly

Agree (3A)

S'mo. | Statement S| DU [A|5A
a) | Temperahure during the night have inrreased i the recent years
b) | lemperanire dunng the MENT have decreased 0 the TeCent years
¢} | Temperature during the night et changed in the recent years

3.5 What do vou think are the canses of climate vanability?
a) Burning fossil fuels e g coal, oil, gas, petrol. plasties | _..........[]
b} Deforestation 1.e. cuffing dowm frees I
d) Wil of God, ...t L]
e} Others (Fleasespeetfyl e,

3.6 Use the followmg scale to mdicate the lewvel to which vou agres wath the following

statements.
1-Strongly Disagres (5D) 2-Dhsagree (D 3-Mot Sure () 4-Asree (A) 5 Stongly
Agree (S4)

S'no.

Statement

sy

SA

a}

Flainfall has become very unreliable and difficult to predict

)

Crops yields are higher now because of vanations in climare

c)

Wew Crop varieties are more resisiant to variations in climate

d)

I p==d o 2ot more climates and weather informarion apdates

el

The government is giving 15 mformation about climate vanabilsty and

how o cope with &

f)

More research is needed oo climare vanability and how to adapt i

4. State of Enowledze on crop productivity and cutput by zmall zcale farmers
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4.1 Whech crops do vou mamby cultivate (Multiple answers accepted)

Maize [ ] Wheat [ ] Beans [ ] Cabbages [ ] Insh potatoes [ ] Kales & Spinmach [ ]
42 What factors have influenced yowr decision to plant these crops? (Multiple
answers accepted).

bl Lmdwmm.»hlp
c) A.b:htvtnre.ﬂstto{:hma‘be'.anab
d) I-.-Inke‘ta‘..aﬂab]hn"
e} Soul condihoms;,
fi Cultmal vahes;
g) Others (specify)

Ianlan e e Nenton]
e et e et e i

3 Dﬁumﬁgsmuwmmumﬂhpaﬂluﬁmﬁ
Increazed [ ] Decreased[ ] Mo change|[ ]

4.4 If your response above 15 decreased, what would you consider as the major canse
for the changes 1n crop producton in vour farm?
a) Chmate related faotars
b} Poor fammmg methods | .
c) Lmddeaadaunnandmll E:\:ha.ustlun .
d) Increased Pests and diseases
e} High cost of mnputs andpmra.ccmamm'edn faﬁ‘.’l]l‘l:l.ﬂ
f) Others specify;

[E—y—

[ L K L N |

5. State of kmowledze on adaptation measures
5.1 Hawe vou responded m any way to clmate vanabilitv? Yes[ ] Nol[ ]
5.2 If ves, whoch coping strateges have vou apphed?

a) Crops diversification'mixed cropping’ A groforesiory, |,
b)) Imcome diversi e amom
)} Use of crop imigaton
d) Crop imsurance
e) Drought Tesistant cmps -:hallge of :rup 'l.'anen Fast mamrmg mn.en
f) Adjusing planfng dates, || ... e
) Green house technology |
h) Oiher adspiations re:hmqu.e ;peuf_'.-

[ -

5.3 How effective have the adaptahon stratemes above mnproved vour crop output?
Jerv effective [ ] Effective [ ]MNoteffectve| ]

Grrve the reason for your ansmer ABOVE . L uinn ;e sttt s
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54 In your opmion, which gender plays a gweater role In coping with climate
variabality?
Men [ ] OIS [ 1 both [ ]

Grve reason for your answer above |||
5.5 Whech challenges have prew_rnted you from n:-:lpung ‘el to elimate 1..1na]:l:|.'|.1hr'I

{(Multple responses accepted)

a) Lack of resources/financial constraint/low income,

b) Limited awareness/lack of informatgon/lack of re]e'L a.'u.t
c) 5Shortage of labour "
dy Lack of access to cradit’ farm 1I:I.p-1.lt’5-

&) 5Shortage of water for imigaton, ...
f) Lack of ready market for fanm produ.l:el
2} Flucmations of market prices for t'armpmdm:e
by Lack of adequate land
i) Lack of government supporvinadequate policies.
1} Other constraints; specify;

6. Size'ovmerzhip of land and cr-:lp pruducunn

6.1 How long have vou lived m the study area?
I-5ys[ ]6—1lw=s[ J11—15ws[ ]abowe léyrs[ ]
6.2 Do vou legally own land m the study area?
Yes[ JNO[ ]
6.3 How big 1= your land under cultivation in acres?
=2ames [ ]2-5acres[ ]5-10acres[ ]=10acres[ ]
6.4 vnder what terms are vou using 1?7
Privately Owned [ ] Comrmanzl ownership: [ ] rented; [ ] Leased; [ ] others, specify

kel el be bl
[ T ey -

6.5 Indicate the type of agniculhwe practiced:
Famfed[ ] Imgation [ Jboth[ ]
6.6 Indicate the tvpe of fammng practiced:
Crop Farmuing [ ] Pasteral Famung [ ] MNomadic pastorabismm [ ] Agro foreshy [
] Mixed farming (Agro pastoral fammg) [ ] others, please speafy- ...

6.7 Has the size of land under cultivation reduced over the last recent years?

Yes[ ] Hol ]
6.8 If ves 1n aborve what mught be the reason?
Commerted to Investock keeping [ ] Divaded to small preces due population mereass [
] Converted to plots for sale [ ] Abandoned due to low agnicultural productivaty [ ]
others, please specifyy . ...
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APPENDIX 2: Key Informant Interview

Areas of

L T = o
PART A: ASSESSMENT OF CLIMATE VARTABITITY

1. Has there been any observed change m climate in Wyandarua?
Emdly desenibe the ramfall patterns in thes area sinee 1999 .
Emdly desenbe the temperature vanatons in this area sinee 1999 .
Iz there any ongomng governemnt intervention towards climate vamabiliny?. ...
What intervertions has the povermment made m relation to climate change?. .

B g

LA
h

PART B: CLIMATE VARTABITITY AND CROF FARMING
6. Using a scale of 1-5, rate the following factors which have influenced crop farming in
Myandama

Simo. Factor 1 2 3 4 5

a) Water availability

[1)] Land owmership

c) Ability to resist to climate varability
dj Market availability
&) Soil conditions

Culnural valoes

)
7. Inthe table below rank the following factors from mmmber 1-6 m what you would
consider as the major cause for the changes in crop produchon in Myandarma

County.
S/mo. Factor Rank
a) Climate related factors
L1} Poor farmins methods
c} Land degradation and soil exhauston
dj Increased Pests and diseases
&) High cost of inputs and poor access to credit facilites
£ Cultural values

8. Marze production was highest between 2010 and 2013 1 Nyvandars County.

S Inish potatoes production has been on a steady nise from 1999 to 2019, What could

10. Secondary data has shown that the vanation of maize cutput between 1999 and
2019 15 very kigh compared to the Inish potatoes. What could be the reaszon?

