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OPERATIONAL DEFINITION OF TERMS AND CONCEPTS

Adaptation Strategies

Adaptive capacity

Cessation

Climate change

Climate variability

Coping strategies

Describes adjustments to long-term trends, which have
transformational character and contribute to the

exploration of positive opportunities (Bryan et al., 2013).

Is a system's ability to adapt to climate change,
particularly rainfall variability, in order to mitigate
possible harms, seize opportunities, or deal with the
consequences. Adaptation can be spontaneous or
intentional, and it can be done in response to or in
preparation of climate changes.

Cessation refers to the conclusion of the effective rainy
season. It does not refer to the last day of rain, but rather
to the point at which rain cannot be assured or effective
any longer.

A shift in the state of the climate that may be
characterized by changes in the mean and/or variability of
its attributes and that lasts for decades or more. It could be
caused by natural internal processes, external forcing, or
chronic  anthropogenic  changes in  atmospheric
composition or land use systems.

Climate variability on temporal and geographic scales
beyond individual weather occurrences, as well as other
statistics (such as the occurrence of extreme occurrences).
Extensive droughts, floods, and conditions connected to El
Nino or La Nina episodes are examples (IPCC, 2007).
Internal variability (internal variability) or anthropogenic
forcing (external variability) can both cause variability in
the climate system (external variability).

Describes a system’s capacity to absorb shocks while

maintaining function, exhibiting thereby similarities with
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Household

Inter-seasonal temporal

rainfall variability

Intra-seasonal temporal
rainfall variability
Maize yields

Mitigation strategies

Onset

Rainfall Onset

Rainfall Cessation

Rainfall Variability

Seasonal rainfall
variability
Vulnerability

the concept of resilience (Folke, 2006).

A person or a group of people who share the same
cooking and investment arrangements and live in the same
compound.

Is the degree to which rainfall levels change over time

between the seasons of Long Rains and Short Rains.

Is the degree to which rainfall levels fluctuate over time
within the seasons of Long Rains and Short Rains.

This is the total maize vyields produced in an area
measured in kilograms per acre.

Mitigation reduces exposure to the risk, by taking
measures/ acting upon the origin and attributes of the
stressor (Gallopin, 2006).

Sawa et al. (2011) define onset as the time when an area
receives enough rain to support agricultural growth.

Sawa et al. (2011) define onset as the time when an area
receives enough rain to support agricultural growth.

Sawa et al. (2011) defines cessation as the conclusion of
the effective rainy season. It does not refer to the last day
of rain, but rather to the point at which rain cannot be
assured or effective any longer.

Refers to the fluctuating inter-annual or intra- or inter-
season rainfall regimes as a consequence of climate
change

This is the degree to which seasonal rainfall amounts vary
across an area or through time.

Refers to how vulnerable a system is to the negative
effects of climate change, such as climate unpredictability

and extremes, or how unable it is to cope with them.
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ABSTRACT

Agriculture is Kenya's economic backbone and a source of income for the vast majority
of the population. The primary goal of the agriculture sector is to achieve national food
security. Because most agricultural activities in Kenya rely on rainfall patterns, short- and
long-term variations in rainfall patterns affect crop productivity. The purpose of this
study was to investigate the effects of seasonal rainfall variability on maize yields and
assess the adaptive strategies of smallholder farmers in Nyeri County's Kieni East sub-
County. The specific objectives were to determine the inter and intra seasonal temporal
rainfall variability in Kieni East sub-County between 1988 and 2018, analyze the effects
of seasonal rainfall variability on maize yields in the sub-County between 2009 and 2018,
and assess smallholder maize farmers' adaptive strategies to the effects of seasonal
rainfall variability. The following data sets were used in the study: rainfall data (1988-
2018), maize data (2009-2018), a household survey (N=223), and in-depth interviews
with MoA, meteorological personnel, and local administration (N=8). Structured
questionnaires were used to collect data from smallholder maize farmers in the sub-
County. Rainfall data was evaluated using trend analysis, standard deviation, correlation
of variation, running means, and the variability index, to assess if there is variability in
rainfall annually, within and between the two rainfall seasons. Similarly, maize yield data
acquired from the MoA in Nyeri County was used to conduct trend analysis and calculate
the variability index on an annual and seasonal basis. A correlation analysis was carried
out to investigate the relationship between annual and seasonal rainfall and maize yields.
According to the findings, yearly rainfall mean was 780.07mm, a standard deviation (SD)
of 156.38mm and a correlation of 0.20.For the long rains, a mean of 260.86mm, an SD of
84.49mm and a correlation of 0.32.The short rains mean was 276.55mm, an SD of
126.09mm and a correlation of 0.46. The Karl Pearson Correlation test revealed a
relationship between annual rainfall and annual maize yield of r (10) = 0.821, p = 0.004.
Similarly, the Karl Pearson Correlation test found r (10) = 0.634, p = 0.009 for rainfall
and maize yield under the long rains. The Karl Pearson Correlation test between rainfall
and maize yield following short rains yielded r (10) = 0.918, p= 0.000, showing a strong
significant positive relationship. According to the findings of the study, most farmers in
Kieni East sub-County respond to rainfall variability by planting maize varieties that are
early maturing (82.9 %) and drought tolerant (57.5 % ), high yielding (77 %), disease
resistant (57.6 % ), use manure and fertilizers (92 % ), seek extension training (29.6 % ),
and employ various water harvesting strategies. The outcomes of the research will be
used by the MoA, other policy-makers and stakeholders to develop policies that address
rainfall variability. The information will be used by smallholder maize farmers to
evaluate their adaptive tactics and develop successful techniques for dealing with extreme
rainfall variability. This will increase food yield and resilience to rainfall fluctuation,
supporting the country in meeting the United Nations' Sustainable Development Goals
(SDGs) 2 and 13, which aim to eliminate hunger and address climate change,
respectively.
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CHAPTER ONE

INTRODUCTION

1.1 Background to the study

Some studies in rainfall evolution in many areas show that climate change translates into
altered weather conditions such as rainfall variations and extreme events (WMO, 2013).
Climate extremes are anticipated to grow more frequent and severe as a result of global
warming, according to the IPCC (2012). Maize (Zea Mays) is a cereal crop that may be
cultivated in a variety of agro-ecological situations. It is, after wheat, the world's second
most significant food crop. Maize is farmed in various places of the world and in some
places like in the tropics throughout both long and short rainy seasons, and matures in 90-

190 days depending on the seed type (Schroeder et al., 2013).

Rainfall in Africa is extremely varied, and it is influenced by both climate change and
human activity (Muchuru & Nhamo, 2019). Due to its critical relevance in supporting life
on earth, notably in the sector of agriculture, it is one of the most important climatic
factors in developing countries (Wagesho, 2016). Several precipitation studies
demonstrate that Africa is now warmer than it was 100 years ago, with increased inter-
annual and intra-seasonal variability in rainfall (Cooper & Coe, 2011). Climate change is
expected to increase climate variability, as well as the frequency and severity of extreme
weather events in Africa and other parts of the world (Thornton et al., 2011; Coumou &
Rahmstorf, 2012; IPCC, 2012). Maize production in Africa is rain-fed, according to
FAO (2009), making it extremely vulnerable to extreme weather events like rainfall

variability. Variability in rainfall is observed in both seasonal and annual trends,



influencing various household livelihoods. Crop productivity is reduced by more variable

rainfall patterns and unpredictable high temperature periods (Kumar et al., 2012).

In Sub-Saharan Africa, maize is the most abundant crop, followed by sorghum and wheat
(Macauley & Ramadjita, 2015). Muller et al. (2011) suggests that climate-induced risks,
particularly those linked to rainfall, are the most significant drivers of crop production

uncertainty in the majority of Sub-Saharan African regions.

Maize is an important cereal food crop in East Africa, with 7.3 million hectares grown
each year, accounting for 21% of arable land and 41% of cereal land (Erenstein et al.,
2011). Maize vyields vary greatly in the region, both geographically and temporally.
Heavy rainstorms are projected to grow more prevalent in Eastern Africa, posing a threat
to crop output (Herrero et al., 2010). East Africa could lose 40% of its maize yield by the
end of the twenty-first century due to a drop in existing farming acreage, due to drought
(Lobell et al., 2011). Limited seasonal length, heat stress, and severe weather all

contribute to this decrease.

Climate is the most important predictive element in rain-fed agricultural systems in
Kenya, and its impact is considerably higher especially in the Arid and Semi-Arid Lands
(Herrero et al., 2010). The amount, timing, and distribution of rain have all changed,
resulting in lower agricultural productivity (Huho & Kosonei, 2013). Despite rising
rainfall unpredictability in Kenya, rain-fed small-scale agriculture accounted for 75% of
the country's agricultural production (Herrero et al., 2010). The country's food security is
challenged by a decrease in maize yield mixed with an increase in demand. Since the year

2000, Kenya has depended on maize imports and food aid because domestic production
2



has continuously fallen short of the country's consumption demands (Herrero et al.,
2010). According to FAO (2013) studies, maize is farmed on an estimated 1.5 million
hectares in the country each year, yielding approximately 26 million bags of maize. This
is less than the 34 million bags of maize that is predicted to be consumed in the country
each year (Kang'ethe, 2011). Kenya has thus so far been unable to achieve maize self-
sufficiency. Furthermore, maize output has expanded slowly, averaging roughly 2% per
year, which is less than the 3.5% annual population growth rate (GoK, 2013; FAOSTAT,

2015).

Monthly rainfall variability is somewhat more noticeable in the drier zones of Kenya's
central highlands, where maize farming is the staple food for 90% of the population and
where Kieni East sub-County is located. The rainfall patterns in Nyeri County have
altered, with amounts declining every 3-4 years (Karienye et al., 2012). Maize is mostly
produced under rain-fed agricultural systems and rainfall may occur during 4-7 rainy
months (Jaetzold et al., 2007), but with high seasonal variations (Micheni et al., 2004).
Maize yields in 90kg bags were 61,531,000 in 2015, 13,028,000 in 2016, 18,114,000 in
2017, and 12,866,000 in 2018, according to a joint report by Kenya Food Security
Steering Group (KFSSG) and Nyeri County Steering Group Nyeri County, Feb (2018),

indicating variability, attributable in part to climatic hazards such as rainfall variability.

Rainfall distribution is getting increasingly variable and unpredictable in the county and
in Kieni East sub-county. Prolonged cold seasons, increased frost incidences (typically
coupled with dry spells), extended rainy seasons, and, in some locations, such as Kieni

East, prolonged drought (MoALF, 2016), are further signs of climate extremes. In the



year 2013, floods resulted in a 15% reduction in agricultural areas in Kiamathaga in
Kieni East sub-County, as well as an equal loss in maize yields (Orre et al., 2013). As a
result, changes in precipitation patterns are expected to have a negative influence on

annual and seasonal maize yield.

Adaptive strategies will be critical in ensuring people's food security in the face of
climate change and variability. Adaptation is a multidimensional, dynamic process that
occurs at all temporal and geographic domains (Below et al., 2010). The spectrum ranges
from individual planting decisions made by smallholder farmers (at the micro-level) to
long-term strategic decisions made by regional or national governments (macro-level).
Both levels are intricately related to one another. Institutional and governance factors on
a larger scale both impede and support local adaptation decisions (Eakin et al., 2014).
Smallholder farmers in Kenya are especially vulnerable to the effects of rainfall
variability due to their limited adaptation capacity. In its Climate Change Adaptation
Strategy 2009-2030, Kenya's government recognizes that adaptation to climate change
and variability is the country's top priority. Adaptability to rainfall variability is critical
when it comes to national food security (GoK, 2013). Among the most often reported
adaptation tactics of smallholder farmers to climate change include changes in crop
variety, planting dates, irrigation, soil conservation measures, water harvesting, and crop

types (Bryan et al., 2013).

Many sections of the country still lack proper institutional framework conditions, leaving
resource-poor smallholder farmers fighting climatic and economic difficulties on their

own. This is the case in the Kieni East sub-County. Lack of an appropriate policy and



legal framework that is conducive to the operations of the agriculture department still
remains an issue in spite of some progress having been made, according to the Nyeri
County strategic plan 2018/19-2022/23. Traditional adaptive techniques in the country,
notably in Kieni East sub-County, Nyeri County, are likely to be overwhelmed by
increased frequency of rainfall variability and shocks. As a result, there is a need to better
understand, document, and reinforce existing adaptation techniques, which served as the

foundation for this study.

1.2 Statement of the problem

Maize is the second most important food crop grown in most parts of the world, and it is
a staple food in Kenya, especially in Kieni East sub-County. Due to decreasing land sizes
as a result of land fragmentation, the majority of maize farmers in Kenya are
smallholders. Kenyan maize production is rain-fed, making it more subject to variations
in rainfall. According to climate data simulations, there is still a high possibility that
climatic circumstances will become more unfavorable in the future. In its Climate
Change Adaptation Strategy 2009-2030, Kenya's government recognizes that adaptation
to climate change and variability is the country's top priority. Farmers have enhanced
their resilience and adaptive potential through indigenous knowledge through the years.
However, the rising variety, frequency, and severity of rainfall shocks are expected to

outstrip their existing adaptation methods.

Furthermore, as low-income producers who frequently lack institutional backing from
national and county governments, they lack the wherewithal to invest in long-term

adaptive technologies and tactics at the local level. Although existing programs and



projects geared to support growing resilience and are in accord with current frameworks,
policies, and initiatives in the County and in the Kieni sub-County, there is a mismatch
between policies and programs. The amount of policy adoption is uncertain and
ambiguous, as seen by the Nyeri Climate Change Policy Framework, creating a gap that
necessitated this study. Lack of an appropriate policy and legal framework that is
conducive to the operations of the agriculture department still remains an issue in spite of
some progress having been made, according to the Nyeri County strategic plan 2018/19-
2022/23. This study sought to fill this gap by analyzing the effects of seasonal rainfall
variability on maize yields, as well as to understand the existing adaptive strategies used
by smallholder farmers in the study area, as well as their costs and constraints to the
farmers, and to document them so that relevant authorities, such as the Ministry of

Agriculture, Nyeri County, can strengthen them in order to improve yields.

1.3 Study Objectives

1.3.1 General Objective

The study's general objective was to contribute to a better understanding of the effects of
seasonal rainfall variability on maize yields and smallholder farmers' adaptive strategies

in Kieni East sub-County, Nyeri County, Kenya.

1.3.2 Specific Objectives

The study's specific objectives of the research were to:

(i) To determine the intra- and inter-seasonal rainfall variability in Nyeri County's Kieni

East sub-County between 1988 and 2018.



(if) To analyze the effects of seasonal variability of rainfall on small-holder farmers’

maize yields in Kieni East sub-County between 2009 and 2018.

(iii) To assess the existing small-holder farmers’ adaptive strategies to the effects of

seasonal rainfall variability on maize yields in Kieni East sub-County, Nyeri County.

1.4 Research Questions

(i) How has the inter- and intra-seasonal rainfall variability been in Kieni East
sub- County between 1988 and 2018?

(if) Is there a significant relationship between maize yields and seasonal rainfall
variability in Kieni East sub-County between 2009 and 2018?

(ili)  What are the current smallholder farmers' adaptive strategies to the effects
of seasonal rainfall variability on maize yields in Nyeri County’s Kieni East

sub-County?

1.5 Research Hypotheses

Hol: There is no significant inter- and intra-seasonal rainfall variability in Kieni

East sub-County between 1988 and 2018.

Ho2: There is no significant relationship between both seasonal and temporal
rainfall variability and smallholder farmers’ maize yields in Kieni East sub-County

between 2009 and 2018.



1.6 The study'’s justification and significance

Agriculture is a key occupational sector in many Sub-Sahara Africa (SSA) nations and a
source of income for the rural population (UNEP, 2011). Maize is grown on around 100
million hectares in the developing countries, according to estimates. According to
FAOSTAT (2010), the medium and lower income earners account for almost 70% of
total maize yield in these nations. In Sub-Saharan Africa, rain-fed agriculture accounts
for nearly 90% of staple food production (Cooper & Coe, 2011). Smallholder rain-fed
agricultural systems (averaging 0.2-0.3 ha in size) dominate Kenyan food production,
accounting for 75% of total agricultural output and 70% of marketed agricultural items

(Hickey et al., 2012; Bryan et al., 2013; Barasa et al., 2015).

Rainfall is the most important climatic component in affecting crop production
distribution in space (Makenzi et al., 2013), with agricultural activities following rainfall
patterns, especially in tropical regions (Huho et al., 2012). According to studies, climate
variability will continue to be an issue for rural communities that rely on agricultural
production. The majority of Kenyan households farm maize, the country's principal staple
crop that sustains over 85% of the population (Mohajan, 2014), on approximately 17% of
the country's geographical area USAID (2010). Her national food security is intrinsically
related to her ability to cultivate enough maize to fulfill rising domestic demand from an
increasing population. Kenya’s Agricultural Sector Development Strategy (2009-2020),
and the Vision 2030 emphasizes the need for increasing productivity, commercialization
and competitiveness of the agricultural sector as well as the need for efficiency and better
management in the utilization of public resources. The ASDS aims at positioning the

agricultural sector in the lead as a key driver for delivering the 10% annual economic
8



growth rate envisioned under the economic pillar of Vision 2030. Furthermore, maize
output has expanded at a marginal rate of around 2% per year, which is lower than the
3.5% annual population growth rate. As a result, to attain self-sufficiency, maize
production must increase by more than 4%. As a result, Kenya continues to be a net
importer, with more than 40% of the population living in poverty. Furthermore, a reliance
on imports may cause development funding to be diverted to food purchases (Mutimba et

al., 2010; FAOSTAT, 2015).