PART C: ADAPTATION MEASURES

11. What kand of adaptation stratezies have been done in Myandarua county?. .
12 What policies are there to gunde farmers of proper methods of adaptations7.......
13. Clas=zfy the following methods of adaptations as either modern or traditonal?. ...
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14 What challenges are faced by the small scale farmers in Myvandaruz county i

relation to climate vanabihity adaptation?. ...
15. The following table contains a mumber of potents

indicate by use (%) which of these are planned or autonomous.

al adaptation measures. Please

S/mo. | Factor

Planmed

Agtonomons

@) | Crops diversification

It} | Income diversification

c}| change of cTop vanety

d)| Adjusting planting dates

2] | Greenhouse technolozy

Crop insurance

i
1&. Please indicate in the table below what your opimon 15 on the avalabelity of

informnation and tools for different climate related aspects and adaptaton measures

Adaptation Aeazure

Immphimented

Planned

Necessary but | Not relevant
not planned

DOecessary

Improving forecashng and
mformation

Improving insurance
schemes agaimst food
damaze

Increasmg water supply

Pronnsion of financial and to
assist farmers in adaptation

Avwareness ralsing or
mformation campaigns

17. Using a scale of 1-3, give weight to the following adaptation sirategies as applied in

WNyandama C ooty

Simn. Factor 1 2 3 4 5
g Crops diversification
) Income diversification
i} change of crop vanety

i) Adjusting planting dates

k) Greenhouse technology

] Crop insurance

Orther adaptations technigue; specify. ..

Eate the following adaptation strategies in terms of their effectives: Very effactive,

Effective, Not effective

S5/mo. | Factor

Very
effective

Effective

Mot
effective

@) | Crops diversification

)| Income diversification

c}| change of crop vanety

d)| Adjusting planung dates

&) | Greenhouse technolosy

f) | Crop insurance
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PART Ir: CONSTRAINTS OF ADAPTATIONS
20. Using a scale of 1-5, rate the followng challenges which may have prevented small
scale farmers from coping well to climate vanabilicy?

S5/mo. | Factor 1 1 3 4 5

a) Lack of resources/financial constramtlow income

b) Limited sawareness/lack of informationlack of
relevant skills

cl Shortage of human labour

d) Lack of access to credit'expensive farm mpuats

2l Shortage of water for irmigation

£) Lack of ready market for farm produce

£l Flncmations of market prices for farm produce

k) Lack/shortage of adeguate land for cultvation

i) Lack of government support/inadequate policies

PART E: GENERAL INFORMATION
21. Apart from crop farmwng, what other buman‘economic activities are affected by
Fadiitai b L o PSP

22, How has access to information about chimate vaniability influenced small scale

farmer’s a.v:.a:-lztnn ;d:l.zteme*

23 In vouwr own opimeon, how do hushands and wrves in a housshold differ in levels
of knowledgze about chmate vanability and the coping mechamismsT ...

24 Is there a section of MNvandama that can be classified as semu-and area? ...
25 If yes, name 1t and explaim whorT e

26, Why did the increzse in mean annual rainfall between 2017 and 2019 not
Jlgmﬁca::ﬂ'l.r merease m Insh Potatoses?
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APPENDIX 4 SPS5 OUTPUT ANALYSIS
REGRESSION ANALYSIS FOR RAINFALL VARIABITITY

Model Summary
Adinsed B Sed. Emar of the
Model E . Square Siquare Estimate
1 34 117 a7 1847500
. Predictors: (Constant), Year
ANOVA®
Model Sum of Squares Of Mean Square F Sz
1 F.egresszion B57.135 1 B57.135 23511 13k
Flesidual 5485.185 19 31326
Tatal 7342320 20
2. Diependent Variahle: Anmal Averagze Fainfall in mm
b. Predictors: (Constant), Year
Coefficients"
Standardized
Unstandardized Cosfficients Cip=fficients
odal B Std. Exrar Bata T Sz
1 (Comstant) -}032.725 1337.5384 -1.520 145
Year 1.055 ﬁﬁél 342 l 1.385 130

2. Diependent Variahle: Anral Average Fainfall in mm

REGRESSION ANALYSIS FOR ANNUAL AVERAGE MINDMUM TEMFERATURE IN °C

Model Snmmary
Adjasted B Std. Emror of the
Mndal B F. Square Square Estimate
1 408 248 208 108250
a. Predictors: (Constant), Vear
ANOVA®

Mndal Sum of Squarss Df Mvizan Squars F S
1 Fagression T34 1 7344 §.256 nm

Flesidial 12 358 19 1172

Total 10512 0

2. Diependent Variahle: Anmal Averaze Mininmm Temperatare m 0o
b, Predictors: (Constant), Year
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Coefficients*

Standardized
Unstandardized Coefficients Cpefficients
Mozl B 5td. Exmor Beta T SiE
1 [Constant) 24723 TRITC 2612 o017
Year - (8 e -403 | -2.503 A

2. Dependent Variable: Anral Averaze Mininmm Temperatore m 0o

REGRESSION ANATYSIS FOR ANNUAL AVERAGE MAXTAMUM TEMFERATURE IN “C

Model Sommary
Adjns=d B 5td. Emor of the
el B E. Square Square Eztimate
1 37 138 0oz 38l
a. Predictors: (Constand), YVear
ANDVA®
Mozl Sum of Squarss Df Mzan Square F SiE
1 Femression 5.003 1 3003 3030 Dage
Besidual 18.841 19 a2
Total 11836 I 20 I l I
2. Dependent Variable: Anral Average Maximum Terperure in Jc
b. Predaciors: (Constant), Year
Coefficients*
Standardized
Unstandardized Coefficients Coafficionts
Mzl B 5td. Emor Befa T SiE
1 (Constant) 147.712 T10G 4e M55
Year -2 036 -371 -1.741 AR

2. Dependent Variable: Anral Average Maximum Terperure in Jc
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APPENDIX &,

FUNCTION OF EAINFALT AND TEMFERATURE VARTABRILITY

SINMARY OUTPUT

MULTIFLE EEGEESSION ANAIYSIS FOR MATFE OUTPUT AS A

Resression Sharistics

Mnltiple B 0.7524455

B Square 0.581353

Adsted B

Square 0.058044

Standard Emar - 0.792444

Cservations 10

ANOVA

Sigmificanc
Iy 55 M5 F eF

08876 1110917

Fagression ] 3488118 M4 a17 0272504
0.4270

Pasidual 4 1511882 T

Toal o f

Cogificie  Stmdard Unpar Lonear Upper
Rl Error t Simt Poaive  Lower 855 25% 250 i

ITHE 030665 B.o3000

Imtercept 2.548812 1260275 ] 341 -3.632245 T 363225 B.O20007
13200 02572 1.05870

X Variable 1 0.341185 025843 19 340 -0.37433 i -03743% 1058703

X Variable 2 ] 0 53535 &NUMD i ] i ]
1.2002 147820

X Variable 3 -1.14041 0843259 3 ENUM -3.75852 1 375952 1478102
0.1587  0.881532 0.80486

X Variable 4 04354 0274200 35 543 0717 T 47T 0EMEE6T
04782 0.657450 114810

X Variahle 5 023011 0.3 3 &7 -1.62734 & -lA2734 L1401le
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APPENDIN 6. MULTIFLE REGRESSION ANALYSIS FOR MAIZE OUTFUT AS A

FUNCTION OF BEAINFALL AND TEMPERATURE VARTABILITY

SUNMDLARY OUTPUT
Resvecsion Stanismics
0310097
Mulriple B 3
0.09470
E. Square 4
Adpted B 004004
Saquare 5
Standard 1.09544
Emor 2
Ofgservation
5 g7
ANOVA
Sevfica
gf 55 M5 F nee F
208l 1.7
Fegression 5 1040626 252 324 0135004
1.200
Fesidual g1 972024 034
Total g6 107.6002
Cogifici  Stemdard P Lower Lpper  Lowar Linper
anis Error 15t value 25% P9 PE0% 2509
094587 1363 0176 23250
Intercept ] 0.6936 72 434 043407 23 043417 2325013
0.18062 1005 (.48 0.3507
X Variable 1 6 0090524 334 368 0.000511 41 Q000511 0360741
0.19464 0798 0426 0.6845
X Variable 2 3 0248247 562 88 -0.28331 a7 029331 0.626587
0.10237 0434 0.665 05714
X Variable 3 5 0235TH 283 237 -D35666 11 036666 0571411
- 0513 0.608 0.1582
M Variable 4 005508  0.10723% ] 89 0246845 83 026845 0138283
0.324623 2306 0.01B 0.5971
X Variable 5 4 0134148 147 873  0.055330 28 0.055339 0597128
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APPENDIX 7.

MULTINOMIAT. REGRESSION ANALYSIS FOR

FACTORS AND THE SELECTED KEY ADAPTATION STRATEGIES

Table 1: Factors influencing small scale farmers” adaptation to crops diversification im

Nyandarua County

SOCTO-ECONOMAIC

) Sl | Wald | Siz | Exp(®) | 95% Confidence
Ermor Interval for
Independent variables Exp({H)
Lower | Tpper
Bomd | Bomnd
Insercept -1556 | @56 | 2451 | 103
Age of the respandent -012 14 | 01z | =14 | 933 739 1236
Gender of the respondent 155 m4 | 319 | 572 | 1167 | 682 | 1897
Level of education 108 152 | s02 | 470 | 114 | w6 | 150
Monthly income in Esh 067 17 | 30z | s83 | roso | a2 338
Crwnership of land under -185 am | 27 | oo | 831 659 | 1033
cultivation
Changes in crop yields -118 275 | 18s | e68 | 389 519 | 1523
Effecuveness of the adsptation. | 349 142 | 710 | o0 | 1450 | 1105 | 1027
strategy

Table 2: Factor: influencing small scale farmers” adaptation

Nyandarua Connty

to mew resistant crop variety in

Independent variables E S | Wald | Sig | Exp(®) | 95% Confidence
Emor Imterval for
Exp(E)
Lower | Upper
Bownd | Boud
Tntercept 2012 | o1 | 518 | 033
fige of the Tespondent 003 116 | .om o78 | 1003 | e 1.260
Gender of the raspondent 038 281 | e 822 | 1030 509 1.801
Level of educazion 165 153 165 180 | 1.1%0 574 1503
Monthly income in Feh 158 12z | 4433 035 | 1294 1018 | 1.645
Ovmership  of lmd  under | g 106 | om0 781 | 872 791 1.106
cultivation
Changes in crop yields -373 273 | Lo | 316 | 761 EET 1208
Effeciveness of the adaptagon | g5 151 200 | ool | nase | 1233 | 2232
SIIB'.EE'}'
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Table 3: Factors influencing small scale farmers” adaptation to adjusting planting dates in
Nyandarua Coonty

B s | Wad | Siz | Exp(®) | 95% Confidence
Error Interval for
Independent variables Exp(H)
Lower | Uppear
Bomd | Bowmnd
Inescep: 5482 | 1203 | 17973 | o0
Age ofthe respondent 466 151 | o407 002 | 15084 L1385 | 2044
Gender of the respondent - 061 332 | 034 855 | 941 491 | 1803
Level of education 329 181 | 3.207 060 | 1300 074 1083
Montaly mncome in Kb - 141 153 | 841 350 | 848 43 1173
Ovmership of land under | .. 118 | 11896 | 001 | 1504 | 1193 | 1306
cultivation
Changes in crop yields - 208 32 | 4m 517 | 812 432 1525
Effectiveness of the adaptation | gq 207 | 18530 | o000 | 2430 | 1425 | 3450
smakEgy

Table 4: Factors influencing small scale farmer:’ adaptaton to ose of crop Drigation in
Nyandarua Coonty