According to studies, climate variability will continue to be an issue for rural
communities that rely on agricultural production. The rainfall patterns in Nyeri County
have altered, with amounts declining every 3-4 years (Karienye et al., 2012). Maize
yields in 90kg bags were 61,531,000 in 2015, 13,028,000 in 2016, 18,114,000 in 2017,
and 12,866,000 in 2018, according to a joint report by Kenya Food Security Steering
Group (KFSSG) and Nyeri County Steering Group Nyeri County, Feb (2018), indicating
variability, attributable in part to climatic hazards such as rainfall variability. In the year
2013, floods resulted in a 15% reduction in agricultural areas in Kiamathaga in Kieni
East sub-County, as well as an equal loss in maize yields (Orre et al., 2013). The maize
crop was therefore chosen because of its importance in the local diet of people in central
Kenya, notably in Kieni East sub-County, where the majority of farmers are smallholder
farmers who rely on rain-fed agriculture, as well as its extensive cultivation throughout

the country.

Understanding climatic parameters, particularly rainfall, is critical to enhancing the socio-

economic well-being of smallholder maize farmers in the sub-County. The outcomes of



the research will be used by the MoA, other policy-makers and stakeholders to develop
policies that address rainfall variability. The information will be used by smallholder
maize farmers to evaluate their adaptive tactics and develop successful techniques for
dealing with extreme rainfall variability. The findings will also serve as a foundation for
ongoing learning and the selection of farmer innovations that are likely to improve

smallholder farmers' adaptive strategies.

1.7 The Study's Scope and Limitations

The research was carried out in Nyeri County's Kieni East sub-County. The small-holder
sub-county's maize farmers were the target population. The primary goal of the study was
to examine the effects of seasonal rainfall variability on maize yields in the sub-County,
as well as to evaluate small-holder farmers' adaptive strategies. The parameters that were
examined on seasonal rainfall were rainfall onset, peaks and cessation in both MAM and
OND seasons, The study was carried out between October 29th and November 30th,
2019. A timeframe of 30 years was chosen for the study because it is a standard period of
climate change as specified by the World Meteorological Organization (WMO, 2017) and
hence long enough to detect any significant changes in rainfall as a climatic variable. One
of the study's limitations was the maize farmers' reluctance to offer precise information
on total yields from their farms, but they were promised that the study was solely for
academic purposes and that the information acquired would be held in the strictest

confidence.

Data on annual and seasonal rainfall (MAM and OND) and annual and seasonal maize
yields were similarly difficult to come by. Only data from one of the five sub-county's
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rainfall stations (Loruku farm) was used. The availability of complete data, that is, more
than 10% as recommended by the World Meteorological Organization (WMO), for 30
years, a timeframe adequate for a climatological analysis (Atheru, 1999) and relevant to
the current study, influenced station selection. Because there was no available recorded
data from the Ministry of Agriculture, Livestock, and Fisheries in the County for the
earlier years in the sub-County, annual and seasonal maize yields were analyzed for 10
years from 2009 to 2018. Other factors influencing maize yields, such as pest and disease
infestation, poor farming practices, and socio-economic concerns, were considered to be
absent in this study, while accepting that maize yields are also influenced by non-climatic

factors.

Due to data limitations, the study purposely focused solely on one climatic element,
rainfall, while excluding others and acknowledging that water, warmth, light, and air fit
within the four fundamental criteria for plant growth. The study also concentrated on the
maize crop, eliminating other food crops grown in the area, because the Kieni East sub-
County is mostly a maize-growing area. It's probable that recent climatic occurrences,
acute socio-economic challenges, as well as hopes of immediate advantages from the
study, influenced the questionnaire answers. Despite these flaws, the study's integrated
design (questionnaire, interview, and analysis of rainfall variability) provided checks and

balances that resulted in more informed responses and less subjectivity.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter presents the existing literature on rainfall variability, its effects on maize
farming, smallholder farmers' adaptation strategies to rainfall variability, and theoretical
and conceptual frameworks that demonstrate the interrelationships between independent,

dependent, and intervening variables in the study.

2.2 Intra and Inter-Seasonal Rainfall Variability

Climate change is now a fact, and its effects are being felt all across the world. Global
evidence of climate change is accumulating as a result of rising carbon emissions and
other greenhouse gases (GHG) entering the atmosphere. Climate and weather variability,
particularly rainfall variability, are projected to increase as the globe warms, with
unforeseeable consequences in many parts of the world. Climate change is increasing the
variability of inter-annual rainfall as well as the frequency of extreme events (Ojwang et
al., 2010). Changes in the frequency and severity of extreme climate events, as well as
weather pattern variability, will have far-reaching consequences for human systems
(Thornton et al., 2014). Recurrent extreme weather events have significant economic
consequences for impacted households and can lead to food insecurity, significantly
influencing the economic well-being of affected areas and limiting or impeding long-term

progress (IFPRI, 2011).
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Climate change is expected to increase climate variability, as well as the frequency and
intensity of extreme weather events in Africa and elsewhere (Muller et al., 2011;
Thornton et al., 2011; Coumou & Rahmstorf, 2012). However, when it comes to climate
change and extreme events, Africa is lacking in expertise (Herrero et al., 2010).
Droughts, which have plagued Africa for decades, have caused rural residents to adapt to
climate variability stress factors (Mertz et al., 2011). According to the IPCC (2012), an
increase in the frequency of heat stress, drought, and flooding events is predicted for the
rest of the century, with several severe implications in addition to those induced by
changes in mean variables alone. Temperatures in Sub-Saharan Africa (SSA) are
predicted to rise, as are changes in rainfall intensity and distribution, as well as an
increase in the occurrences of extreme weather events (such as droughts and floods),
pests, weeds, and disease epidemics (FAO, 2015; Connolly-Boutin & Smit, 2015). Thus,
rain-fed agriculture is likely to be increasingly impeded in many parts of Africa as a

result of increased climate-related threats.

According to Niang et al., (2014) climate variability is projected to enhance precipitation
fluctuations in East Africa. Farmers in this region have always had to contend with a
great deal of variance in rainfall, both within and between seasons, and their farming
practices have never remained consistent (Cooper & Coe, 2011). According to studies,
many farmers in Kenya and Uganda are noticing climate changes such as changes in the
commencement and termination of rainy seasons, increased rainfall variability, and
decreasing rainfall (Osbahr et al., 2011; Ogalleh et al., 2012; Simelton et al., 2013). In
studies that have explored onset over East Africa, onset and cessation are defined as the
global maxima and minima of a time series of station rainfall (Camberlin et al., 2009) or

13



an accumulation of daily precipitation anomalies (Dunning et al., 2016). The mean dates
and variability of the onset and end of rains in Kenya and Tanzania have been determined
for the two rainy seasons, long rains and short rains (Philippon et al., 2015). Camberlin
and Okoola (2003) and Mugalavai et al. (2008) investigated the start and end of rainfall
in Kenya and linked it to atmospheric, oceanic, and local factors (winds, water body,
vegetation cover and topography). The onset of the long rains has been linked to

equatorial zonal winds across Kenya and Tanzania (Camberlin & Okoola, 2003).

Climate change is already causing changes in precipitation patterns and more frequent
and irregular extreme events such as floods and droughts in Kenya (Badege et al., 2013).
Climate change and variability have sparked debate among policymakers and agricultural
practitioners about the implications for smallholder rain-fed farming (Jokastah et al.,
2013). According to Huho and Mugalavai (2010), the great majority of Kenya is
classified as ASALSs, which include the Kieni East sub-County. According to Omwoyo et
al. (2015), Kenya's arid and semi-arid counties experience significant climate variability,
which has major implications for maize yields and food security, and climate change-
related agricultural constraints range from pronounced seasonality of rainfall to severe
and recurrent droughts. As a result of these findings, Barron et al. (2003) recommended

characterizing rainfall variability at a local level as a first step in on-farm management.

In East Africa have less attention has been paid to onset and cessation than to seasonal
totals (Nicholson, 2017). According to a study by Bryan et al. (2011), farmers are more
concerned about growing variability and seasonal differences, which limits their ability to

predict rainfall patterns and plan their farming activities accordingly. Therefore the study
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of variables such as rainfall volume, rainy days, growing season duration, and frequency
of dry spells, as well as within-season and inter-season rainfall variability, has piqued
interest in the past and continues to do so now. This knowledge gap necessitated this
study to examine and provide data on inter- and intra-seasonal rainfall variability in Kieni

East sub-County, Nyeri County, Kenya, between the years of 1988 and 2018.

2.3 Effects of Rainfall Variability on Maize Farming

The agricultural sector is severely influenced by changing climatic circumstances, as
accumulating evidence reveals (Lobell et al., 2011; Khanal & Mishra, 2017), and the
severity of which is anticipated to increase in the near future, with poorer countries being
the most affected (IPCC, 2012, 2014). Climate models have been used in some studies to
project future climatic situations in order to advise policymakers about what to expect
and possibly put policies in place to address the changes that are expected to occur
(Urban et al., 2012). Long-term climate change has a huge impact on world food
production. Weather anomalies and rapid onset of extremes (dry spells, droughts, and
floods) have a negative impact on crop yields through pest and disease outbreaks
(Gornall et al., 2010), changes in soil fertility (Clair & Lynch, 2010), moisture content,
and, most importantly, water quality and resources (Malek, 2018). Furthermore, climate-
related impacts, according to the IPCC (2014), will increase the likelihood of food

insecurity and food system disruption.

Drought and heat effects on crops have been studied extensively using both empirical
(Lobell et al., 2013; Troy et al., 2015; Zipper et al., 2016), and model-based methods

(Glotter & Elliot, 2017). Despite accessible field and experimental evidence, extreme
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rainfall has received little attention (Shaw & Meyer, 2015). Rainfall unpredictability will
reduce global production of essential crops like maize, wheat, and rice (Lobell et al.,
2011; Sage et al., 2015). Heat, drought and severe rainfall have all increased dramatically
in the United States since 1980 (Mazdiyasni & AghaKouchak, 2015; Wuebbles et al.,
2017). Climate extremes have already wreaked havoc on maize production in the United
States (Lobell et al., 2013; Troy et al., 2015; Zipper et al., 2016), and they are predicted

to become more common and severe in the future (Wuebbles et al., 2017).

According to Khuram and Rasul (2011), the most basic requirement for crop growth from
planting to maturity is soil water (whose main input is rainfall). Khuram and Rasul
(2011) discovered a 61% and 60% correlation between rainfall and maize grain yield
during the vegetative and productive seasons, respectively. Total rainfall over the
growing season ranged from 135 to 530mm, which was consistent with the results. With
rainfall totals of 300mm, 277mm, and 168mm throughout the growth season, vegetative
phase, and reproductive phase, respectively, they had the highest yields. These rainfall
events with the highest yields were regarded ideal rainfall occurrences in Pakistan's

desert region.

Climate change is seen as one of the primary concerns hampering Africa's efforts to
achieve food security, due to the continent's reliance on rain-fed agriculture and
smallholder farmers' limited ability to adapt to climate change and variability (IPCC,
2014; Phirri et al., 2016). In SSA, a predominantly agricultural-based economy, small-
scale farmers account for 75% of agricultural production and 75% of employment

(Salami et al., 2010). Climate variability has been cited as a major factor in rural
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subsistence farmers' low crop yields (Kamau et al., 2011). For example, climate
variability, notably rainfall variability and related droughts, have exacerbated food
insecurity and famine in Ethiopia (Conway & Schipper, 2011; Demeke et al., 2011;
Rosell, 2011). Several studies have found that rainfall amount and distribution is the most
important factor influencing inter-annual crop output changes in Ethiopia, and that it has
had a significant impact on the country's economy and food production during the
previous three decades (Araya & Stroosnijder, 2011; Conway & Schipper, 2011; Demeke
et al., 2011). Food production must be considerably increased to feed an ever-increasing

population (Thornton et al., 2011).

The Sub-Saharan Africa (SSA) has been identified as one of the most sensitive to the
effects of climate change (Bryan et al., 2013; IPCC, 2014). Crop yields in Southern and
Western Africa could decline by 18-45% by the end of the century, with an overall mean
decline of 24 % in most of Sub-Saharan Africa, according to Waha et al. (2013), based
on three general circulation models (GCMs: MPI-ECHAM5, UKMO-HadCM3, and
NCAR-CCSM3) using the SRES A2 emission scenario. Rain-fed agriculture, particularly
in tropical and semi-arid climates, is characterized by poor crop yields that are
significantly below potential yields attainable in the location, as well as significant on-
farm water losses. Rain-fed cereal yields in tropical and semi-arid Sub—Saharan Africa,
for example, have been reported to be around 1 ton ha-* (Rockstrom, 2001), compared to
potential yields of 3-5 tons ha-* in the region (Barron, 2004). This substantial disparity
demonstrates that there is a significant opportunity to boost rain-fed agriculture crop

yields.
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According to Muga (2010), increased crop variability (deviation from the mean) is also a
major concern for farmers in Eastern Africa. Any change in climate variables has a
negative impact on the stability and availability of agricultural products (Gregory et al.,
2011). Drought at the flowering stage prevents pollination and severely reduces yield
(Schroeder et al., 2013). Warm ENSO occurrences, also known as ElI Nino occurrences,
result in exceptionally heavy precipitation in parts of equatorial East Africa, causing

flooding and reduced agricultural productivity.

Maize farming is also rain-fed in East Africa, and it is grown at a variety of latitudes,
altitudes, moisture regimes, slopes, and soil types (Livingstone et al., 2011). Small-scale
family farms grow maize mostly for domestic consumption and local markets (Erenstein
et al., 2011). The region's maize yield is very variable both spatially and temporally.
Large-scale spatial variability is explained by differences in rainfall and soil
characteristics (Harvest Choice, 2010; Smale et al., 2011; Yengoh, 2012), whereas small-
scale variability is influenced by farm management decisions such as sowing dates,
weeding, pests, diseases, fertilizer application, and tilling method. Conversely,
biophysical factors such as rainfall, soil characteristics, elevation, and floods are blamed

for small-scale variability (Sacks et al., 2010; Vyas et al., 2013; Nathan, 2014).

The inter-annual fluctuation of rainfall and temperature, which results in recurrent
droughts in the region, is a key determinant of maize yield temporal variability
(Magehema et al., 2014). This wide range of yields emphasizes the importance of
assessing and monitoring yields throughout the growing season. According to Zhao et al.

(2013), the most sensitive stage of the maize crop when soil moisture must remain
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optimal is during the reproductive stage, which is very prone to water stress. When the
amount of water lost in the soil exceeds the amount absorbed, maize yields may be
reduced. When a large amount of water is lost, the maize crop will be unable to absorb
nutrients from the soil, resulting in the plant's weakness and vulnerability to pests and
diseases. The result is either a total crop loss or a reduction in maize output (Sheng et al.,
2014). East Africa has larger inter-annual rainfall variability than other tropical regions
with similar average climatic conditions (Camberlin, 2010). In addition to inter-annual

variability, intra-season variability can affect crop output (Cooper et al., 2008).

Kenya's rain-fed food yields are anticipated to plummet by half by 2020 (Ojwang et al.,
2010). Due to rainfall variability, Kenya was projected to continue to lose output of
important commodities such as maize across the country (Herrero et al., 2010). In Kenya,
studies of the influence of climate change on crop productivity have focused on the
implications of climatic means, rather than individual climate variables like as rainfall
(Bilham, 2011; Cheserek, et al., 2015). In some locations, rainfall variability, especially
the severity and frequency of extreme events, is predicted to increase, and such changes
are anticipated to have a greater negative effect on crop yields than changes in climate

alone (Rowhani et al., 2011).

Rainfall variability, according to Herrero et al., (2010), decreases the output of not only
staple food crops like maize, but also other significant crops like tea, sugarcane, and
wheat. Rainfall is significant in farming because it is a signal of long-term changes in the
climatic system. The pattern of rainfall, on the other hand, is more important to farmers

(Falaki et al., 2013). Furthermore, different roles played by intra-seasonal and inter-
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annual rainfall variability on crop production fluctuations in the tropics in general, and
East Africa in particular, and so therefore in the study area, remains poorly understood. It
is for this reason that this region must be prioritized in terms of research. As a result of
this gap, this study therefore sought to empirically determine the effects of seasonal
rainfall variability on maize yields by smallholder farmers in Kenya's Kieni East sub-

County, Nyeri County.