Independent variables B Std | wald | Siz | Ep®) | 95% ConSdence
Emmor Imferval for
Exp{B)
Lower | Upper
Bomd | Bommd
Intercept 2238 | 1114 | 4034 | o045
sge of the respondent 216 135 | zse1 | q08 | 1242 054 1.617
Gender of the respondent 266 3 | 6 | 410 | 768 w07 | 1443
Level of educatdon 115 173 | 4w | s 1122 | @00 1574
oty income in Fsh 114 138 | sm | 413 | 110 853 1471
Ovmesship  of land  under | 549 13 125 | 724 | 108 | ms 313
cultivation
Changes in crop yields -321 2 0se | 304 | 726 394 1337
Effectiveness of the adaptation | agg 64 | 2681 | 202 | 1307 | 040 1.802
siratezy
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Table 5: Factors influencing small scale farmers’ adaptation to application of greenhounse

farming technology in Nvandarna County

Independent variable: B Std Wald | Siz Exp(B) | 95% Confdence
Emor Imterval for
Exp{B)
Lower | Upper
Bowmd | Bomd
Lnescep: 3212 | 1502 | 4571 | 033
Age of the respondent -153 184 | 698 | 404 | 85z 508 1129
Gender of the respondent - 467 o6 | am 356 | 627 732 1.601
Level of educaton (180 M7 | 106 745 | 1084 | 648 1.750
Monthly incoms in Ezh 572 wl | soeo0 [ o4 | 1M 194 | 2626
Ovmership  of land  under | o, 158 | 1399 | 237 | 1205 | 885 1.641
cultivation
Changes in crop yields 104 413 | 057 811 | 1110 | 474 1585
Effactiveness of the adaptation | _ 143 230 | 502 | 479 | 850 541 1333
sTategy
Table 6 Factors influencing small scale farmers’ adaptation o nie Income diversification in
MNyandarua County
Independent variables B Srd Wald Siz Exp(B) | 95% Confdence
Emor Imterval for
Exp{B)
Lower | Upper
Bowmd | Bomd
Inescep: 5128 | 1934 | 17662 | 000
Age of the respandent 445 1 | 4068 D44 560 1013 | 2404
Gender of the raspondent 167 | 405 [ 3 | 736 | 846 | 320 [ 2239
Level of education 401 48 | 38 048 | 1634 1005 | 2656
Mooty income in Fsh. 017 w08 | 007 934 | 1017 | 677 1528
Ovwmership of land under [ ;)¢ 185 | 389 533 | 1122 | .71 1.611
cultivation
Changes in cop yields 790 g0 | 2832 | o2 | 2203 | me | ss26
Effecuveness of the adaptation | g3 00 | 4415 | 036 | 18380 | 1043 | 3388
sirategy

226




APPENDIY 5. MULTINOMIAL REGRESSION ANATYSIS SPSS OUTFUT TAELES

Parameier Fatimase:

EEEA
ConSdance
Totreal for
St Lowar | Uppar
Iscomediversification’ B | Eoor | Wald | df | Sig | Exx(E]} | Bound | Bowmd
Yoz Extarcopt -E50 | 1693 | 237| 1] 412
Gender_pornby affocted b _meduced cop vislds -1 | &6 307 1) 380 BOL| 368| 1738
msponding o climate vacability -LS00| TEE | 4434 1] 033 Q02| oeE| Ee2
noed_to pet puore climts amd weathar infoomation smdate: 64| 3E| 073 1) TET| Lods 660 1899
causes_fir_decrased_cutput_in_oop_production -000 | JLED| 000 1] 595 Bog .7BB| 1267
Type_of_hind ownerhip by the mespondants Q13| 180 005 1| S44| Lo13| V12| 1442
Respondant™s_wm_of land wndaer |.—_'|:|1.1.'.|m I acTen -018| ZEX| 00&| 1 T L8 36| 13518
Type of frpine practiced by S ey Q63| 1IT| 33F| 1| 3| loT0| B[ 1345
2 The mefornce category i: Mo
Paramecer Esimanes
EER
Confidanca
Evtarval for
St Lowar | Uppear
Cropadiverification’ B | Eor | Wald | Df| Sig | Exp(E) | Boend | Bound
Yes Extercept 3226|1053 | @382 L|.0d02
Gander_povinty affected by meduced crop vislds - 355 | 242] 332 L] .02z ST+ 3®|
msponding to_climato vadabibty ZIEL | A58 | 23070 1| .00 113 45| 275
need to pet pvore climode and weathar infoomation wpdates | -143 | 136 1.083| 1| 286 7 &5 | 1133
cuse_fir decwased outpnt_in onop production -072 | 074 B2 1| .332 830 B4 | 1076
Typs_of_bind ooneship by the_mespomderss -17 1B 2264 1132 B37 &53 | 1053
Respondant™s sim of [and wnder clthation i aces -03% | 134 083 1] A& T 1250
Type of faping practiced by the mepondant 1] 07| 2970] 1] 085] 112 253 | 1297
a The refarence categany tx: Mo
Par Esfimaies
27
CenSdance
Enturval for
Std Leraer | Ulppear
Croughtreaisant™ew bisnmrmaoomnagisya B Eoor | Wald | 8f | Sig | ExpiH) | Bound | Boumd
Yes Etarcept 1800|1012 3119 1]|.077
Gender_pornby affocted b meduced cop vislds -430| 37| 3286 1| .080 E50 | A0e| 1033
msponding to_climato vacability -2M0| 484 | 1N031) 1|00 d03 | 0 257
oead to et mwore clicwdes and weather nfromation updates =043 135 02| L].750 G5B T34 | 1239
casen_fior_decreased outpnt_n orop_production B3| ©o72| 032 1|.B3B| 1013 BED| 1165
Type_of_hind ounerhip by the mecponderts o5 10| B 1|.882| 1.005( .EIT| 1241
Fospondant™s sim of bnd wndor coltivation in acos 223|133 LEM| 1| .083| 1.24B| B4 | 1418
Type of frpine practiced by & mespondant 64| omo] B[ 1).384) oGS[ mIe| 1334