2.4 Smallholder Farmers Adaptive Strategies to Rainfall VVariability

Adaptation to climate variability refers to system changes that reduce the negative effects
of climatic variability while maximizing the beneficial effects. Communities have been
adapting to climate change for a long time using indigenous knowledge, but most of these
adaptations are discrete and reactive (UNDP, 2010). Sustainable adaptation methods have
long been recognized as a way to mitigate the detrimental effects of climate variability on
agricultural production (Kabubo-Mariara, 2007). Sustainable adaptation strategies are
derived from the United Nations' Sustainable Development Goals (SDGs) 2 and 13,
which address zero hunger and climate action, respectively. The primary areas of concern
for the two SDGs are food productivity and climate resilience initiatives. The essential
characteristics of adaptation are three pillars: dependable, affordable, and acceptable

practices.

Adaptation actions can be divided into two broad categories (Vermeulen et al., 2013): i)
practices that have evolved over time as a result of farmers' long-term experiences in

response to perceived impacts, and ii) planned adaptations to current and future climate
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change, such as integrated packages of improved agricultural technologies like breeding,

agronomic practices, and policy options.

Globally, technical advancements have given farmers the ability to adjust to climate
constraints and opportunities through time. Farm households employ adaptive strategies
to environmental and socio-economic changes as part of their production and
consumption decisions based on their long-term experiences and subjective risk

assessments (Thornton et al., 2010).

Climate adaptation strategies can alternatively be classified as autonomous or self-
contained, and planned or public-sector adaptation plans. Non-state actors such as
farmers, communities, organizations, and/or businesses engage in private adaptation
strategies in response to the effects of climate variability. Switching crops, modifying
planting dates, engaging new management methods for a certain climate regime,
modifying irrigation systems, and adopting various farming technologies are all examples
of sustainable adaptation strategies, according to Bruin (2011). Public adaptation involves
actions taken by local, regional and/or national government to provide infrastructure and
institutions to reduce the negative impact of climate variability. Development of new
irrigation infrastructure, transportation or storage infrastructure, land use arrangements
and property rights, and water shed management organizations are all examples of public

adaptation strategies (World Bank, 2010).

Climate change and fluctuations have a significant negative influence on Sub-Saharan
Africa (Niang et al., 2014). Increased temperatures, along with irregular rainfall and

uncertainty about when the rains will arrive, have serious consequences for millions of
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people's livelihoods (Dube et al., 2016). This variability will worsen current
vulnerabilities and offer issues for many rural households unless proper adaptation is
made (IPCC, 2014). Varied asset bases can lead to divergent adaptation techniques across
households in a single community, according to studies (Jain et al., 2015). Replanting,
selling assets, reducing consumption, and borrowing assets are popular techniques used
by poorer people to alleviate the effects of drought, floods, and pest and disease impacts
(Tongruksawattana, 2013). Adaptive capability will play a big role in people's ability to
maintain food security in the face of climate and weather changes. The relationship
between risk perception, socio-economic restrictions, and adaptation activity has not been
fully examined in Sub-Saharan Africa, a knowledge gap that necessitated this study.
Understanding the decision-making process of farmers is critical for forecasting future

behavior and appreciating the factors that influence the process (Le Dang et al., 2013).

In most parts of Kenya, smallholders see rainfall variability as a threat to agricultural
productivity (Bryan et al., 2013). Semi-arid regions, such as Kitui County, for example,
are particularly vulnerable to rainfall variability because a large population is less able to
buffer and recover from climate stress (Oremo, 2011). Lack of resources, poor water
access, and a lack of awareness are all important impediments to the adoption of more
expensive farming practices (Bryan et al., 2013). Diversification with cash crops,
according to Herrero et al. (2014), can be a crucial intensification strategy for
smallholders as the socio-economic backdrop changes and land size and labor costs
reduce. Adjustments in planting dates (Ogalleh et al., 2012; GoK, 2013) are commonly
applied, however, changes in water or land management strategies, such as building an
irrigation system or agro-forestry, are underutilized (Kristjanson et al., 2012; Bryan et al.,
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2013). Age, gender, agricultural experience, and education have all been found to have an
impact on the adoption of specific adaptation strategies (Below et al., 2014). Cultivating
high-value crops in mixed farming systems may allow farmers to take advantage of high
market prices during dry seasons, raise their income, and improve their drought resilience
(Waha et al., 2013). Such solutions, however, are confined to places with sufficient water
supply and irrigation infrastructures (Claessens et al., 2012). In this sense, adaptive
measures have a lot of geographic variety between countries, regions, systems, and
groups. This undercuts the significance of taking local level issues into account when

researching adaption solutions (Ogalleh et al., 2012; Below et al., 2014).

Kenya's government realizes that adaptation to climate change is the country's top
concern. When it comes to national food security, the agriculture sector, in particular,
plays a critical role (GoK, 2013). In order to maintain recent positive agricultural growth,
defend the national economy, and protect rural lives, a number of initiatives, programs,
and governmental entities have been established, one of which is the National Drought
Management Authority (NDMA), which was established in 2011. Special attention is
given to drought impacts in arid and semi-arid lands (ASALs), which are highly
vulnerable to climate change impacts and host 30% of the country’s population (GoK,

2013).

Although these strategies exist on paper, the benefits have not yet reached the majority of
smallholder farmers in Kenya. Many of these national strategies have been criticized for
being unable to incorporate already existing knowledge and technologies at local level

(Ogalleh et al., 2012). Adaptation to climate variability requires that households
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appreciate that there exists climate variations and recognize useful adaptation options,
choosing among a wide range of strategies at their disposal. As a result, households in the
same geographical location utilize different adaptation strategies in response to climate
variability (Micah & Absalom, 2014). Simultaneously, there is a substantial body of
literature devoted to the effects of climate change on individual crops at the field scale
(Thornton et al., 2010; Rurinda et al., 2014). The goal is to generate generalizable data
that can be used by adaptation planners to encourage broader adoption of better farming
techniques. Investing in adaptation measures at the national, county, and local level is,
nevertheless, critical. More research is needed to determine how agricultural policies aid
or hinder smallholder farmers' ability to adjust to climate change and rainfall variability

(Lal et al., 2015).

Climate change impacts and adaptation options are frequently assessed using aggregated
data from country or regional levels in research (Wood et al., 2014). Furthermore,
scientific literature rarely addresses climate change perception as it relates to adaptive
behavior at the individual farm level. With the right adjustments at the home level, food
yield can be increased (Di Falco & Veronesi, 2013; Di Falco, 2014). This study was
inspired by the urgent need for micro-level data to enable policy-makers and extension
officers to adapt national programs to local realities and promote targeted interventions.
Thus, the study south to fill this gap by assessing the existing adaptive strategies of the
small-holder maize farmers in Kieni East sub-County to the effects of seasonal rainfall
variability, as it is the micro-level decision-making of smallholder farmers that matters in

boosting maize yields.
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2.5 Theoretical Framework

The resilience theory underpins the research. The term 'resilience’ was coined in the
1970s in the field of ecology from the research by Holling (1973), who described it as "a
measure of persistence of systems and their ability to absorb change and disturbance
while maintaining the same correlations between population or state variables” (Holling,
1973). The ability to adapt successfully in the face of danger or calamity is referred to as
resilience. Some variables of resilience that are relevant in this study are adaptability,
perseverance and a high tolerance of uncertainty. Resilience in social systems has
increased people's ability to plan for the future. Humans are a part of the natural world,
and because environmental changes are unavoidable, they devise coping methods to
ensure their survival. According to the theory, it is not the form of hardship that matters,
but how we respond to it. Resilience helps us bounce back when we experience hardship,
tragedy, or frustration. It enables us to survive, recuperate, and even thrive in the face of
adversity. Ethnicity, color, gender, age, and economic status, among other things, all have
an impact on resilience. This results in a variety of responses as well as adaptive
strategies in the face of adversity. To respond successfully to a hazard effect, a
community requires social, institutional, and informational resources (Zhong et al.,

2010).

He goes on to define it as a system's ability to absorb disturbance and reorganize itself
while changing while maintaining essentially the same purpose, structure, and identity. A
disaster-resilient nation is one in which communities develop adaptive techniques to
sustain vital community services and recover swiftly when big disasters occur, as a result

of mitigation and pre-disaster planning. Initially, livelihood plans are formed in response
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to catastrophic events that farmers must deal with (Morton, 2007). Some of these
solutions gradually become part of the farming system's DNA, reducing overall

vulnerability to variability (Morton, 2007).

Inter-annual rainfall variability and the frequency of extreme events are growing as a
result of climate change (Ojwang et al., 2010). Repeated extreme weather occurrences
can have significant economic consequences for impacted households and lead to food
insecurity. Natural dangers abound in the Kieni East sub-County of Nyeri County,
Kenya, and the most common of which being adverse weather change (GoK, 2010).
Maize represents about 90% of the population's staple diet, and it is grown in rain-fed
circumstances. Increased frost, extended wet seasons, pests and diseases, and protracted
drought are all examples of climate extremes in the research area, according to MoALF
(2016). Agricultural activities follow rainfall patterns, especially in tropical regions
(Huho et al., 2012), and with amounts decreasing every 3-4 years (Karienye et al., 2012),
maize yields are significantly affected in Nyeri County, and therefore in Kieni East sub-

County.

As a result, this study sought to examine inter and intra-seasonal rainfall variability as the
independent variable, with a particular focus on parameters such as seasonal rainfall
onset, peak, cessation, rainfall amount, and their effects on smallholder farmers’ maize
yields as the dependent variable. It also assessed the farmers' adaptive strategies as the
intervening variables, such as early planting, soil and water conservation, and
management methods, all of which are crucial in increasing maize yields, as an indication

of adaptability, perseverance and a high tolerance of uncertainty to seasonal rainfall
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variability. The study is in keeping with the National Climate Change Response
Strategy's (NCCRS) goals of improving Kenyans' abilities to deal with climate change
concerns and ensuring a climate-resilient nation. This would help Kenya accomplish the
Millennium Development Goals (MDGs), as well as Kenya's Vision 2030, which aims to
improve local environmental resource management and rural livelihoods that are resilient

to rainfall variability.

2.6 Conceptual Framework

The independent variable in this study was rainfall variability, and the dependent variable
was maize yield in 90kg bags per acre in Kieni East sub-County. The study examined the
inter- and intra - seasonal rainfall variability, using rainfall onset, cessation, peak months,
and total rainfall amount as parameters, as well as their effects on maize yields during
both short and long rains. It also evaluated how small-holder maize farmers adopted to
the effects of seasonal rainfall variability, which were the adoptive strategies. The
adaptive strategies include early planting, soil and water conservation and management
methods, drought-tolerant crop planting, irrigation, intercropping, crop rotation, manure
and fertilizer use which are essential factors in increasing maize yields. Intervening
factors include socio-economic factors, pests and diseases, environmental factors,
institutional and legal framework and storage which play a part in influencing maize

yields.
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Figure 2.1: Conceptual framework on the effects of seasonal rainfall variability on

maize farming

Source: Adapted and modified from Kiprono (2009)
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Introduction
The research design, study area, sampling techniques and procedures, data collection

techniques, data analysis, and ethical considerations are all covered in this section.

3.2 Description of the Study Area

3.2.1 Location of the Study Area

The research was carried out in Nyeri County's Kieni East sub-County.
Narumoru/Kiamathaga, Kabaru, Thegu, and Gakawa are the four wards that make up the
sub-County. It has a population of 96,500 persons and 29,012 households (KNBS,
2010).The study used the 2010 population data because the population census of the year
2019 had not yet been done by the time the study was carried out. It is expansive,
covering an area of 817.1 km? (GoK, 2013). The sub-County is located between latitude
0° 00" and 0°24' S and longitude 37° 00" and 37° 12' E. According to the study area map
Fig 3.1, it borders Meru central sub-County to the north, Mathira sub-County and Nyeri
municipality to the south, Mt. Kenya to the east, and Kieni west sub-County to the west.
The size of the land per household varies by sub-County, but averages 2 hectares

(Jaetzold et al., 2007).
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Figure 3.1: Map of the study area showing study sites

Source: (ESRI, 2017).

3.2.2 Land Tenure System, Climate and Soils

The majority of the farms are small scale and land ownership is primarily freehold.

Rainfall patterns dictate the growing seasons, with two different rainfall seasons

happening between March and May (MAM) and October to December (OND), with

average annual rainfall ranging from 500mm to 850mm (MoALF, 2016). Tropical-

Alpine, Upper Highlands, Lower Highlands, and Upper Midlands are the four primary
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agro-ecological zones identified by Jaetzold and Schmidt (2007) in the study area. It
should be noted that these agro-ecological zones are mainly based on climatic data with
limited considerations on soil condition; hence hardly any coffee and tea are grown in
Kieni (Wamicha, 1993). The altitude rises between 1500m at Kiganjo, which is the
lowest area, and 2400m at Kabaru forest reserve. The driest areas are Kiganjo and
Naromoru within the agro-climatic zones V and V1 respectively. The soils are complex
due to influence by variations in relief, climate and underlying rock types. The major
soils include the fibric histosols, humic andosols, humic nitosols, luvic phaenozems as

well as vertisols, fluvisols and gleysols (Sombroek et al., 1982).

3.2.3 Economic Activities of the Area

Maize is the most commonly grown food crop, and it is regarded as a crucial staple food
by the population, accounting for 80% of the food supply in the form of coarse grain and
flour. Other crops grown include beans, potatoes, and wheat. Beans are the second most
important food crop after maize, and they are traded throughout livelihood zones.
Potatoes are grown all year in rain-fed conditions for both commercial and subsistence
needs, accounting for 60% and 40% of total production respectively, according to the
Kenya Food Security Steering Group (KFSSG) and the Nyeri County Steering Group
joint report in February (2018). Wheat is grown for both household use and income,
although it is currently suffering from moisture stress throughout the blooming and
booting periods. Irrigated horticulture is primarily practiced in the upper mixed farming
areas that border Mt Kenya, and because water sources have been flowing at or below
base levels, most plots are experiencing moisture stress, prompting most farmers to
switch to more stress tolerant crops such as kale and spinach from cabbages.
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3.3 Research Design

A mixed research design was used in this study. The goal of using qualitative and
quantitative approaches in a mixed research design was to broaden and heighten the
study's knowledge and validity (Schoonenboom & Johnson, 2017). Furthermore, studies
that use both techniques have been shown to be more inclusive than studies that only use
one (Creswell & Plano, 2011). This strategy ensured that enough data and information
was gathered. The information gathered helped to explain the effects of rainfall

variability on maize yields in Nyeri County's Kieni East sub-County.

3.4 Sampling Procedures and Sample Size

The term "population” refers to a large collection of people or elements who share at least
one characteristic (Kombo & Tromp, 2009). The requirement to have it manageable
enough and obtain detailed data at an acceptable cost in terms of time, money, and human
resource are the primary aspects to consider when establishing the sample size
(Neumann, 2000). The researcher purposively targeted smallholder maize farmers in
Kieni East sub-County in Nyeri County, with 29,012 households as illustrated in Table
3.1; since most farmers are actively involved in maize farming as it is their major staple
food. Using the Nassiuma (2000) formula, which employs a coefficient of variation (c) in
the range of 21% to 30% and a standard error (e) in the range of 2% to 5%, the estimated
sample size was 223 smallholder maize farmers from the target population. The sample
was wide enough to justify the results being generalized for Kieni East sub-County,
hence a 30% coefficient of variation was adopted as the upper limit. A standard error of
2% was used to ensure that there was minimal error. To cover all of the wards and stratify

the samples, the study used stratified random sampling. An independent random sample
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size equivalent to the size of each stratum was taken from each stratum. Nassiuma's
(2000) formula was used to calculate the sample size for each stratum, and the sample
was made up of households. Proportional allocation was used to determine the number of
farmers from each ward who participated in the study. Table 3.1 shows the proportionate
distribution of respondents, and after the interval was set, the actual respondents were
chosen from the wards using systematic random selection. Personnel for in-depth
interviews were picked from KMD personnel, MOA, local administration, and extension
agricultural officials from each ward through a process of purposive sampling. The

sample size formula is as shown below;

n= NC%C%*+ (N-1) e n= the sample size, N= the households size (29,012), C= the

coefficient of variation (30%), e= the margin of error (2%).

_ 29012x0.32 _ 993

~0.32+ (29012 — 1)0.022
Table 3.1: Sample Size Distribution
Location Households (N) Sample (n)per ward %
Narumoro/kiamathaga 9976 9976/29012*223=77  77/223*100= 35
Kabaru 6205 6205/29012*223=48  48/223*100= 21
Thegu 4734 4734/29012*%223=36  36/223*100= 16
Gakawa 8097 8097/29012*223=62  62/223*100= 28
Total 29012 223 100

Source: KNBS, (2010)
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3.5 Data Collection

Data was collected over a one-month fieldwork period between October 29th and
November 30th, 2019, and included both qualitative and quantitative data. Primary and
secondary data were used to compile this report. Household structured questionnaires and
in-depth interviews were used to collect primary data. There were both open-ended and
closed-ended questions on the surveys. The open-ended questions were chosen to
sensitively handle bias-prone areas including farmers' views of seasonal rainfall
variability. Closed-ended questions were used to measure rainfall variability and
adaptation mechanisms. The emphasis was placed on a logical order of questions as well
as clear and specific wording in order to facilitate comprehension and translation of the
questions. Furthermore, according to Mayer (2008), after 40 minutes to an hour,
interviewees' focus and desire to answer questions starts to wane, therefore the interviews
lasted about 30 minutes. Secondary data on annual and seasonal rainfall, annual and
seasonal maize yields, and adaptive strategies was gathered from both published and
unpublished publications. This strategy ensured that enough data and information was
gathered which helped to explain the effects of seasonal rainfall variability on maize

yields in Nyeri County's Kieni East sub-County.

3.5.1 Primary Data

Structured questionnaires as indicated on Appendix 1 were administered to randomly
selected smallholder maize farmers and used both open-ended and closed-ended
questions. This was in order to establish the general information of the farm
characteristics, socio-economic characteristics, rainfall distribution and availability to the

maize crop and the socio-economic effects of seasonal rainfall variability to maize yields
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as well as the farmers’ current adaptive strategies. llliterate farmers were assisted in
filling the questionnaire after being explained the rationale behind the research. A list
containing names of all the farmers in the four wards was generated and systematic
random sampling technique was used to identify the specific respondents per ward. The
number of respondents sampled per ward were Naromoru/Kiamathaga (77) , Kabaru (48),
Thegu (36) and Gakawa (62). This method was unbiased, providing a random chance to

any of the respondents to answer the questions.

In-depth interviews using interview schedules as shown through appendix 11-VI of other
key informants like senior officers, one from KMD, 4 extension agricultural officers as
well as 3 local administration officers who were purposively sampled were also
conducted to provide relevant data related to the research topic. This was in order to
obtain detailed information about a particular issue. This enabled the study to generate
qualitative and quantitative data that provided the perception of the problem of seasonal
and temporal rainfall variability in relation to other socio-economic challenges. The
results of the in-depth interviews were compared to the results from the household

surveys, and literature review for consistency.

3.5.2 Secondary Data

Data was acquired from secondary sources, including rainfall characteristics from the
Loruku farm rainfall station, where monthly and annual rainfall data was acquired in
Kieni East sub-County between 1988 and 2018, as indicated in appendix (V1), utilizing a
rainfall data collection sheet as indicated on appendix (V). The information was recorded

on a summary sheet. The Kenya Meteorological Department (KMD) in Nyeri provided
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rainfall data, which was used to examine trends in total annual rainfall, seasonal rainfall,
and within-season characteristics such as rainfall onset, cessation, and peak months for
the MAM and OND seasons. Rainfall was chosen because it is the most important
climatic parameter critical for small-scale farmers' survival, particularly in relation to
crop growth (AGRA, 2014), and because it, along with temperature, has the longest and
widest data coverage in the country, and is the most common climatic variable

considered in many studies in SSA (Ochieng et al., 2016).

Annual and seasonal maize yields data was obtained from the Ministry of Agriculture,
Livestock and Fisheries, Nyeri County, for the last 10 years since there was no maize
yields data available before year 2009, and from the Nyeri County Annual Progress
Report as well as a Joint Report by Kenya Food Security Steering Group (KFSSG) and
Nyeri County Steering Group, February (2018). Data was also obtained on the total
number of households in every ward, and on the existing adaptive strategies of the small
holder maize farmers to the effects of the seasonal rainfall variability from the Nyeri
County Integrated Development Plan 2013-2017 and 2018-2022 and other County
abstracts, KNBS (2010), unpublished reports, journals and periodicals, books and

government reports.

3.6 Pilot Study

A reconnaissance and pilot study were prerequisites to the study. The reconnaissance was
used to determine the number of rainfall stations in the sub-county and also provided an
understanding of the administrative units of the sub-county, the general physiography and

transport network of the area. This provided critical information on planning for data
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collection and also enabled the researcher to be able to identify and recruit research
assistants with the help of the local administration. The researcher was also able to seek
permission from the governor’s office and from the County commissioner where the
study was conducted. The County Ministry of Agriculture personnel, the local
administration officers and the Meteorological personnel were also visited so that the
researcher could introduce herself and get acquainted with them since they were involved
in the research. Sampling of the farmers households was done during this period. The
pilot study was carried out in Mweiga ward in Kieni west sub-county which has similar
climate as in the study area also involved pre-testing the questionnaire so as to determine

its reliability and to adjust or clarify some questions that were not clear.

3.7 Validity and Reliability

3.7.1 Validity of the Questionnaire

Using simple random sampling, a pilot research was conducted with small-holder maize
farmers from the surrounding maize-growing sub-County. A total of 23 smallholder
maize farmers were chosen for this study, accounting for 10% of the total study sample
size of 223 people. Piloting the study instruments, according to Mugenda and Mugenda
(2003), necessitates a sample of 10% of the overall study sample. The aim was to reduce
item ambiguity, identify problems with data instrument administration, test data
collection instruments, estimate the response rate and duration of an interview, determine
the study's feasibility, and correct any procedural issues. The research's objectives and
potential to improve the status of smallholder maize farmers were explained, as well as
the importance of incorporating the farmers as much as possible in the data collection

process.
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Thorough background literature review was conducted before, during and after the
fieldwork period. The Kenya Meteorological Department-Nyeri provided rainfall data for
five rainfall stations in the Kieni East sub-County. The data was scrutinized in order to
look for missing data as well as inaccuracies. Loruku Farm was chosen for the study
because it had no missing data based on a low percentage of missing data (less than 10%
for any given year, as specified by the World Meteorological Organization (WMO,
2017). This is due to the fact that the person involved was always available to collect
data. Three rainfall stations, Kabaru Forest station, Gathiuru Forest station, and
Naromoru met station, were not used since they are located within forests where maize
farming is not carried out. Munyaka rainfall station had rainfall data starting from 1991
and with several gaps with the missing data amounting to 16.1%, more than the 10%

recommended by the WMO.

3.7.2 Reliability of the instrument

According to Mugenda and Mugenda (2003), research equipment should produce
consistent results when tested repeatedly under similar settings. The Cronbach's Alpha
reliability test was used to verify the consistency of the measuring instrument in returning
the same measurements when utilized at different times. This reliability test calculates
internal consistency by looking at how test items relate to each other and to the entire test
(Gay, 2009). Internal consistency is regarded adequate when the Alpha index is 0.7 or

higher (Nichols, 2004). The following is the formula:
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Where;

N=the number of items

C=average covariance between item pairs
v=average covariance

3.7.3 Response rate

Out of the 223 questionnaires administered, 217 were filled and returned, which
represented 97% of the response rate and was considered satisfactory to make
conclusions for the study. This high response rate can be attributed to a 3-day training of
the enumerators prior to data collection which included introduction to the questionnaire,
translation of sensitive questions, role games, a pre-test with 23 farmers, and data
collection procedures, whereby the objectives of the research and its potential to improve
the existing situation of the smallholder maize farmers were explained. The researcher
and three research assistants administered the questionnaires and collected the filled ones
after one week. According to Mugenda and Mugenda (2003), a 50% response rate is

adequate, 60% is good and above 70% response rate is very good.

3.7.4 Normality

The Shapiro-Wilk test was used to evaluate if the sample size was chosen from a
regularly distributed population (1965). It's one of the most extensively used diagnostic
tests for normalcy assumptions. It has high power attributes and is based on correlation

within given data and associated normal scores (Keya & Rahmatullah, 2016). Since the
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Shapiro-Wilk test (w-value) was more than 0.05, the study was considered acceptable.

The formula is as follows:

\ 2
n -
(Zi:l a'i'l'{i])

n’ o n ¢ -9
Yo alds —T)*

Where;
The X are the ordered sample values (X is the smallest) and the a; are constants
generated from the means, variances and covariances of the order statistics of a sample of

size n from a normal distribution.

3.7.5 Data Consistency Tests

3.7.5.1 Consistency of Rainfall Data

To test the consistency of the rainfall data, the researcher drew a mass curve. A single
mass curve with a straight line implies data homogeneity. The resultant R-square value
was found to be 0.9993, which is quite close to 1, based on the trend line illustrated in
Figure 3.2. This demonstrates that the rainfall data was consistent and hence suitable for

further investigation.
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Figure 3.2: Cumulative Annual Rainfall Trend (1988 — 2018)

Source: Field Data, 2019
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3.7.5.2 Consistency of Maize Yield Data

The study plotted a mass curve to determine the consistency of the maize yield data.
From the trend line as shown in figure 3.3, the resultant R-square value was found to be
1. This shows that the maize yield data was consistent and therefore fit for further

analysis.
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Figure 3.3: Cumulative Annual Maize Trend (2009 — 2018)

Source: Field Data, 2019

3.8 Data Analysis

The data from the questionnaires was cleaned, coded, and entered into a computer to be
analyzed. The rainfall data was analyzed using trend analysis for objective (i). The data
was divided into months to allow for seasonal variation analysis. Annual and seasonal
rainfall variability, estimation of the commencement and cessation of seasonal rainfall,
and peak months for the MAM and OND seasons were all evaluated using the rainfall
data, which was also used by Ekwe et al. (2014). The annual and seasonal rainfall trends
were also analyzed using running means .Running means is often used to illustrate
climatic trends by temporally smoothing data .1t is calculated by finding a number of

successive means, each mean incorporating the same number of observations. Each
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successive mean will drop first value of the mean interval and add the next value in the
dataset to the next mean interval. It tends to damp out extreme values and highlights the
movement of data with time. To obtain annual and seasonal rainfall anomalies, the
researcher employed the means, standard deviation, coefficient of variation, and
variability indices. A common measure of the dispersion of data points around the mean
is the coefficient of variation. Mzezewa et al. (2010) also used the coefficient of variation
for seasonal rainfall. Anomaly is defined as a divergence from the long-term mean of
annual or seasonal rainfalls (Juma, 2015). Rainfall data series with coefficients of
variance more than 30% suggest a great deal of variation in rainfall amounts and patterns

(Araya & Stroosnijder, 2011; Thornton et al., 2014).

The maize yield data for the MAM and OND seasons were analyzed for trends for
objective (ii). Individual maize yield data for the MAM and OND seasons were shown to
vary about their long-term mean value using the coefficient of variation and variability
index. T-test statistics were used to determine the statistical significance of the variability
and change from the mean. A T-test is a statistical test that shows deviations of sample
means from the population mean (Madukwe, 2015). The use of a t-test was necessitated
by the fact that the sample population (rainfall data) was drawn from a variety of

environments (seasons) (Shaw & Wheeler, 1985).

The Pearson's correlation coefficient was used to determine the correlation between
annual and seasonal rainfall variability and maize yields in order to achieve objective (ii).
When Pearson’s r is close to 1, it indicates that two variables have a strong relationship
and that changes in one variable are significantly associated with changes in the other.

When Pearson's r is near to 0, it suggests that the relationship between two variables is
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weak and that changes in one variable are unrelated to changes in the other. A positive
Pearson's r means that as the value of one variable rises, the value of the other rises as
well, and vice versa. A p-value of less than or equal to 0.01 is statistically significant,
indicating strong evidence against the null hypothesis, and so the null hypothesis is
rejected. The statistical significance of the variability and change from the mean was

determined using T-test statistics.

For objective (iii), content analysis was used on the questionnaires to assess the existing
adaptive strategies the farmers are using in response to seasonal rainfall variability in
Kieni East. Leedy and Omrod (2013) confirm that content analysis is a meticulous
methodological evaluation of the content of a specific form of material with an intention
to identify a preconceived notion. This entailed categorizing both coded and uncoded
data and sorting information based on relevance and trustworthiness. SPSS software
version 20 and Microsoft Excel 2010 were used to code and analyze the farmers'
responses to the questionnaire. A SWOT analysis was performed on the maize farming
environment in Kieni East sub-County to assess the strengths, weaknesses, opportunities,

and threats associated with the farming area. The summarized data was represented using

tables, pie charts, percentages, means, frequencies, standard deviation, and bar graphs.
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Table 3.2: Data Analysis Matrix

Objective Variable Statistical Techniques

To determine the inter and Rainfall trends | Descriptive statistics:

intra seasonal rainfall Trend analysis, Running means
variability in Kieni East sub- Mean, mode, variability index,
county between 1988 and standard deviation, coefficient of
2018 variation

To analyze the effects of Maize yields Descriptive statistics:

seasonal rainfall variability on | Rainfall Trend analysis

smallholder maize farming in | variability Running means, variability index
Kieni East sub-County Inferential statistics;

between 2009 and 2018 Pearson’s correlation

To assess the existing Adaptive Descriptive statistics:

adaptive strategies to the strategies Measures of central tendency and
effects of seasonal rainfall dispersion

variability by smallholder Content analysis

maize farmers in Kieni East SWOT analysis

sub-County

3.9 Ethical Consideration

The researcher received an introductory letter from Kenyatta University, which was used
to apply for a research permit from the National Council of Science, Technology, and
Innovation (NACOSTI), as shown in Appendix VIII, as well as permission from the
Nyeri County agricultural offices, as shown in Appendix (1X), and the Nyeri County
Commissioner's office, as shown in Appendix (X). As a result of these considerations, the
researcher was able to acquire entry to the field. The researcher then went to the study
area to meet with farmers, Nyeri County Ministry of Agriculture officers, local
administration officials, Agricultural Extension Officers in the four wards, and officials

from the Nyeri County Kenya Meteorological Department Station. The key informants
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were informed in advance about the purpose of the study. 223 small-holder maize farmers
participated in the study and filled out questionnaires. Honesty and objectivity were
maintained throughout the data collection, analysis, interpretation, and presentation. The

information obtained from respondents was kept in strict confidence.

45



CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1 Introduction

In this chapter, the study's findings are presented and discussed. The discussion is
separated into three parts based on the findings of specific objectives. The first section
discusses annual and seasonal rainfall trends, as well as variability and aspects of rainfall.
The second section covers annual and seasonal maize yield trends, variability in annual
and seasonal maize yields, seasonal and annual rainfall trend analysis against maize
yields, and the correlation between rainfall trends and maize yields. The SWOT analysis

of the study area is discussed in the third section.

4.2 Rainfall Trends

4.2.1. Annual Rainfall Trend

A trend is a substantial change in a random variable over time that may be detected using
statistical parametric and non-parametric approaches (Longobardi & Villani, 2009).
Figure 4.1 demonstrates that annual rainfall quantities in Kieni East sub-County, Nyeri
County, have decreased from 1988 to 2018, as evidenced by a negative gradient (-0.991)
in the trend line. The wettest years were 1997 (1308.5mm), 2003 (908.4mm), 2010
(856mm), and 2015 (1021mm), which happened to coincide with ElI Nino-related high
rainfall episodes in Kenya at the time. Dips, on the other hand, were seen in 1991
(582mm), 1993 (579.5mm), 2000 (519.6mm), 2008 (698.75mm), and 2016 (584.9mm),
all of which coincided with drought spells in Kenya caused by La Nina. The average

annual rainfall from 1988 to 2018 was 780.07 mm, with a standard deviation of 156.38
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mm and a 20 % correlation of variation. Annual rainfall amounts in Nyeri County's Kieni
East sub-County have fluctuated at random, as seen by the oscillations. Rain-fed maize
growing could be risky due to the considerable variability of rainfall. If farming activities
aren't timed properly, crops could suffer from moisture stress, leading to a decrease in
yields. The study's findings are consistent with those of Shisanya et al. (2011) and
Omwoyo et al. (2015), who found that high rainfall variability has harmed ASALs in
Kenya, as well as Limantol et al. (2016) and Mutunga et al. (2017), who documented

farmers' views of an overall decline in rainfall.

Furthermore, Kenya has seen variability of rainfall over the last decade, as a result of El
Nino and La Nina events (Parry et al., 2013). In a study conducted in Swaziland by
Mamba et al. (2015), rainfall was identified to be the most important element in farming.
Farmers face a significant problem due to its variability. It makes rainfall exceedingly
unpredictable, which causes farmers to be perplexed. Seasonal rainfall has exhibited
significant inter-annual changes throughout East Africa and the Mount Kenya region,
notably during the short rains (Camberlin, 2010). Low rainfall persists, putting people's
livelihoods at jeopardy. As a result, farmers in the Kieni East sub-County have learned to
farm in methods that partially compensate for such changes, such as early planting,
replanting due to ‘false' start of seasons, and water harvesting, among other things, in

order to reduce their risk.
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Figure 4.1: Annual Rainfall Trend (1988 — 2018)

Source: Field Data, 2019

Running means were also calculated at 5-year intervals by the researcher. Sinha et al.
(2015) used the running means, also known as the moving average, to investigate the
patterns and oscillations in Indian summer monsoon rainfall over the last two millennia.
The use of running means aided in the smoothing of the curve for random data, as seen in
Figure 4.1, which depicts the annual rainfall trend from 1988 to 2018. According to the
data in Figure 4.2, there was an increase in average annual rainfall from 1996 to 2001,

which coincided with EI Nino-related high rainfall events in Kenya during that time.
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Figure 4.2: Five Years Running Means for Annual Rainfall (1988 — 2018)

Source: Field Data, 2019
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4.2.2 Seasonal Rainfall Trends (Long Rains) (MAM)

The findings in Figure 4.3 revealed that rainfall amounts in Kieni East sub-County in
Nyeri County decreased during the long rains season (MAM), as evidenced by a negative
gradient (-0.5162) in the trend line. Peak rainfall values of 361mm were recorded in
1997, 2003 (439mm), 2006 (368.5mm), 2015 (336mm), and 2018 (427.8mm),
corresponding with El Nino-related high rainfall periods in Kenya since 1988 of 1997/98,
2002/2003, 2008/2009, and 2013/2014. Dips, on the other hand, were seen in 2000
(130.3mm), 2012 (162mm), and 2016 (127.4mm) due to low rainfall amounts during the
season. Since 1988, Kenya has experienced droughts associated to La Nina in the years

1991/1992, 1995/1995, 1999/2000, 2004/2005, 2008/2009, and 2010/2012.