a The rference catesgary ia: No.
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5%
Conlidense
Imerval fo
Expl B
| Lavawer | Llpger
Al muﬂllulu e B Ersee | Wald | Sig | ExpiB) | Bound | Bound
Yed [mlerscpt 1209 | LIg | L1es| 29
Ceender mamly alleciad by redusel crop yvislds -2 LT 6Id| 430 13 48T | 135
respondmyg b climale versaboley -1.T30 | 474 | 14.0E2 | 000 his Le a7
neml 0 pal more climals sl weshe information epdeies Lt 161 13&| TIE 11361 T 1.455
cawmes_fisr_decesaend culpet in_crop_prodoction - 1051 086 | 1124|2189 13 ™ 1080
Type_af land hip by _the_respol 65| 13| S4B | 019 | 1303 ) 1084 | 1637
Eepoadents_wies_of bl emder caluvation_in_scnes =275 155 | 3.0013| 083 75 556 | 1.03&
Tupe of fwmng practiced by the respendent Siaa] oms] aian) pes] ssa| 7es| 1024
F E
%
Conliden:
Ll For
Eagi B}
Sid Lairwer | Lippss
L fioninpaiTagason B Esor | Wakl | D0 | Sig | EsglB) | Bownd | Bausal
Yau Ialessepl 940 | 1.230 567 ] 1] .451
(ender_mamly affociad by esdosed_crop yislds Mg M5 18Z7)] 1) 301 1.2E2 ™3| 1074
respondsg W climale varsdaley -1hadd T33| 12536 | 1| .00 o7l o7 301
nsad po gl more chess anl wosther mifoemation epdues | - 091 152 354 1) 352 913 677 | 1231
e Tor decrcasad oulpull in cfp produciesn - 43 a3 26 1| 606 53 ElS| L1ZT
Type_al_lunl swadlap by ths_reipoadsnti {1z 12& Lk 1| E52 1024 B | L3N
Respoadent’i_wmes_of bial wmder_callivalon_in_scies 135 151 7| 1| 389 1145 ESZ| 1533
Type ol [immg practioed bn e sipond I0& | @d| 1737) 1) .188] 1.111 50| 1.300
8 The eelicrenc: calegeery = Mo
Paraider Esliisls
9%
CemiNul e
el T
Exp{E)
Sad Larwar | Lipgeer
L3 I haakygy® B Erfor | Wald | dlN ) Sy | ExpiB} | Boend | Boead
YW Ialessepl -LBER| 1486 | 1353 | 1].213
(ender_mamly alfaciad by sedeced_ciop_yviclds 50 2348 21| 1] 454 1.5 BT | Z4T4
respurlmg b chmse varse s | edn| 4451 | 1 |mEs] mR] m3]  ses
nsad po gl more chess anl wesher mifoemation epdaes | -137] 154 653 | 1] 419 E55 ma] 1181
e (or_decesssal sulpul_in_crop_prodectssa 053 107 =T 1] 348s K] Es | ] 304
Type_al_lunl swmnssdap by _the repoadsnts 131 154 | 1357 1].137 L1549 E7T] 1610
Respremidenl’s e of Ll wder callivalion in achs 177 zos| 45| 1| 3ss| pasa| me| 17ea
Type_of fermang practiced I e seapond 135 amofuses| 1] s ] 1aer| ssn] 144w
i The rcleramse calapory i Ma
3%
Conlaleace
Emnerval dor
Exp{8)
Sed Lawsi | Lipps
g [ r B Ermw | Wald | Sy | Exp{E) | Basesdd | Basesidl
Vi luisrospt -1.349 | 398 | 11.501 | 000
L _al_bouwsheld foo_the_ssapondant =103 174 331 | 554 LI 541 | 1268
Respondent’s sim of lmd unde colvation is mees 13| azr|  eso|.am| 1am #a3 | 1422
Type ol Garming prackeal by the resomnloml 153 oe6 ] s3se]ooze| vaes] 1o24] 1328
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APPENDIX 9: PHD CALENDAR AND WORK PLAN

YEAR 020

ACTIVITY/TIME MlIlT

Limission Regstration

Concept paper
submizsion

Allocahion of
Supenisors

Development of

proposa

Literature review Ilx

Propasal Onl
Presentation

Conections &
approvals

(Questionnzire
development

Tdentification of
research assistants

Previsit & testng of
questionnaires

Data  collechon -
chmate® data

Admmistaion of
questionnaires

Data entry!

Data analyats

Thesis preparation’

Mameeript far jownal

pape

Submission of ' draft
thesis

Publching of joumal lxlx

pape:

Thests defence &
Orzl Presentation

Exammaton &
Comections

Thesis Prinfing and

binding
Thess Submission and
(Clearance

Craduation
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'PENDIX 10: ADJUSTED BUDGET FOR PHD PROGRAM AND RESEARCH THESIS

ACTIVITY ITEM DESCRIPTION UNITS UNIT  COST | TOTAL COST (KSHS)
(KSH)
Tuition fee and Statutory charges | Total for Year I, Year 2 and Year 3 - - 442,100
Proposal Development Prinfing paper 3 reams 600 1.800
Prinfing services 300 Pages | 10 3,000
Binding of proposal f copies 100 600
Infemet services 10.000
Travel and accommodation to fhe University 80 days 1,000 30000
Field work Field reconnaissance subsistence & fuel for 2 supervisors and student. 1 days 23,000 30,000
Data acquisition - KMD 10,000
Data acquisition — Ministry of Agneulfure 11,000
Communication 100 days | 230 25,000
Prinfing paper jReams | 600 3,000
Prinfing services 1,000 10 10,000
pages
Field Allowances (self, research assistants) 30,000
Data analysis Data enfry 100 days | 500 30,000
Software for data analysis 10,000
Reference books/joumals 35,000
Joumal papers Registration and Subsistence allowance to attend conferences 20,000
Draft Thesis Printing paper 3 reams 600 3,000
Prinfing services 2,000 10 20,000
pages
Binding services 10copies | 100 1,000
Final Thesis Printing paper 4 reams 600 3,000
Prinfing services 1200 pages | 10 12,000
Binding services 10 copies | 100 1,000
Travel and accommodation to the University 100 days | 1,000 100,000
Graduation fees 4,000
TOTAL Fieldwork Research and Thesis Budget S11400
GRAND TOTAL Tuition fee and Statutory charges plus Fieldwork Research and Thesis | YLYI&Y3 933,500
Budget
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APPENDIX 11: PHD FULL ADMISSION LETTER

-

UNIVERSITY OF NAIROBI
GRADUATE SCHOOL

Telephone: +254-2-318262 P. O. Box 30197, 00100
Fax Number: +254-2-243626 NAIROBI, KENYA
Telegrams: “Varsity of Nairobi”

Email: gs@uonbi.ac.ke
Our Ref: C80/52198/2017 21* June 2019

Muriithi David Ikua
C/o Chairman, Department of Geography & Environmental Studies

FACULTY OF ARTS, CHSS
Dear Mr. Ikua,
FULL ISSION T TE ST TE

Following your application for a higher degree at this University, I am pleased to inform you
that the Director, Graduate School has approved your application for full registration for the
degree of Doctor of Philosophy degree in Environmental Planning and Management at
the Department of Geography & Environmental Studies in the Faculty of Arts. She has
also approved Dr. Bonface Nzuve Wambua and Dr. Kennedy Japhan Omoke as the
supervisors of your thesis entitled “Climate Variability and Crop Farming; Analysis of
Adaptation Strategies among Small Scale Farmers in Nyandarua County of Kenya.”
The Guidelines on Postgraduate Supervision can be accessed on our website
(www.gs.uonbi.ac.ke) while the Research Notebook is available at the University Bookstore.

The degree for which you are registered will be offered by research and thesis.

Your admission into the programme is governed by the common regulations for the degree of
Doctor of Philosophy in all Faculties/Schools/Institutes. You will be expected to carry out
supervised thesis research in your chosen area of study for a minimum period of six
(6) semesters, with effect from 28" May 2019, culminating in a doctoral thesis. You
shall be required to file quarterly progress reports to Graduate School to confirm the
progress in your research work.