In the period from 1988 to 2018, the average quantity of rainfall during the long rains
was 260.86 mm, with a standard deviation of 84.49 mm and a 32% correlation of
variation. The oscillations demonstrated that rainfall levels in Nyeri County's Kieni East
sub-County changed randomly during long rains, with the trend showing decreasing
rainfall volumes. According to Nicholson, (2017) long rains are consistently less
predictable at the seasonal scale in East Africa, with fewer linkages to predictable large-
scale coupled Sea Surface Temperatures (SST) processes. Despite the fact that the
Madden-Julian Oscillation, the Quasi-biennial Oscillation, and SSTs in the northwest
Indian Ocean have recently been proven to generate a significant part of inter-annular
variability, for example, the long rains of 2013 were delayed by two weeks in Kieni East,
and approximately 70% of the rainfall was received in April alone (MoALF, 2016).

These changes are in line with remarks made elsewhere, such as at the consultative
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stakeholder workshop on the development of a National Climate Change Response action
plan (NCCR) (GoK, 2012). This backs Cooper and Coe's (2011) claim that East African
farmers have always experienced considerable rainfall variability, both within and

between seasons, and that their farming practices have never been static.

s00

aso
= . A
= A N\ I\
S 0 A ~/ \ I\
= \ YAV LY J
S S — ——
§ 150 NS \v/
£ 100
o

o

T h On On On O O O O On OO OO OO Do DD oD oD O QDo D O O
B I B T B o T e T e T e R B I T o T o B S o (R o R o B o B o B R S R

Figure 4.3: Rainfall Trend during Long Rains (1988 — 2018)

Source: Field Data, 2019

Similarly, over the study period, the researcher generated a running average for the
seasonal rainfall amount for the long rains. Other researchers, such as Trauth et al.
(2009), used running means to analyze patterns, rhythms, and occurrences in Plio-
Pleistocene African climate. Figure 4.4 shows fluctuations in the amount of long rains,
with two peaks identified in two periods, 1996-2001 and 2004-2009. The fluctuations in
the pattern of rainfall amount is clear evidence that the usage of running means aids in
the creation of a smoother curve when dealing with highly random data as is the case in

the erratic rainfall pattern shown in Figure 4.4 for the long rains.
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Figure 4.4: Five Years Running Means for Amount of Long Rains (1988 — 2018)

Source: Field Data, 2019
4.2.3 Trend of Seasonal Rainfall during the Short Rains

The trend line in Figure 4.5 shows that rainfall levels increased during the short rains
(OND), as demonstrated by a positive gradient (1.1293). The wettest years were 1997

(728.8mm), 2003 (345.3mm), 2006 (458.75mm), 2009 (401mm), and 2015 (401mm)

(531.5 mm).
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Figure 4.5: Rainfall Trend during Short Rains (OND) (1988 — 2018)

Source: Field Data, 2019
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The 1997 OND rainfall positive anomaly is ascribed to the EI Nino rains that defined the
OND season in Eastern Africa in 1997/98 according to Amissah et al. (2002). Dips, on
the other hand, were recorded in 1991 (144.5mm), 1993 (144mm), 1996 (192mm), 2001
(172.4mm), 2004 (207mm), 2008 (122.5mm), 2012 (230mm), 2014 (231mm), and 2016
(183mm). The short rains had a mean of 261.68 mm and a standard deviation of 129.09
mm, with a 46% correlation of variation. The short rains variations varied from -
154.05mm in 2008 to 452.25mm in 1997, indicating that there has been some variability.
Though rainfall amounts in Kieni East sub-County, Nyeri County, have been increasing,
there has been random variability during the short rains. As a result, OND rainfall in the
sub-County is more suitable for maize farming. These findings are backed up by
Mzezewa et al. (2010), who discovered that in Eco tope-South Africa, 80% of annual
rainfall occurs between October and March. Rainfall patterns, on the other hand, have
grown variable and unpredictable, with some seasons extending into January and

February, resulting in higher total rainfall for the season (CDKN, 2014).

The researcher generated the running means for the rainfall for the short rains over the
period (1988-2018) in an attempt to smooth out the uneven and extremely random
pattern in Figure 4.5. Jacob and Van den Hurk (2012) employed running means in a study
on climate change scenarios at the global and local scales. The curve revealed a cyclic

pattern with a peak in the period 1996-2001, according to the results shown in Figure 4.6.
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Figure 4.6: Five Years Running Means for Amount of Short Rains (1988 — 2018)

Source: Field Data, 2019
4.3 Rainfall Variability

The annual rainfall variability ranged from — 260.47 mm in 2000 to 528 mm in 1997,
according to Table 4.1. During the long rains, rainfall variability ranged from — 133.46
mm in 2016 to 178.14 mm in 2003. Short rains variations ranged from -154.05 mm in
2008 to 452.25 mm in 1997, according to the study. These findings are consistent with
those of Nicholson and Kim (1997), who found that ENSO has little impact on the long
rainfall season (MAM), but has a considerable impact on the short rains (OND). The
findings also back up the claim that "rainfall varies from year to year and season to
season" in East Africa, a phenomenon that continues to present a challenge to agricultural

production (Shisanya, 1996; Seleshi & Zanke, 2004).
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Table 4.1: Seasonal and Annual Rainfall Variability Index

Year Annual Annual Seasonal Seasonal Seasonal Seasonal
rainfall rainfall rainfall rainfall rainfall rainfall
amount variation amount - variation amount - variation-

mean=780.0 S long rain -long short rain short rain
7 mean=260.8 rain mean=276.5 | mean=276.5
6 5 5

1988 945.10 165.03 306.00 45.14 222.50 -54.05

1989 757.70 -22.37 312.70 51.84 183.20 -93.35

1990 958.00 177.93 371.00 110.14 274.50 -2.05

1991 582.00 -198.07 202.00 -58.86 144.50 -132.05

1992 623.70 -156.37 197.50 -63.36 243.50 -33.05

1993 579.50 -200.57 160.50 -100.36 144.00 -132.55

1994 771.80 -8.27 168.00 -92.86 378.50 101.95

1995 966.20 186.13 324.90 64.04 375.30 98.75

1996 781.10 1.03 255.80 -5.06 192.00 -84.55

1997 1308.50 528.43 361.00 100.14 728.80 452.25

1998 932.50 152.43 405.50 144.64 246.30 -30.25

1999 607.90 -172.17 177.80 -83.06 284.30 7.75

2000 519.60 -260.47 130.30 -130.56 210.80 -65.75

2001 689.00 -91.07 201.70 -59.16 172.40 -104.15

2002 670.50 -109.57 246.05 -14.81 237.60 -38.95

2003 908.35 128.28 439.00 178.14 345.30 68.75

2004 789.40 9.33 263.80 2.94 207.00 -69.55

2005 771.65 -8.42 267.05 6.19 247.25 -29.30

2006 750.50 -29.57 368.50 107.64 458.75 182.20

2007 750.00 -30.07 269.75 8.89 146.00 -130.55

2008 698.75 -81.32 246.25 -14.61 122.50 -154.05

2009 772.50 -7.57 220.75 -40.11 401.00 124.45

2010 856.00 75.93 230.50 -30.36 334.50 57.95

2011 787.00 6.93 185.50 -75.36 363.50 86.95

2012 709.25 -70.82 162.00 -98.86 230.00 -46.55

2013 730.50 -49.57 233.50 -27.36 235.00 -41.55

2014 768.00 -12.07 269.00 8.14 231.00 -45.55

2015 1021.00 240.93 336.00 75.14 531.50 254.95

2016 584.90 -195.17 127.40 -133.46 183.00 -93.55

2017 747.00 -33.07 219.00 -41.86 292.00 15.45

2018 844.30 64.23 427.80 166.94 206.50 -70.05

Mean 780.07 260.86 276.55

Std. Dev. 156.38 84.49 126.09

Correlatio 0.20 0.32 0.46

n
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4.4 Maize Yield in Kieni East sub-County

4.4.1 Trend of Annual Maize Yield in Tons

The findings in Figure 4.7 reveal that yearly maize yields in tons in Kieni East sub-
County have decreased, as indicated by a negative gradient (-231.9). The peak years for
maize yields were 2010 and 2015, with 5861.52 tons and 4984.83 tons, respectively. On
the other side, there were declines in 2016 and 2012, when 482.58 tons and 963.00 tons
of maize were produced, respectively. According to several studies, variations in mean
annual precipitation have a negative impact on maize production (Oseni & Masarirambi,
2011). These results are similar to those of Jokastah et al. (2013), who discovered that
most smallholder farmers in Kenya's semi-arid and sub-humid regions have seen a
decrease in crop production due to low rainfall, or erratic rainfall patterns, as well as

other factors such as hailstones, floods, and longer-than-normal rainfall.
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Figure 4.7: Annual Maize Yields Trend in Tons (2009 — 2018)

Source: Field Data, 2019
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4.4.2 Seasonal Maize Yields Trend in Tons during Long Rains Season

The findings in Figure 4.8 show that during the long rains, maize yields in tons in the
Kieni East sub-County decreased, as indicated by a negative gradient (-69.19). Maize
yields of 2148.48 tons and 2059.83 tons were the highest in 2015 and 2010, respectively.
On the other hand, there were declines in 2016 and 2012, when 256.5 tons and 513.0 tons
of maize were produced, respectively. According to Nicholson (2017), long rains are
regularly perceived as less predictable at seasonal scale, with weaker linkages to
predictable large-scale SST processes although a substantial component of the inter-
annual variability is driven by the Quasi-biennial Oscillation, and SSTs in the northwest
Indian Ocean. According to Tarun et al. (2013), anytime the maize crop is subjected to
moisture stress at any stage of its development, a considerable loss in maize yield is
expected. Shumetie et al. (2017) evaluated the impacts of climate variability on
smallholder farmers' crop revenue and discovered that rainfall fluctuations during the

cropping season have a significant and negative impact on farmers' crop income.

Farmers in the Kieni East sub-County may limit the area under cultivation due to the idea
that OND is the main season. Due to reduced maize growing during MAM, overall
annual maize yields are lower than they would be otherwise. Farmers should be informed
about the need of maximizing the two rainy seasons in maize farming, and should likely

plant short-cycle maize varieties during the long rains season.
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Figure 4.8: Maize Yields Trend in Tons during long rains season (2009 — 2018)
Source: Field Data, 2019

4.4.3 Seasonal Maize yields Trend in Tons during the Short Rains Season

Figure 4.9 shows that during the short rains, maize yields in tons in the Kieni East sub-
County have decreased, as evidenced by a negative gradient (-162.71). The highest maize
yields were reported in 2015 and 2010, with 3713.04 tons and 2925.00 tons, respectively.
On the other side, there were declines in 2016 and 2013, when 226.08 tons and 274.5 tons
of maize were produced, respectively. A study in Uganda that used ARCH model
estimates discovered that a variation in rainfall from the long-term mean had a significant
impact on crop yield, while exponential increases in rainfall had a negative impact
(Mwaura & Okoboi, 2014). Maize yields, however, were higher during the short rains
(OND) than they were during the long rains (MAM). According to Amissah-Arthur et al.
(2002), OND is the most common growing season in the country's central and lower
eastern regions, where annual crops like as maize, sorghum, green grams, and finger

millet thrive.
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Increased rainfall intensities during the main rainy growing season, however according to
Yengo et al. (2010), could increase the rate of erosion and loss of nutrients from arable
soils, reducing soil fertility and negatively reducing crop yield. A significant increase in
total seasonal precipitation is not required, according to Geerts and Raes (2012) but that
maize output aided by rain. In the development of crop phenology, rainfall distribution is
critical. Farmers must be trained on soil conservation measures, as well as water

collecting, to decrease soil nutrient loss following severe rains. Water can be conserved
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and used during the dry season, when crops are most in need, to help increase maize

yields.

Figure 4.9: Maize Yield Trend during the Short Rains (2009- 2018)

Source: Field Data, 2019

4.5 Maize Yield Variability

4.5.1 Annual Maize Yield Variations from the Long Term Mean
The findings in Table 4.2 reveal that there is evidence of annual maize yield variability,
as evidenced by variations ranging from -1956.94 in 2016 to 3422.00 in 2015. The

variance in seasonal and annual rainfall is primarily to blame for the drop in maize yield
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trend in Kieni East sub-County. High rainfall variability has an effect on maize yield

variability in Benue state, Nigeria, according to Adamge and Ujoh's (2013) research.

Table 4.2: Annual Maize Yield Variability Index

Year Annual Maize yield in Annual yield variation

Tons Mean=2439.52
2009 3569.58 1130.06
2010 4984.83 2545.31
2011 2321.01 -118.51
2012 963.00 -1476.52
2013 1376.10 -1063.42
2014 1931.76 -507.76
2015 5861.52 3422.00
2016 482.58 -1956.94
2017 1723.05 -716.47
2018 1181.79 -1257.73

4.5.2 Maize Yield Variations from the Long Term Mean during the Long Rains
Season

Source: Field Data, 2019

The results in Table 4.3 show that maize yield variability exists, as seen by variances

ranging from -849.46 in 2016 to 1042.52 in 2015.
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Table 4.3: Maize Yield Variability Index during Long Rains Season

Year Seasonal Maize yield Seasonal yield variation (long

in tons (long rains rains season mean=1105.96)
season)

2009 1610.28 504.32

2010 2059.83 953.87

2011 549.81 -556.15

2012 513.00 -592.96

2013 1101.60 -4.36

2014 1074.24 -31.72

2015 2148.48 1042.52

2016 256.50 -849.46

2017 815.04 -290.92

2018 930.78 -175.18

4.5.3 Maize Yield Variations from the Long Term

Season

Source: Field Data, 2019

Mean during the long Rains

The results in Table 4.4 show that maize yield variability exists during the short rains, as

seen by variations ranging from -1107.49 in 2016 to 2379.47 in 2015.
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Table 4.4: Maize Yield Variability Index during the Short Rains Season

Year Seasonal Maize yield in Seasonal yield variation (short rain
tons (short rains season) season mean=1333.37)

2009 1959.30 625.73

2010 2925.00 1591.43

2011 1771.20 437.63

2012 450.00 -883.57

2013 274.50 -1059.07

2014 857.52 -476.05

2015 3713.04 2379.47

2016 226.08 -1107.49

2017 908.01 -425.56

2018 251.01 -1082.56

Source: Field Data, 2019

4.6 Comparative Trend Analysis

4.6.1 Annual Rainfall and Maize Yield Data

Annual rainfall and maize yield patterns, as shown in Figure 4.10, illustrate that
variations in rainfall generate variations in maize yields. Figure 4.10 below demonstrates
a decline in the trend lines with negative gradients of -33.709 and -231.9, respectively,
for rainfall and maize yields. The peak years for annual rainfall were 2010 and 2015, and
the peak years for maize yield were also 2010 and 2015. The yearly rainfall decreased in
2011, 2012, 2016, and 2018, while the maize yield decreased in the same years. These
results are consistent with those of Ali et al. (2017), who discovered that rainfall
variability had a significant impact on maize yield. Blanc (2011) and Bhandari (2013)
found that precipitation increase leads to increased maize yield. Sowunmi and Akimola
(2010) also found that maize can be cultivated in many places of Nigeria with enough
water. Water scarcity, however, causes yield loss throughout critical stages of maize

development (grain filling and anthesis) (Basir et al., 2018). This is why plant kinds that
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correlate to the length of the growing sub-County's season are so important. One of the
main reasons why smallholder farmers in Africa are struggling is because of declining
yields and droughts. ASALS do not appear to be adopting improved farming practices as

observed by Nyandiko et al. (2012).