You will also be expected to submit two (2) publications jointly published with all
supervisors or acceptance letter of the two (2) publications from a peer reviewed
journal from your PhD work during your oral defense.

The fees structure for the degree of Doctor of Philosophy is as indicated below:

A. COMPOSITE FEES (KSHS.) Year 1 Year 2 Year 3
Registration Fee 2,000p.a. 2,000p.a. 2,000p.a.
Student Identity Card 1,000p.a. 1,000p.a. 1,000p.a.
Tuition Fees 108,700 108,700 108,700
Supervision 12,000 12,000 12,000
Examination (Written) 12,000 - -
Computer Fee 5,000 p.a 5.,000p.a. 5,000 p.a.
Activity Fee 2,000p.a 2,000p.a 2,000 p.a
Medical Fee 5,000p.a 5,000p.a 5,000 p.a
Library Fee 6,000p.a 6,000p.a 6,000 p.a.
Caution Money (Refundable) 5,000 - -

T AT 158 700/= 141.700/= 141.700/=
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B. OTHER CHARGES:

1. Extension of registration period - Kshs. 5,000 p.a.

2. Extension of correction period - Kshs. 2,000 per three months
3. Extension of revision period - Kshs. 3,000 per six months

4. Extension of supervision - Kshs. 12,000

5. Examination of revised thesis - Kshs. 15,000

The degree for which you are registered will be offered by research and thesis and in this
connection the guidelines for research money are:

Arts Based Research - Kshs. 150,000
Science based Research - Kshs. 200,000
Clinical Research - Kshs. 250,000

Book Allowance - Kshs. 40,000

o

Foreign students from outside the partner states of the Northern Corridor Integration
Project (Republics of Burundi, Rwanda, Uganda and South Sudan) to add 25% on all
charges.

Please note that all fees and other charges due shall be paid by Direct Cash Deposits, EFT
(Swift Code is “BARCKENX) or RTGS transfer to UON CESSP Collection Account
No. 2032771362 at Barclays Bank of Kenya, Barclays Plaza, Nairobi, Kenya or at any Barclays
Bank Branch countrywide using the Reference Number quoted above. Personal Cheques,
Bankers Cheques or Institutional Cheques are NOT acceptable. The student account will be
updated the next working day and can be accessed through the student online portal
(http://smis.uonbi.ac.ke) available in the University website (www.uonbi.ac.ke). Once you
have paid fees, kindly report to the Graduate School with a copy of the fees statement for
registration. Thereafter, you will report to the Dean’s office, Faculty of Arts (CHSS) for
other registration formalities.

You are advised that all fees and other charges may be subject to change without prior notice.

NB: This letter supersedes the carlier one dated 28" May, 2019.

Yours sincerely,

INE
FOR: DIRECTOR, GRADUATE SCHOOL

c.c. Dean, Faculty of Arts
Chairman — C/o Department of Geography & Environmental Studies
Dr. Bonface Nzuve Wambua (Supervisor) — C/o Dept. of Geography & Env. Studies
Dr. Kennedy Japhan Omoke (Supetrvisor) - C/o Dept. of Geography & Env. Studies.

CN/mv
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APPENDIX 12: APPROVAL FOR CHANGE OF COURSE NAME

UNIVERSITY OF NAIROBI
OFFICE OF THE DEPUTY VICE-CHANCELLOR

(ACADEMIC AFFAIRS)
Telephone: 020-4910000 P. O. Box 30197-00100
E-mail: pgiauonbi.ac.ke NAIROBI, KENYA
REF: C80/5219872017 May 20, 2022

David Ikua Muriithi
C/o Dean,
Faculty of Arts and Social Sciences

Dear David,

CHANGE OF COURSE

Please refer to your lctter dated April 6, 2022 on the above subject matter.

This is to inform you that the DVC. AA has approved your request for change of
course from PhD in Environmental Planning and Management Programme to PhD in
Geography and Environmental Studies Programme in the Faculty of Arts and

Social Sciences.

This change will be effected in the system. Please note that you can now
download your new admission letter in the application portal.

Yours sincerely,

CATHERINE NJUE (MS)
FOR: ACADEMIC REGISTRAR

c.c:  Dean, Faculty of Arts and Social Sciences
Chairman, Dept. of Geography. Population and Environmental Studies

CN/jg
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APPENDIX 13: FEES STATEMENT

w, _ University of Nairobi

A world-class university committed to schalarly excellence

e Ttk | oo | tets | o | uktaon | tonat |

(80/52198/2017 DAVID IKUA MURIITHI  (Nairobi Evening)

Fees Statement

|Academic Year : 2017/2018 Billing Currency : KES

Transaction/ Receipt Number Date Description Debits DR Credits (R Balance Cur.Rate
2180203868 2017-08-22 FEES PAYMENTS 000 llJlJ,ﬂﬂiI.I][q -lﬂﬂ,ﬂﬂﬂ.ﬂq KES=1
2180248607 2018-03-23 FEES PAYMENTS 0.00 53;?1]1].0[* -158,?I]D.I]l1 KES=1
2200023587 2021-03-31 FEES PAYMENTS 0.00 41;?1]1].|][* -Zﬂﬂ,q-ﬂﬂ.ﬂq KES=1
2200190325 2022-05-19 FEES PAYMENTS 0.00 l,ﬂﬂﬂ.l][* -Zﬂl,q-ﬂﬂ.ﬂq KES=1
2200206211 2022-08-18 FEES PAYMENTS 0,00 llJlJ,ﬂﬂﬂ.I][* -31]1,‘1-|]D.Ell1 KES=1
2200206212 2022-08-18 FEES PAYMENTS 0.00 144],?1]1].0[1 -442,100.00f KES=1

Academic Year Totals : 0.00 443, mnm| -442,100.00

Closing Balance : -442,100.00

About Us * {©) 2013 University of Nairobi . Design: by ICT Centra
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APPENDIX 14: UNIVERSITY RESEARCH PERMIT

UNIVERSITY OF NAIROBI

DEPARTMENT OF GEOGRAPHY AND ENVIRONMENTAL STUDIES

Telephone: +254 2 318262 P.O. BOX 30197-00100
Extension: 28016 NAIROBI
Fax: +254 2 245566 KENYA

Email-geography@uonbi.ac.ke
May 23, 2019
The Director,
National Commission for Science & Technology
Nairobi, Kenya.
Dear Sir/Madam,
RESEARCH PERMIT: MURIITHI DAVID IKUA

This is to confirm that the above named is a registered student (Registration Number —
C80/52198/2017) at the Department of Geography and Environmental Studies, University of
Nairobi pursuing a Ph.D. in Environmental Planning and Management (EPM).