Figure 4.10: Annual rainfall and maize yields trends between 2009 and 2018

Source: Field Data, 2019

4.6.2 Seasonal Rainfall and Maize Yields during the Long Rains Season

Variation in rainfall amounts induced variations in maize yield, according to the findings
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in Figure 4.11 on rainfall and maize yield trends during the long rains. Figure 4.11
depicting a decrease in the trend lines with negative gradients of -21.412 and -69.192 for
rainfall and maize yields, respectively, demonstrate this clearly. The peak years for long
rains were 2010 and 2015, which coincided with the peak years for maize yield. Both

trends, however, experienced a downturn in 2011, 2012, 2013, 2016, and 2018.
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According to a joint study released in February 2018 by the Kenya Food Security
Steering Group (KFSSG) and Nyeri County Steering Group, the county's maize yields
were 61,531,000 bags in 2015, 13,028,000 bags in 2016, 18,114,000 bags in 2017, and
12,866,000 bags in 2018, indicating variability. This is in accordance with Sage et al.

(2015), who predicted that higher rainfall variability would affect maize yields.
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Figure 4.11: Seasonal rainfall and maize yields trends during Long Rains (2009-

2018)

Source: Field Data, 2019

4.6.3 Seasonal Rainfall and Maize Yields Data during the Short Rain Season

During the short rains, variations in rainfall caused variations in maize yield, as seen in
Figure 4.12. Figure 4.12 clearly show a decrease in the trend lines for rainfall and maize
yields, with negative gradients of -10.384 and -162.71, respectively. Similarly, these

curves peaked in the same years, 2010, and 2015 and dips in 2011, 2012, and 2016.
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Water levels above those required by the crop have a detrimental impact on yields.
According to Rowhani et al. (2011), a rise in inter-seasonal precipitation affects maize
yield. Higher rainfall intensities can also lead to increased soil erosion and nutrient losses
from arable soils, affecting crop productivity. This can explain the lower yields in 2013

and 2018 despite the increase in rainfall amounts.
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Figure 4.12: Seasonal rainfall and maize yield trends during Short Rains Season
(2009-2018)

Source: Field Data, 2019

4.7 Analysis of Rainfall Characteristics

4.7.1 Long-term monthly rainfall

Sawa et al. (2011) define onset as the time when an area receives enough rain to support
agricultural growth, whereas cessation refers to the conclusion of the effective rainy
season. It does not refer to the last day of rain, but rather to the point at which rain cannot
be assured or effective any longer. These terms were adopted and used as the definitions
in this research for the research area. The researcher plotted a long-term seasonal rainfall
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trend in Kieni East sub-County in Nyeri County in order to show the rain seasons. It is
obvious from Figure 4.13 that there are two rain seasons; long rains in the months of
March, April, and May (MAM) and short rains in the months of October, November, and
December (OND). The onset month for the long rains is March, as shown in the figure,
the peak April while May is the cessation. As for the short rains, the onset is October,
peak November while the cessation is December. Additionally, the dry season is clearly

shown as January and February.
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Figure 4.13: Long-Term monthly rainfall (1988-2018)

Source: Field Data, 2019

4.7.2 Analysis of Rainfall Characteristics during the Long Rain Season

The findings in Table 4.5 show the peak, onset and cessation months for long rains in

Kieni East Sub-County in Nyeri County.
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Table 4.5: Summary of Rainfall Characteristics during the Long Rain Season

Year Peak Month Onset Month Cessation Month
1988 April March May
1989 April March May
1990 April March May
1991 May March June
1992 April April July
1993 April April July
1994 May March July
1995 April March June
1996 May March June
1997 April March May
1998 April March May
1999 March March May
2000 April April May
2001 April April May
2002 April March May
2003 April March May
2004 April April May
2005 April April July
2006 April March June
2007 May April June
2008 April March May
2009 April March June
2010 March March June
2011 May March May
2012 April April June
2013 April March June
2014 April March May
2015 April March June
2016 May March June
2017 April April May
2018 March March May

Source: Field Data, 2019

Early warning of the start and end of rains is a common request from user needs
assessments in semi-arid East Africa (Owusu et al., 2017), since it will help farmers
better manage potential threats to their planting and harvesting activities. The long rains

in Nyeri County's Kieni East sub-County began in March and lasted till April. Figure
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4.14 shows that March was recorded 21 times as the month when the rains started
(67.7%), while April was recorded 9 times (32.3%). When farmers are informed of the
onset date, they plan when to prepare their field and get the necessary inputs. False rainy
season onset leads to replanting and raise maize cultivation costs. As a result, the start of
seasons must be coordinated to minimize the risk of crop failure. The start of the rainy

season is critical for agriculture.

Camberlin and Okoola (2003) made an important discovery that a 20-day delay in the
main rainy season in Kenya resulted in a 25-30% reduction in maize output. According to
Barron et al. (2003), an uneven seasonal distribution of rainfall, such as the one depicted
by MAM, might expose crops to a variety of mild to severe intra-seasonal dry spells,
lowering yields. A delayed onset means a shorter growing season for the crops, resulting
in lower yields (Mugalavai et al., 2008). Araya and Stoosnijder (2011) found that short
growth periods were one of the factors in Ethiopia leading to crop failure Smallholder
maize farmers must plant prior to or at the start of the MAM season, as failing to do so
may result in a large quantity of rainfall being missed, affecting maize yield. The
cultivation of early maturing maize seeds, as well as drought mitigation methods such as

rainwater harvesting, are therefore significant in the Kieni East sub-County.
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Figure 4.14: Onset Month for the Long Rains Season

Source: Field Data, 2019

The peak month during the long rains season in Nyeri County's Kieni East sub-County
varied from March to May. Figure 4.15 shows that the highest month for long rainfall

varies between April (71.2%), May (19.4%), and March (9.4%).
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Figure 4.15: Peak Month for the Long Rains in Kieni East sub-County

Source: Field Data, 2019

The cessation month for the long rains season in Kieni East sub-County in Nyeri County
varied from May to July. According to Figure 4.16, the cessation for the long rains varied

from May (54.6%), June (32.5%) and July (12.9%). An early cessation implies a short
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crop growing season leading to low crop yields. This concurs with the findings by
Oruonye et al. (2014) that a reliable estimation of the onset and cessation dates of the rain

crop could help maximize rainwater use by farmers.
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Figure 4.16: Cessation Month for the Long Rains in Kieni East sub-County

Source: Field Data, 2019

4.7.3 Analysis of Rainfall Characteristics during the Short Rain Season

Results in Table 4.6 show the peak, onset and cessation months for short rains season in

Kieni East sub-County in Nyeri County.
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Table 4.6: Summary of Rainfall Characteristics during the Short Rain Season

Year Peak month of Onset month of Cessation month
Rainfall rainfall of rainfall
1988 November September December
1989 October October December
1990 November October December
1991 August October December
1992 November October December
1993 November October December
1994 November October December
1995 November October January
1996 November October December
1997 November October January
1998 November October December
1999 November October December
2000 October October December
2001 November October December
2002 December October January
2003 December October January
2004 November October December
2005 October October December
2006 December October January
2007 October October December
2008 October October December
2009 November October February
2010 November October December
2011 November October December
2012 October October December
2013 October October December
2014 November September December
2015 November October January
2016 November October December
2017 November October December
2018 November October January

Source: Field Data, 2019

The short rains in Nyeri County's Kieni East sub-County began in September and lasted
till October. According to Figure 4.17, September received 93.5% of the rains received at

the start, whereas October received 6.5% of the onset rainfall. This results in a prolonged
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crop growing season because rainfall peaks in November and ceases between December
and February. Mugalavai et al. (2008) agreed, arguing that for short rains, early start
translates into a prolonged growing season. This could explain why the OND season has
higher yields, making it the primary agricultural growing season in the research location.
Due to delayed onset of rains, shorter growing seasons impair soil preparation and expose
crops to greater terminal moisture stress during grain filling, decreasing crop yields. Short
rains in East Africa are commonly known to be more predictable, according to Nicholson

(2017), due to shifts in the Indian Ocean Dipole and ENSO.
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Figure 4.17: Onset Month for the Short Rains

Source: Field Data, 2019
The peak months for short rainfall in Nyeri County's Kieni East sub-County ranged from
October to December. Figure 4.18 shows that November is the peak month recorded for

the short rains (64.5%) times,, followed by October (22.6%), and December (12.9%).

71



70 64.5

60

50
Lo d
S 40
o
g 30 226

™ B

0
Oct Nov Dec

Months

Figure 4.18: Peak Month for the Short Rains in Kieni East Sub-County

Source: Field Data, 2019

Figure 4.19 shows that the short rains cessation wa recordeds in December (71%),
January (22.6%), and February (6.4%). Seasonal shift is a challenge in the sub-County,
according to these findings, and farmers need to be informed and instructed in order to
plant on time. Farmers must plant early if the maize crop is to maximize rainfall received
in the early phases of the season, with rainfall peaking in November. Effective utilization
of weather forecast information, such as commencement and cessation dates, can help the
sub-County maximize maize yields by maximizing rainfall. Short growing seasons were
found to be one of the causes of crop failure by Araya and Stroosnijer (2011). Farmers
must plant early because the cessation begins in December. This allows farmers to
maximize rainfall obtained in the early phases of the season. Planting dates must be well-
timed for optimal maize yields. This prevents crops from succumbing to moisture stress
during their vital early stages of development (Chivenge et al., 2015). Medium and short-
term maize varieties generate larger yields when planted early. As a result, short cycle
maize varieties, rainwater gathering, and irrigation would be critical adaptation strategies

in Kieni East sub-County.
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Figure 4.19: Cessation Month for the Short Rains in Kieni East Sub-County

Source: Field Data, 2019

4.8 Correlation between Rainfall Amount and Maize Production

4.8.1 Correlation between Annual Rainfall and Annual Maize Yield

The correlation between annual rainfall amount and yearly maize yield is shown in Table
4.7. The p-value of 0.004 is less than the threshold of 0.01. This means that there is a
significant positive correlation between annual rainfall and yearly maize yield in Nyeri

County's Kieni East sub-County at 1% levels of significance.

Table 4.7: Correlation between Annual Rainfall and Annual Maize Yield

An_nual Annual Maize Yield
Rainfall
Annual Rainfall Pearson 1 0.821**
Correlation
p-Value 0.004
N 10 10
Annual Maize Yield Pearson_ 0.821** 1
Correlation
p-Value 0.004
N 10 10

** Correlation is significant at the 0.01 level (2-tailed).
Source: Field Data, 2019
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4.8.2 Correlation between Seasonal Rainfall and Seasonal Maize Yields during the
Long Rains

The correlation between rainfall and maize yield under long rains is seen in Table 4.8.
The p-value of 0.009 is less than the threshold of 0.01. This means that there is a strong
positive correlation between rainfall and maize yield during long rains in Nyeri County's

Kieni East sub-County at 1% levels of significance.

Table 4.8: Correlation between Rainfall Amount and Maize Yield during Long
Rains

Long Rains Maize Yield Annual

Long Rains Pearson Correlation 1 0.634**
p-Value 0.009
N 10 10
Maize Yield Pearson Correlation 0.634** 1
p-Value 0.009
N 10 10

** Correlation is significant at the 0.01 level (2-tailed).

Source: Field Data, 2019

4.8.3 Correlation between Seasonal Rainfall and Seasonal Maize Yields during the

Short Rains

The correlation between rainfall and maize yield during short rains is seen in Table 4.9.
The p-value is less than 0.01 with a p-value of 0.000. This means that there is a strong
positive correlation between rainfall and maize yield during short rains in Nyeri County's

Kieni East sub-County at 1% levels of significance.

This is supported by a research conducted in the Laikipia East district (Huho et al., 2012).
Annual rainfall amounts increased between 1976 and 2005, but this did not result in

greater agricultural production. This was ascribed to the disruption of farming activities
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caused by changing rainfall patterns. Extreme climatic events and climate factors
influencing crop output owing to shifting and erratic climate conditions like fluctuating
rainfall and unpredictable floods have a negative impact on maize harvests, especially in
the ASALSs, according to Adamgbe and Ujoh (2013). The study concludes that if maize is
correctly evaluated in terms of how it adapts to climate change, effective adaptive
measures are likely to be established. These findings support the findings of Eludoyin et
al. (2017), who found that heavy rainfall, too early rainfall, late rainfall, and protracted

dryness after an initial rainfall, are common weather-related reasons of low crop yields.

Table 4.9: Correlation between Rainfall Amount and Maize Yield during Short
Rains

Short Rains Maize Yield Annual

Short Rains Pearson Correlation 1 0.918**
p-Value 0.000
N 10 10
Maize Yield Pearson Correlation 0.918** 1
p-Value 0.000
N 10 10

** Correlation is significant at the 0.01 level (2-tailed).

Source: Field Data, 2019

4.9 Farmers Adaptation Strategies to Rainfall Variability in Kieni East Sub-County

4.9.1 SWOT Analysis

The SWOT Matrix, a strategic planning approach, was used to assess the strengths,
weaknesses/limitations, opportunities, and threats faced by smallholder maize farmers in
Nyeri County's Kieni East sub-County. It entailed defining the study's objectives, as well
as identifying internal and external factors that are favorable and unfavorable to

achieving the objectives. Strengths and weaknesses, according to Humphrey (2004), are
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internal characteristics over which you have some control, whereas opportunities and
threats are external elements over which a single person, in this case the farmer, has no
control. According to the SWOT matrix on Table 4:10, the SWOT analysis for this study
analyzed several underlying aspects and findings established in the study affecting maize
farmers in Nyeri County's Kieni East sub-County, which guided conclusions and

formulation of research recommendations.

Table 10: SWOT Matrix

STRENGTHS WEAKNESSES

Farmers were at the prime age. Insufficient water harvesting strategies

Literacy of farmers. Decline in farm sizes for maize
cultivation

Availability of labor based on household size | Inadequate training on maize farming
and Land ownership

Gender inclusivity Inadequate capital

Additional income generating activities, Inadequate weather data

water harvesting, use of manure and fertilizer

A bi-modal rainfall pattern Mostly women engaged in farming
OPPORTUNITIES THREATS

Various sources of training for farmers Poor seed qualities

Availability of maize seeds from agro-vets Inadequate rainfall

Assistance by the County government Pests and diseases

Varieties of water harvesting activities Lack of information on modern and

efficient adaptive strategies

Farmers not planting according to the
Kenya Meteorological Station(Nyeri) seasonal weather changes

Source: Field data, 2019

4.9.2 A SWOT analysis of existing adaptive strategies in Kieni East Sub County

The findings in Table 4.11 show that the population of Nyeri County's Kieni East sub-

County is relatively young. The majority (46.1%) were between the ages of 41 and 60,
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with (41%) between the ages of 21 and 40 following closely behind. Only 0.5% of the
participants were under the age of 20, while 12.4% were beyond the age of 60. This
supports a research by Momanyi et al. (2012), which indicated that the average age of a
Kenyan farmer is 57. This indicates that the majority of the farmers in the study area are
in that age range. The population is made up of people who are relatively young and have
the energy to support farming activities, notably maize farming, as well as any adaptive
measures that aid in cultivation. They're also a resource that, when managed correctly,
can help reduce the limitations of small land size by adopting intensive agriculture.
According to Mintewab et al. (2013), the quantity of experience required to appreciate
various components of climate variability that affect agricultural methods is proportional
to the age of the farmer. Farmers who are older are more likely to have seen the majority
of climatic variability difficulties as well as the variability of its variables. As a result,

they are more likely to perceive and adjust to rainfall fluctuations.

The survey found that both men and women work in maize cultivation, according to
Table 4:11. This supports the findings of Ndegwa et al. (2010), who discovered that men
and women both farm, with the main variation being the farming activities they engage
in. The survey did find, however, that the majority (56.2%) of the household heads who
participated in the survey were female. It's possible that this is due to the fact that women
are more involved in agricultural operations than men (Odame et al. 2002). These
findings further support Peacock et al. (2004) hypothesis that, as a result of quicker male
out-migration, agriculture is increasingly becoming a female-dominated sector, with
females bearing the brunt of maize cultivation. The existing labor force has therefore
been strained, affecting maize yield in the Kieni East sub-County. Because maize
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harvests are dwindling, several men relocate in search of alternative sources of income.
In the position of household heads, however, there is a gender balance, as neither gender
outnumbers the other by more than two-thirds. However, the relatively young population
of Kieni East sub-County in Nyeri County, which is made up of more females, as shown
in Table 4.11, suggests that the population of Kieni East sub-County in Nyeri County will
grow rapidly over time, leading to further land fragmentation and a decline in maize
yields. According to Table 4:11, the majority of homes (123 (56.6%) had between 4 and
6 family members, with 74 (34.2%) having between 1 and 3 individuals. Only 20 people
(9.2%) had seven to nine family members. These were used to offer farm labor. In
Kenya, labor is a crucial component of agricultural production, with most farmers,
especially smallholders, employing traditional farming practices and cultivating the
majority of their land by hand. Family members do the majority of the job, with the
amount of work depending on family arrangements and the number of hours spent. In
addition, seasonal labor demands vary, as do labor attributes such as education and
health. Furthermore, agricultural experiences influence crop production through work
capability and crop management methods quality (Blanc, 2011), all of which have an

impact on maize yields.
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Table 4.11: Demographic Characteristics of the Respondents

Categories Frequency Percent
Gender Male 95 43.8
Female 122 56.2
Total 217 100
Age (Years) <20 1 0.5
21-40 89 41
41 -60 100 46.1
> 60 27 12.4
Total 217 100
Family Size (members) 1-3 74 34.2
4-6 123 56.6
7-9 20 9.2
Total 217 100

Source: Field data, 2019

Table 4.12 shows that the majority of respondents (45.2%) had completed primary
school, 39.2% secondary school, 11.1% post-secondary education, and 4.6% had
completed informal education. As a result, the level of education in Nyeri County's Kieni
East sub-County was evidently low. The majority of the respondents, on the other hand,
had the fundamental literacy skills required to interpret farming processes. According to
Glennerster et al. (2011), such low levels of education are due to high primary school
dropout rates, particularly among girls. It has been determined that the domestic labor
market in ASALs consistently fails to appeal to the educated, causing them to migrate.
Educated farmers can use adaptive practices and make decisions that increase agricultural
productivity, such as asking for finance and using title deeds as security, as well as crop
diversity, irrigation, and planting at the right time. Farmers with greater education have
better access to adaptation information and are more likely to adapt to climate change

(Deressa et al., 2009).
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According to Table 4:12, respondents had supplementary income-generating activities
such as business (52.6%), casuals (37.3%), and formally employed (10.1%) as a strategy
to mitigate the effect of rainfall variability. According to study conducted by Bhatta et al.
(2015), a large proportion of farm households in Bihar work as wage laborers on farm
lands or in non-farm industries. Farmers need money to buy things like certified seeds
and fertilizer for their farms. Kuyiah (2007) agrees, claiming that monetary constraints
and limited land holdings are the two most significant impediments to achieving greater
farm incomes and optimal agricultural productivity. Poverty, a lack of solid property
rights, a lack of cash, farm size, a lack of technical experience, and off-farm jobs are all
listed as hurdles to the adoption of climate variability adaptation measures by Gbetibouo

(2009).