Mr. Muriithi is currently undertaking research on a topic titled: Climate Variability and Crop
Farming: Analysis of Adaptation Strategies Among Small Scale Farmers in Nyandurua County
of Kenya..

Any assistance accorded to him will be highly appreciated.

CHAIRMAN

Dr. Boniface Wambua
Chairman, Department of Geography & Environmental Studies

236



APPENDIX 15: NACOSTI RESEARCH PERMIT
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APPENDIX 16: GRADUATE STUDENTS PROGRESS REPORT 2020
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APPENDIX 17: GRADUATE STUDENTS PROGRESS REPORT 2021

/ \\

l 5

UNIVERSITY OF NAIROBI "”’Vrz;
GRADUATESCHOOL | 13 13
\ &

GRADUATE STUDENTS PROGRESS REI_’QR}

The following is a format for postgraduate quarterly progress reponsﬁ» ¥
students undertaking the programme by thesis, A completed report should be sent to
the Director, GS through Chaiman and Dean/Director with a copy to the Principal of the
respective College.

Name of StudentMLl&gMﬂ Reg. No. S«M@ 1
Programme IPM 1N Al ANNVIENTRL PLIiningG § NitniagentsalT
Department (1E0¢ Rapr] b Balvira VAL STUd 1B
Fagutty/School/Institute __ ARTS

Date of Registration Q'S/ 0 §/ 019

Proposed date of completion $F{(ﬁ MEER 02 |

14 (Yo (TS / ¢ i
Where«g}:jen s t‘)\é(lng co%am_gj%, MQT

Supervisors: Name
:})r gﬁl\;ljcgg ééd uG JICES
2 isv_&g%_@q Aw&u
3

1)  Short introduction and objectives

* Student to provide a briefstatement and the objectves of the stucy.,
" graaf (ﬂd/dw
e od?cﬂabm K}hwm }5Tcmmwc/ a? it
ecke fowms o (Gpem A Toa Idfe
Cluife \/M“N{‘] m Cop J w:j

~Tle @J&] I 3mhc1 L’j e QT%”° dapd?w/;

CJMG

T [2Qech 1y Ty Dvabadt
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2)  Accomplished work for specified period: From ( ) To ()
« State your actual progress in comparison to the planned progress. (Gantt
, chart) . ,
Iﬁf %‘M(@"T‘“’ ‘O g(»W Wymj Ca»fu/flb
3)  Remaining work

+ State clearly what remains to be done for the stated period if any. If not,
how a when it will be ac:omplshed

. State whagsélstancelsreqm et (“ﬂbjzg( P?Aa/ M)

othercom ( 12« § fe(
«\& M o Lodafi
Studen Nam S»gnatu ate
Mﬁlﬂm "
1) Name D Q‘M‘l‘ 4
Xg)\ B \\)c\,g\»» '

Cumments /lu (odelite @ Mw\fyqﬁ 11,‘{
LWL YT Lm«ewgaoj Jersy Ay 7 N

(( @w

+ Signature ate

2 Name}?g)l o Dep ; A e S
CommeﬂéaJMLx} v nuk,l J@m{ St P -
Signature %ﬁ{a&n\ Date lé’{J("),OZ,[‘

Comments by Chairman
Make statement on progress of the student and proposed irﬁ

Name M lz l@"“é’l}" Signature

Comments by Dean/Director

Make state@\ent on mﬁudent and pro e

Name S|gnature |




APPENDIX 18: GRADUATE STUDENTS PROGRESS REPORT 2022

2)  Accomp
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- Student to provide a bref tatement and the objectves o the study,
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Rdde 0 ottt o bt Bt o g °"t3vmw@e w newau
\JQ Ow( J"‘“‘” WM %‘“{8&4 Name P;'F‘TJ Snci mmmwm mwm :
{Fabinladf QSWQU Qolo {ww M (e B (LR :

pgd Mdl, VGmL f
e ot

240



APPENDIX 19: FIELDWORK AUTHORIZATION LETTER BY THE COUNTY

GOVERNMENT

REPUBLIC OF KENYA

COUNTY GOVERNMENT OF NYANDARUA
OFFICE OF THE GOVERNOR
COUNTY SECRETARY AND HEAD OF PUBLIC SERVICE

!

Telephone: 0202660859 P.O. Box 701-20303
Fax: 02026660859 OlKalou
Website: www.nyandarua.go.ke 5 Kenya

Email: cs@nvandarua.go.ke

‘When replying please quote:-
Ref; NYA/CNT.GOVT/ADM/ 1/23/1

29tk November, 2019

THE DIRECTOR,
NACOSTI,
3= P.O BOX 30623-00100,

NAIRCBI .
DAVID MURIITHI IKUA

This is to confirm that the above named person, a studert from University
of Nairobi has reported to the Nyandarua County and authorized to a take
Research on “Climate Variability and Crop Farming”, Anaiysis of
Adaptation Strategies among small scale farmers in Nyandarua County.

Please accord him necessary assistance.

-
Pt

1| = TARY =
1k COUNTY G RNMENT OF |

Chief Officer- Agriculture, Livestock and Fisheries
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APPENDIX 20: APPOINTMENT LETTER FOR RESEARCH ASSISTANT
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APPENDIX 21: CERTIFICATE OF PARTICIPATION FOR CONFERENCE AND PAPER
PRESENTATION

CERTIFICATE OF PARTICIPATION

This is hereby granted to

ooooooooooooooooooooooooooooooooooooooooooooo

For participating in the E-conference on Sustainable
Consumption & Production Practices in the Food Value Chain
October 05-07, 2020

Qg™ @

DR. GEORGE ABONG' THE HORTIGREEN CONSORTIUM
University of Nairobi Sustalde, UoN, KEBS, CIN

& - ~
B ew @ [@rom B
o R 0 SUSTALDE A S of
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APPENDIX 22: FIRST ARTICLE PUBLICATION AUGUST 2020

Asian Journal of Agriculfure and Food Sciences (ISSN: 2321 - 1571) Volume § - sue 4, August 2020

Asian Online Jowurnals {www.ajouronline.com) 83

Characterization of Small Scale Farmers’ Low Levels of
Adoption to Crop Insurance as an Adaptation Strategy to
Climate Variability in Nyandarua County of Kenya