Table 4.12: Socio-economic Characteristics of the Respondents

Categories Frequency Percent
Informal 10 4.6
Education Level Primary 98 45.2
Secondary 85 39.2
Post-Secondary 24 11.1
Total 217 100
Formal 22 10.1
Income generating activities Business 114 52.6
Casual 81 37.3
Total 217 100

Source: Field data, 2019

According to the findings in Table 4.13, the majority of respondents have very small land
sizes, with 52.1% having between 0 — 2 acres, 41.5% 3 — 5 acres, and just 6.4% having

more than 5 acres. Due to the small land sizes in Kieni East sub-County, farmers must
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invest as much as possible on the present land to boost productivity because there is
limited room for expansion. According to Ogola et al. (2011), small land area indicates
that intensive farming is the only option for increased production. Because the majority
of maize farming is done on family property that is very small in size, as shown in Table
4.13, this supports optimization of the land resource compared to leased land. However,
as the population grows, there will be greater sub-division of family land through

inheritance, as well as a major reduction in area available for settlement.

This, in turn, will diminish the amount of land under maize cultivation, resulting in lower
maize yields. Furthermore, if land area per household decreases due to population
growth, small and fragmented plots may limit the utilization of some viable adaption
strategies. Due to the limited land size in Kieni East sub-County, as well as the fact that
most farmers rely on rain-fed agriculture, they are forced to optimize maize yields.
Furthermore, the issue of land size suggests that cropping strategies must be intensified.
Agricultural intensification, which leads to greater productivity, would aid in mitigation

by making better use of agricultural inputs (Burney et al., 2010).

Table 13: Farm Characteristics in Kieni East Sub- County

Categories Frequency Percent
0-2 113 52.1
3-5 90 41.5
Farm Size (acres) >5 14 6.4
Total 217 100
Family Land 143 65.9
Land Ownership Leased 21 9.7
Bought 53 24.4
Total 217 100

Source: Field data, 2019

81



According to Table 4:13, majority of the respondents, (65.9%) were cultivating maize on
family land, while (24.4%) had purchased the farm, and (9.7%) were leasing the land.
This means the farmers don't have to pay more for leasing, which would cut into their
profit margins. Farmers who cultivate crops on leased property suffer greater losses as a
result of rainfall variability, and they are less receptive to adaptation strategies because
they are only on the land for a short time. For farm productivity, land and other
productive resources must be available and accessible (Moock, 1973). Farmers who
cultivate on family land, as opposed to those who lease property for a limited time, have a
better chance of adopting permanent and long-term adaptation techniques to rainfall

variability.

Small-holder maize farmers have two rainfall seasons, MAM and OND, according to the
area's accessible rainfall data on long-term seasonal rainfall trends (Fig. 4.13), in which
crop failure in one season can be compensated by replanting in the next season.
According to studies, farmers in East African countries preferred to change field
preparation or planting dates to avoid climate-related hazards (Kelvin et al., 2016). One
probable explanation for this is because such techniques need little commitment in terms
of time and money to execute, requiring simply information and training, whereas many
other techniques demand significant time and money commitments. Farmers also grow
early maturing and drought-resistant maize types, which, when planted at the right time,

can result in enhanced yields.

In Sub-Saharan Africa, it is a common adaptive strategy (Kristjanson et al., 2012; Bryan

et al., 2013). Late planting reduces the chance of being caught off guard by late rainfall.
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Early planting is done to allow for replanting in the event that the crops do not germinate.
Farmers' observations of the rainy season over the last few years are used to change
planting dates, which is especially crucial for rain-fed agriculture. Planting at the right
time permits the plant to mature before the dry season begins. These findings corroborate
those of Ogalleh et al. (2012), who discovered that fundamental adaptation strategies like
planting date changes and mixed cropping are commonly adopted. According to studies
from South Africa, Kenya, and Uganda, many farmers identify climate changes such as
changes in the start and end of rainy seasons, increased rainfall unpredictability,
decreased rainfall, and rising temperatures. (Osbahr et al.,2011; Ogalleh et al., 2012;

Simelton et al., 2013).

Despite these benefits, maize farming may be discouraged by inconsistent rainfall, low
yields, and unpredictably high yield income. Expanding the number of extension staff
who can advise farmers on appropriate rainfall variability adaptation measures will help
farmers overcome rainfall variability. The Nyeri Meteorological Station's establishment
will assist farmers in obtaining accurate weather forecasts and, as a result, planting on

time based on the meteorological station's onset dates.

4.9.3 Sources of Maize Seeds

The study sought to find out where farmers in Nyeri County's Kieni East sub-County
obtained the maize seeds for sowing. Figure 4.20 shows that the vast majority of
respondents (98%) said they sourced maize seeds for planting from agro-vets, with only
2% saying they get it locally. This demonstrates that farmers understand that hybrid seeds

are superior to locally available seeds, as the latter put them at more risk of negative
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effects from rainfall variability. Early planting and the use of hybrid seeds, particularly
early maturing hybrid seeds, are recommended to offset the detrimental effects of climate
variability in maize cultivation may be required, according to Bancy (2000.) Despite
increased certified seed production in Kenya over the previous decade, consumption has
remained low due to poor distribution and high costs (GoK, 2009). In addition, the lack
of control measures encourages seed market misbehavior and makes it more difficult to
obtain high-quality seeds. Planting clean seeds helps to prevent undesired traits from

transferring from one season to the next.
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Figure 4.20: Source of Maize Seed in Kieni East Sub-County

Source: Field Data, 2019

The researcher was curious as to what factors farmers consider while deciding which
maize variety to plant. The majority of farmers (82.9%) pick the maize variety to plant
based on its early maturity, as shown in Figure 4.21. This was followed by 77% who
wanted a high-yielding maize variety and 57.5% who wanted a drought-tolerant maize
variety. However, the majority of families (73.3%) say disease resistance is not a
significant factor to consider when planting maize varieties. This indicates that farmers

are environmentally conscious and are cultivating crops that are suitable for their
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surroundings. Farmers in Ovambo, Namibia, introduced new and early maturing varieties
such as pearl millet in the 1980s, according to Newsham and Thomas (2011). Namibia's
resilience to the effects of dry circumstances has improved as a result of this. Drought-
tolerant or early maturing varieties are available to Kenyan farmers, particularly in the
maize seed market (KEPHIS, 2015). It takes more than 150 days for the long season
cultivar to mature. Maize is a C4 plant, and its optimum photosynthetic rate occurs
between January and February, when the temperature is between 28° and 35° Celsius.
During this time, the chances of experiencing dry spells lasting longer than 14 days are
rather high. Water stress during anthesis and grain filling reduces yields significantly. In
the future, farmers' maize seed selection must react to the sub-County's rainfall variation

vagaries as a step toward increasing yields.
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Figure 4.21: Factors Considered when Choosing Maize Varieties

Source: Field Data, 2019

4.9.4 Water Harvesting

Based on evidence demonstrating a decline in rainfall amounts over time, as well as

rainfall variability, the study aimed to reveal measures of water harvesting by farmers in

85



Kieni East sub-County, Nyeri County. The majority of households do not harvest water,
as seen in Figure 4.22. Value addition (30.5%) was more common than soil and water
conservation (12.8%) according to the 2013 ASDSP household survey. This could be
attributable to a lack of storage space (MoALF, 2016). Nyeri County, on the other hand,
iIs among the counties with the highest adaption of strategies such as water harvesting,
according to Syomiti (2015). Water tanks were found to be the most frequent water
harvesting strategy (31.8%), followed by water pans (18.4%). Only 4.1% of farmers, on
the other hand, have terraces, with a similar percentage having grass strips and only 1.4%
having water wells. 92.2% of household heads, on the other hand, believe that the water
gathering technologies in use are insufficient to support maize farming. Water harvesting
structures are a group of topographical features that collect rainwater from a given

surface area (Bernier et al., 2015).

Using structures such as ridges, bunds, and dams, rainwater is channeled, stored, and
used for irrigation at a later date (Ali, 2010). Harvested water can be used for additional
irrigation during dry spells to maintain yield stability or for off-season cash crop planting
to enhance household income in the study region. However, high investment costs and
competence requirements prevent smallholder farmers in SSA from adopting the
technology (Fox et al., 2005). Climate-proof tactics, such as better seasonal weather
forecasts (Hansen et al., 2011), are critical for expanding rain-fed agriculture in the study
area, but the environmental consequences of various water harvesting methods, such as

drilling boreholes, must be examined.
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Figure 4.22: Water Harvesting Strategies in Kieni East sub-County

Source: Field Data, 2019

4.9.5 Use of Manure/Fertilizer in Maize Farming

The study intended to establish if the farmers used manure or fertilizer in their maize
farming. According to the findings in Figure 4.23, the majority of respondents (92%) use
manure/fertilizer in their maize cultivation, with only 8% reporting they do not. This
indicates that farmers have invested in expanding maize cultivation and improving soil
fertility in order to increase maize yields. Application of the right mineral fertilizer and
animal manure can increase yields and improve soil fertility (Tittonel et al., 2008). In
Kenya, the average application rate is 52.5kg/ha, but in SSA, it could be as low as
10kg/ha for smallholder farmers (Tittonell et al., 2008; FAO, 2015). Smallholder farmers
use less artificial fertilizer due to high input costs and confusing labeling (GoK, 2009).
Additionally, fertilizer purchases are done prior to planting, when farmers have already
sold their previous season's crops, avoiding risky investments (Tittonel et al., 2008).
Animal manure is only used as a natural fertilizer by 24.3% of Kenyan farmers (GokK,
2009), and while this is higher in Kieni East sub-County in general, there is still a huge

possibility to improve soil conditions.
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Figure 4.23: Use of Manure/Fertilizer in Kieni East Sub-County

Source: Field Data, 2019

The researcher was interested in learning where farmers in Nyeri County's Kieni East

sub-County get their manure. The majority of households (81%) obtain manure for maize

farming from on-farm livestock, according to the findings in Figure 4.24. This was

followed by 77.9% of those who bought manure off-farm. Only 17% of maize farmers,

on the other hand, were found to employ compost manure.
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Figure 4.24: Source of Manure in Kieni East Sub-County

Source: Field Data, 2019
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The study wanted to find out where farmers in Nyeri County's Kieni East sub-County get
their fertilizer for maize farming. The majority of households (77.9%) get their fertilizer
from agro-vets, according to the findings in Figure 4.25. Only a small percentage (34.6%)
was found to have access to government-subsidized fertilizers and donations (3.2%). Due
to the fact that just 20% of Kenya's land is agriculturally productive, farmers in Kenya
cultivate sub-optimal land and use the same plot season after season, thus fertilizer use is

crucial for sustained crop yield (Sheahan, 2011).

Farmers that utilize fertilizer on improved seeds have the maximum maize production,
according to Okoboi et al. (2012). The limited use of fertilizers is one of the most
significant barriers to raising maize yields. High input costs and a lack of financial
services, according to Spielman et al. (2011), are among the most significant
impediments to farmers adopting existing seed-fertilizer technology packages, which is a

big concern in Africa (Tittonel & Giller, 2013).
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Figure 4.25: Source of Fertilizer in Kieni East Sub-County

Source: Field Data, 2019
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4.9.6 Analysis of Opportunities and Threats

According to the findings in Figure 4.26, 31% of respondents had received training in

maize farming practices, whereas 69% had not.
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Figure 4.26: Training on Maize Farming

Source: Field Data, 2019

According to Table 4.14, the study found that there are numerous sources of maize
farming instruction. The media (43.5%), government extension officers (29.6%), and
private service providers (10.2%) were the sources of training for the respondents. The
findings back up Muga’s (2010) notion that all means of communication should be used
to guarantee that farmers receive critical information on time so that they can prepare
well. Increased extension officers are needed to educate farmers about the importance of
seasonal weather updates and to keep them informed. Farmers will be able to make
informed maize cultivation decisions, which will help to offset the effects of rainfall
variability. Farmers are unable to acquire important information on scientific agricultural

methods when extension officers are limited, resulting in low yields.
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Table 4.14: Source of Training on Maize Farming

Source of Training Frequency Percent
Friends 18 16.7
Government extension officers 32 29.6
Private service provider 11 10.2
Media 47 43.5
Total 108 100.0

Source: Field data, 2019

The study sought to know if the household heads needed more maize farming training.
According to Figure 4.27, the majority of respondents (86%) stated they'd prefer more
maize farming information, including information on different maize varieties, their
growth cycles, when to plant for maximum yields, spacing during planting, and fertilizer
requirements, among other things. This desire could be linked to the region's extension
agricultural authorities’ failure to adequately teach farmers about the beginning and
cessation of rains, as well as proper maize growing procedures in general. Farmers will
be able to make more educated decisions about when to plant and harvest for maximum
yields as a result of this information. Farmers' training should be expanded, particularly
on the need of early planting, so that they can make use of available rains at various

stages of crop growth, such as flowering and maturity.

Access to extension services is one of the most commonly mentioned adaptation criterion
(Below et al., 2012; Bryan et al., 2013). Several studies in the SSA region have also
demonstrated the value of regular training in improving farmer knowledge (Adolwa et
al., 2010). Agricultural extension is a type of informal adult education that is relevant to

agriculture. It's employed in agricultural development, community resource development,
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group promotion, and cooperative development, among other things (Oakley & Garforth,
1985). A major barrier to adaptation in SSA has been revealed to be a lack of knowledge
(Ofuoku, 2013). As a result, agricultural extension is anticipated to be positively
connected with rainfall variability adaption approaches. The Nyeri Meteorological
Department must train extension officers in the use and interpretation of forecast
information, particularly on the start and end of rainy seasons, so that the information
may be communicated to farmers. Farmers may be able to increase maize yields by
adjusting to the rainfall seasons. Farmers who successfully connected with climate data
can better plan their livelihood activities, such as what to cultivate, when to plant, when

to intensify, when to diversify, and so on (Hansen, 2012; Carr et al., 2015).
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Figure 4.27: Need for Additional Training

Source: Field Data, 2019

Pests (31.3%) are the most common challenge impacting farmers in Kieni East sub-
County, followed very closely by insufficient rainfall (31.1%), diseases (20.4%), and a
lack of capital (17.2%), according to the statistics in Table 4.15. Rain, heavy dews, warm

temperatures, and dry conditions have all been blamed for the increase in pests and
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diseases (Abang et al., 2014). The presence of pests could be attributed to the area's
warm climate, which provides an ideal environment for them to thrive. Pest and disease
infestations in plants have been shown to result in yield losses of more than 50% of
significant crops. Plant diseases were also expected to reduce the output of important
food and cash crops by 20% globally (Gautam et al., 2013). Millipedes caused a loss in
agricultural land in Gakawa, NaroMoru, and Kiamathaga in the lower sections of Kieni
East in 2014, according to NDMA (2014). Diseases and pests increase production costs

while lowering maize quality and yield.