David I. Muriithi™ Boniface N. Wambua® and Kennedy J. Omoke®
"PhD Student, University of Nairobi, Department of Geography and Environmental Studies,
Kiriaini, Kenya
*Corresponding author’s email: davidikuad4 [AT] gmail com
“Senior Lecturer & Chairman, University of Nairobi, Department of Geography and Environmental Studies
Nairobi, Kenya
Email: wambua_boniface [AT] uonbi.ac.ke
*Senior Lecturer, University of Nairobi, Department of Geography and Environmental Studies
Nairobi, Kenya
Email: fromotke [AT] uonbiac. ke

ABSTRACT-— Kenya is one aof the many countries in Sub Saharan Africa affected by climate variability and
its related hazards due to changes in femperature and variations in rainfall in mest parts of the country. The
present study has been undertaken to assess the adaptation strategies applied by the small scale farmers in
response to climate variability in Nyandarua County. The study has been condncted in central region of Kenya
which is relafively humid and good for agrienltnral production. A total sample size of 300 respondents from five
sub counties was used to collect the primary data through the random sampling technique. Descriptive Likert
analysis and Inferential binary logit regression was used to assess the factors affecting the willingness to adopt
crap insurance to mitigate the risks of variability of climate on crop farming. The results of the study indicate
that adoption of crop insurance scored very low in relation to other adaptation strategies. The logit regression
model on the other hand revealed that age and maital status was positively significant with willingness to adopt
crap insurance while the marginal effects of levels of income and monthly income implied that the likelihood of
willingness fo adapt crop insurance increased by 1.32 fimes and 13.3 percent respectively. Based on the study
findings, if small scale farmers are well supported te adopt crop insurance, then this adaptafion strategy can be
among the most effective strategies in Kenya. However, due to low adapfive capacity, more awareness needs to be
created on the importance and procedures of obtaining the specific agricultural insurance covers. The study
concludes that modern adaptation approaches are important in presence of formal crop insurance policies
especially in the rural areas of Kenya.

Keywords—— Climate variability; adaptation strategies; crop insurance; binary logit model
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APPENDIX 23: SECOND ARTICLE PUBLICATION MAY 2021

[@locie)

East Afvican Jowmnal of Science, Technology and Innovation, Vol 2 (Special issue): May 2021
Thiz article is licensed under a Creative Commons license, Attribution 4 0 International
(CCBYNCSA40)

Constraints and Opportunities for Greenhouse Farming Technology as an Adaptation Strategy to
Climate Variability by Smallholder Farmers of Nvandarna County of Kenya

GFMURITHIDI, WAMBUABN., (OMOKEEK]T

{Department of Geography & Environmental Studies, University of Nawoby, P.O. Box 30197, Narobi- Kenva.

*1Cotresponding author: davidiluadd/@pmail com

Abstract
Nyandarna County of Kemya has been for a long time. manifested itself as one of the major food baskets

in the country. This is becanse of its high and spstainable owtput in crop farming ie, maize Irish
potatoes, wheat, and other horticultural crops like vegetables and fivits. However, this scenario has
recently changed because the usual high crop output has not been forthcoming due to recent changes in
climatic patterns where rainfall has become very unreliable and temperatures very extreme. In an attempt
to adapt to this climate variability and its associated pegative impacts on crop farming, smallholder
farmers have tried to apply the greenhouse farming technology for them to be able to maintain and or
mmprove the various crop output amid the climatic changes. The study aims to examine and assess the
socio-economic deternunants and constraints asseciated with this attempt of adaptation strategy. Using
the primary data of 300 respondents (Smallholder farmers) in the County. the study adopted a logistic
regression analysis model to assoctate the demographic, socio-econonue, and constraints encountered by
the smallholder farmers with the adoption of the greenhouse farming technology. The study results
indicate that thiz adaptation strategy was reported by 23 out the 300 smallholder farmers (5.83%). The
study results firther suggest that financial constraints (27%) and lack of information (22.3%) are the
major constraints preventing smallholder farmers from effectively adopting this adaptation strategy.
However, the probability results of logistic regression analysis (68%) indicate that if properly adopted, the
methed can provide a solution to the cwrrently reduced food shortages and increase food security among
the smallholder farmers of Nyandama County of Kenya.

Keywords: Adaptation strategies; climate variability, greemhouse farming technology, logistic
regression model
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APPENDIX 24: ACCEPTANCE LETTER FOR THIRD ARTICLE PUBLICATION
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ABSTRACT

Crop farming 15 crucial to the livelihoods of commumnities iving in the mural areas of Kenya. The
sector largely depends on climatic variables such as ramfall for optimum crop output. This article
presents the analysis, interpretation amd discussion of the research fndings based on the
objective of assessmg the climate vanability of mean anmal ramfall and its mpact on crop
farming (maize output) m Nyandarua County. To achieve this objective, the researcher sought to
analyse ramnfall amount and fluctuations in Nyandarua County for 21 years and comelate the
variable with crop output (maize) over the same period. The variability of rainfall and maize
output was analysed usmg descriptive stahistics of mean, standard deviation and coefficient of
variance. Simple lne trends and scatter graphs were used to show this vanation The inferential
statistics of regression and comrelation analysis were used to establish the relationship between
the rainfall factor and the selected crop output. The mll hypothesis associated to this objective
was tested using results of the correlation and regression analysis. Evidence of the study
indicated that the annual average rainfall had increased from 1999 to 2006. However, the last
fifteen years preceding the study, the mean anmal ramfall had sigmificantly fluctuated between
the peaks of 117 mm and off peaks of 67 mm The utmost vanation in the ramfall amount was
expenienced between the years 2013 and 2007. Refemng to the 21-year penod of annual crop
output records, the output of maize greatly fluctnated between 2019 and 1999 with an average
tonnes of 29,145 76. Ramfall vaniability was concluded to have greatly mfluenced the changes in
maize gutput (1=0.688). The regression lme for ramfall vanability and maize output produced a
slope that was described by the equation y=463x - 11100 + & The regression value (B2 =
0.47189 showed that 47.19% of the fluctuation in maize output was as a result of the dispanty in
rainfall amount and distribution. In conclusion, results of the study mmplied that ramfall amount
and distribution was highly emratic and unpredictable. Therefore this scenano exhibited much
uncertanty to the small scale farmers in the region. For better planning of the effect of climate
variability, the study recommended that policymakers and other relevant stakeholders should
come up with awareness programs through the provision of useful mformation that assmmilate the
small holder farmer mdigenous knowledge and perception and its effects on ther livelihoods
with the accurate meteorological scientific data.

Kevwords: Famfall vaniability; logistic regression model; crop vanability; adaptation strategies;
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