Table 4.15: Challenges facing Maize Farming in Kieni East Sub-County

Challenges Frequency Percent
Pests 166 31.3
Diseases 108 20.4
Inadequate rainfall 165 31.1
Lack of capital 91 17.2
Total 530 100.0

Source: Field data, 2019

The study sought to identify the climate hazards that maize farmers in Nyeri County's
Kieni East sub-county face. According to Table 4.16, the study discovered that drought is
the most common climatic threat (45.1%), followed by frost (44.4%), and floods (10.5%).
This high percentage of residents who have experienced severe drought effects indicates
that they are well aware of their vulnerability. The fact that the majority of farmers rely
on rain-fed crops adds to the severity of the drought. Severe rainfall, changes in rainfall

timing, frequent droughts, temperature fluctuations, landslides, crop pests, floods, winds,
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thunderstorms, and hailstorms are among the impressions presented in literature

(Mutunga et al., 2017; Fadina & Barjolle, 2018; Williams et al., 2018).

By simply being aware of their vulnerability to the effects of climate change according to
Hansen (2002), this can help farmers to reduce their susceptibility to climate variability.
Nsabimana and Masabo (2005) discovered that knowledge is essential for technology
adoption and use. Increasing the number of extension officers who visit farmers to advise
them on the best ways to adjust to rainfall variability can solve these concerns. The Nyeri
Meteorological Station's presence will aid in the delivery of seasonal weather forecasts to
farmers, allowing them to organize their planting schedules around the station's onset

dates.

Table 4.16: Climate Hazards affecting Maize Farming in Kieni East sub-County

Climate Hazards Frequency Percent
Frost 140 44.4
Drought 142 45.1
Floods 33 10.5
Total 315 100.0

Source: Field data, 2019

In Nyeri County's Kieni East sub-County, the researcher attempted to determine the role
of the county administration in aiding farmers in overcoming climate hazards. According
to Table 4.17, the county government's principal engagement was in the construction of
dams (43.4%), the distribution of fertilizer and seeds to farmers (37.9%), and the digging
of boreholes (18.6%). Despite the fact that they are currently insufficient and dry up

during the dry season, the Ministry of Agriculture is aggressively sponsoring the
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construction of dams and pans in semi-arid areas, including Kieni East sub-County, in an
attempt to offset the effect of rainfall variability. Orindi and Ochieng (2005) proposed
seed fairs as a drought-recovery strategy in semi-arid South-East Kenya. Seeds, rather
than food handouts, are a better adaptation technique to drought repercussions, according

to the study.

Table 4.17: Role of Nyeri County Government on Maize Farming

Functions Frequency Percent
Supplying fertilizers and seeds to farmers 55 37.9
Sinking bore-holes 27 18.6
Dam construction 63 43.4
Total 145 100.0

Source: Field data, 2019

The researcher was interested in learning how farmers in Nyeri County's Kieni East sub-
County handle climate hazards. Table 4.18 shows that the majority of farmers (37%)
plant early maturity maize varieties, 32.7% plant drought resistant seeds, 22.2% engage
in alternative farming activities, and 8% engage in other economic activities, suggesting
that a range of strategies are used. These provide as a buffer in the event of severe
weather, especially when the rains fail. Several studies have found that different asset
bases might lead to different adaptation mechanisms among households in the same
neighborhood (Jain et al., 2015). Maintaining a variety of practices, according to Hoang
et al. (2014), is a critical strategy for helping farmers to endure climate variations. This is
because some of these approaches have been used to reduce risk and ensure at least some

productivity during bad years for thousands of years. Irrigation is sometimes viewed as
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an expensive investment that cannot be made entirely by farm households alone (Bryan et
al., 2011). Climate-resistant strategies, such as improved cultivars and efficient rain-
water management (Hansen et al., 2011), are critical for improving rain-fed agriculture.
As a first step toward future climate change adaptation, it would be prudent to focus the
development of livelihoods that would allow farmers to manage better with current
rainfall variability based on these findings. Planting at the right time permits the plant to

mature before the dry season begins.

Table 4.18: Smallholder Farmers Response to Climate Hazards

Response Frequency Percent
Engage in alternative farming activities 72 22.2
Planting drought -tolerant seeds 106 32.7
Planting early maturing varieties 120 37.0
Engaging in other economic activities 26 8.0
Total 324 100.0

Source: Field data, 2019
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CHAPTER FIVE

SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

The findings, conclusions, and recommendations of the study are summarized in this
chapter. In Kieni East sub-County, Nyeri County, Kenya, the study aimed to assess the
effects of seasonal and temporal rainfall variability on maize yields as well as

smallholder farmers' adaptive strategies.

5.2 Summary of Study Findings

The first objective of the study demonstrated that rainfall amounts decreased during long
rains in Kieni East sub-County, as evidenced by a negative gradient (-0.5162) in the trend
line, with peaks in 2003 and 2018 and dips in 2016 and 2000. Long rains were seen to
begin in March, peak in April, and end in May in most of the years. With peaks in 1997
and 2015 and dips in 2008 and 1993, the trend line indicates a positive gradient (1.1293),
indicating an increase in rainfall amounts during the short rains. The short rains began in
September, October, peaked in November, and ended in December, according to the
findings. The first null hypothesis indicated that there was no significant inter- and intra-
seasonal rainfall variability in the Kieni East sub-County between 1988 and 2018. Annual
rainfall was less by 260.47mm from the long-term mean in 2000 to 528mm in 1997,
according to the study's findings, with a standard deviation of 156.38mm and a 20%
correlation of variation. The rainfall was less by133.46mm in 2016 from the long-term

mean to 178.14mm in 2003, with a standard deviation of 84.49mm and a 32% correlation
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of variation. The study discovered that short rains was less by 154.05mm from the long-
term mean in 2008 to 425.25mm in 1997, with a standard deviation of 126.09mm and a
46% correlation of variation. As a result, the null hypothesis was rejected, and the
alternative hypothesis, "there is significant inter- and intra-seasonal rainfall variability in
Kieni East sub-County between 1988 and 2018," was accepted. As a result, the study
concludes that there is significant inter- and intra-seasonal temporal rainfall variability in
Kieni East sub-County for both the short and long rains seasons over the last 30 years,

from 1988 to 2018.

As for the second objective, the study found out that there had been a decline in the
annual maize yields in tons as indicated by a negative gradient (-231.9) in Kieni East
sub-County, with the peak years being 2015 and 2010, and the dips being 2016 and 2012.
During the long rains, maize yields declined along a negative gradient (-69.19), with peak
years in 2015 and 2010 and dips in 2016 and 2012. The short rains resulted in a negative
gradient (-162.71) in maize yields, with peaks in 2015 and 2010 and dips in 2016 and
2012. Both the annual rainfall and maize yield trends were dropping compared to
previous years. Surprisingly, the amount of rainfall and maize yields peaked in the same
years, 2010 and 2015, and also during the short rains. This is true evidence that seasonal
rainfall variability has an effect on maize yields by smallholder farmers in the Kieni East
sub-County. ‘There is no significant link between seasonal temporal rainfall variability
and smallholder farmers' maize yields in Kieni East sub-County between 2009 and 2018,
according to the second hypothesis. The maize yield was shown to be correlated with
rainfall quantity: r (10) = p-value = 0.004 with rainfall amount during annual rains, r (10)
= 0.634, p-value = 0.009 with rainfall amount during long rains, and r (10) = 0.918, p-
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value = 0.000 with rainfall amount during short rains. The researcher rejected the null
hypothesis and accepted the alternative hypothesis that ‘There is no significant
relationship between seasonal temporal rainfall variability and smallholder farmers'
maize yields and accepted the alternative hypothesis that ‘There is a significant
relationship between seasonal temporal rainfall variability and smallholder farmers'

maize yields between the years 2010 and 2018.

In Kieni East sub-County, Nyeri County, the third objective focused on smallholder
farmers' adaptive strategies in response to seasonal rainfall variability on maize yields.
Farmers employ a variety of methods according to the research, including obtaining
improved seed kinds, seeking training on effective maize farming, harvesting water, and
applying manure and fertilizers. The agro-vets provided the majority of the fertilizers,
while on-farm livestock waste provided the manure. Farmers have been found to respond
to rainfall variability by planting early maturing, drought-tolerant maize varieties, as well
as engaging in alternative farming and economic activities. However, extension services

and meteorological data were insufficient.

5.3 Conclusions
Between 1988 and 2018, the study's main goal was to examine the effects of seasonal
rainfall variability on maize yields and smallholder farmers' adaptation techniques in

Kenya's Kieni East sub-County, Nyeri County.

Annual rainfall amounts had dropped throughout the previous period, with an average
annual rainfall of 780.07mm, a standard deviation of 158.97mm, and annual rainfall
variability ranging from -260.47mm in the year 2000 to 528mm in 1997, according to the

99



study. During the long rains, the study's findings demonstrated a drop in rainfall amounts.
From 1988 to 2018, the average rainfall amount during the long rains was 260.86mm,
with a standard deviation of 85.89mm. With fluctuations ranging from -133.46mm in
2016 to 178.14mm in 2003, the trend line suggested a decline in rainfall. The study's
findings revealed that rainfall amount increased during the short rains, with an average of
261.68mm and a standard deviation of 102.26mm. The variability of the short rains was
observed to range from -154.05mm in 2008 to 452.25mm in 1997, indicating that there

was random variability during the short rains, according to the study.

The correlation study found a substantial, positive, and strong link between annual
rainfall and maize yield (r=0.821, p=0.004). The correlation study also demonstrated a
substantial, positive, and strong association (r=0.634, p=0.009) between long rains and
maize yields, as well as a substantial, positive, and strong link (r=0.918, p=0.000)
between short rains and maize yields. Furthermore, the findings of the study indicate that
there has been a shift in the timing of rainfall commencement and cessation. The long
rainy season began in March and lasted until April. The month of cessation ranged from
May to July. For the short rains, the onset month fluctuated from September to October,

while the cessation month fluctuated from December to February.

For objective (iii), rainfall variability, insufficient water harvesting strategies, decline in
farm sizes for maize farming due to population increase, inadequate weather data,
inadequate maize farming training, insufficient capital for buying farm inputs, pests and
diseases were among the problems faced by smallholder maize farmers in Kieni East sub-
County. The study also discovered that smallholder maize farmers in the research area

have particular seasonal rainfall variability adapting techniques. These include, but are
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not limited to, using a range of maize seeds, water harvesting, soil conservation and
management strategies, and seeking maize farming training from a variety of sources.
However, as maize yields have not increased, the adaptive measures used do not appear
to be effective. As a result, the findings of this study highlight the need of using
consistent and long-term adaptive approaches for rain-fed maize farming in Kenya's

Nyeri County.

5.4 Recommendations
The following recommendations are offered to maize farmers, stakeholders,

policymakers, and researchers in Kieni East sub-County based on the study's findings.

The study recommends that the Kenya Meteorological Department (Nyeri) engage with
agricultural extension officers to offer farmers with early and credible forecasts on the
commencement and cessation of seasonal rains in order to boost maize yields in the
research area. Farmers should plant prior to or at the start of the MAM season, since
failure to do so may result in a large quantity of rainfall being missed, affecting maize
output. Farmers should capitalize on maize cultivation during the OND season because
rainfall begins in September and lasts until February, making it the primary crop growing
season. The MAM season can then be used to plant short-cycle maize varieties to boost
annual yields, as well as other crops with short growing cycles, such as beans, to protect

them from the effects of rainfall variability.

Policymakers and other stakeholders could use the research findings to establish policies

that focus on rainfall variability and its effect on smallholder maize farming in order to
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improve maize yields, based on the association between annual and seasonal rainfall and

maize yields in the study area.

Farmers must be taught on soil conservation and management practices to prevent soil
nutrient loss during periods of substantial seasonal rainfall especially during the short
rains season, as well as more effective and long-lasting water collection technologies for

usage for the dry season during both the MAM and OND seasons.

5.4.1 Recommendation for Further Study

More research is needed to determine the most effective and long-term adaptive
techniques for lowering smallholder maize farmers' sensitivity to rainfall variability and

improving maize yields in the study area.

More research is needed to evaluate the effects of additional climatic characteristics on
maize farming in the study area, such as temperature, warmth, light, and air, as well as

non-climatic elements.
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APPENDICES

Appendix I: Study questionnaire for households

My name is Lilly Njeri Kabata, a student from Kenyatta University. | am carrying out a
study on seasonal rainfall variability effects on maize yields on small holder farmers and
their adaptive strategies in Kieni East Sub-County. The information you provide shall
solely be used for academic purposes and will be treated with total confidentiality.

Please fill in the blank spaces or tick in the relevant box. Your honesty and cooperation
will be highly appreciated.

Section 1: respondent profile

Respondent name

Gender: Male (............. ) Female (........... )
Age group below 20 years (...... ) 21 to 40 years (......... ) 41 to 60 years (......... )
over61(......... )
Place of residence
Highest level of education attained: informal education (coen... )
Primary level (connen. )
Secondary level (coen... )

Post-secondary level (....... )
Section 2: land use and wealth status.
What is your household/ family size? (......... )
a. What is the total farm size in acres? 0-2 acres (....) 3-5 acres (.....) over 5 acres (.....)
b. What is your land ownership type: family land (.....)
Leased (..... )
Bought  (...... )
Apart from farming, what other income generating activities are you engaged in?
Off-farm formal employment (...... )
Business (.....)
Casual labor (.....)
Section 3: Rainfall variability influence on maize farming
a. Have you been practicing maize farming in your farm in the last 5 years? Yes (....)
No (....)
b. If YES, fill in the table below;
To what extent do you agree or disagree with the following statements concerning the
effects of seasonal rainfall variability on maize yields in Kieni East sub-county , Nyeri
county using a scale of 1-5;where
1=strongly disagree 2 = Disagree 3=Unsure 4=Agree 5=strongly agree

Statement 1123|145

a. Maize yields have decreased between 1989 and 2019

b. There has been a variation of rainfall in amount, onset and
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cessation for both the short and the long rains seasons.

c. The local weather stations have been providing weather data to

the smallholder maize farmers

d. Rainfall variability in my view has influenced maize yields for

both the short and the long rains seasons

e. In my opinion other factors and not rainfall variability have

influenced maize yields annually

c. If NO, give two main activities in your farm,
10. What have you noted on the rainfall pattern in your area in the last 5 years?
Heavy rainfall (...... )
Light rainfall (....... )
Unevenly distributed rainfall (....... )
Evenly distributed rainfall (....... )
Timely onset of rainfall (....... )
Delayed onset of rainfall (....... )
Early subsiding rainfall (....... )
Any other- specify (......... )
Section 4: Adaptive strategies by farmers

11. What is the source of your maize seed? Local seed (.....)Agro-vet (...... )

12. What factors do you consider in choosing the maize variety to plant?
High yielding (.....)
Early maturing (.....)
Disease resistant (.....)
Drought resistant (.....)

13. a) Have you been using manure / fertilizer in your maize farming?
YES(....)NO.(....)

b) What is the source of manure in your farm?
On-farm livestock waste (.....)
Compost manure (.....)
Off-farm buying (.....)
¢) What is the source of fertilizer for your maize farming?

Agro-vet (.....)
Government subsidized fertilizer (.....)
Donation (.....)

14. a) Please indicate the water harvesting structures/ measures found on your farm
Terraces (.....)
Water pan (.....)
Water well (.....)
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Grass strips (.....)

Water tanks (.....)

Others-specify
b) Which of the above water harvesting measures support maize farming in your
farm?

c¢) How do you rate the water harvesting measure in (b) above for maize crop farming?
Sufficient (.....)
Insufficient (.....)
15. a) Have you received any training on maize farming? YES (.....) NO. (.....)
b) If YES, what was the source of training?
Friends (.....)
Government extension officers (.....)
Private Service providers (.....)
Media(.....)
Others-specify
16. Do you require additional training on maize farming? Yes (.....)or NO (.....)
17. What challenges have you faced in maize farming?
Pests (.....)
Diseases (.....)
Inadequate rainfall (.....)
Lack of capital (.....)
Others specify
18. Which of these climate hazards affects farmers frequently in your locality?
Frost (.....)
Drought (.....)
Floods (.....)
19. How has the county government assisted farmers in the face of the above hazard?
Supplying every maturing seeds to farmers (.....)
Sinking bore-holes (.....)
Digging dams (.....)
Other-specify
20. What has been the response of the farmers to the hazards in (18), above?
Engage in alternative farming activities (.....)
Planting drought resistant seeds (.....)
Planting early maturing varieties (.....)
Engaging in other economic activities like trading (.....)
Others- specify
21. Give your suggestions for the improvement of maize yield in your area
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Appendix I1: Study questionnaire for MoA personnel and the extension officers

My name is Lilly Njeri Kabata, a student at Kenyatta University. | am carrying out a
research on seasonal rainfall variability effects on maize yields by smallholder maize
farmers in Kieni East Sub-County and their adaptive strategies. The information you
provide shall solely be used for academic purposes and will be treated with total
confidentiality.

Please fill in the blank spaces or tick in the relevant box. Your honesty will be highly
appreciated.

Section 1: Respondent’s Profile

1.
2.
3.

4.
5

6.

Respondent NAME. .......o.oiriiii e

Gender Male (.....) Female(.....)

Age group below 20 years (.....) 21-40 years (.....) 41-60 years (.....) over
60(.....)

Place of residence.............cooovvvviiiiinininnnnn.

Highest level of education attained: Informal education (connen. )

Primary level (coen... )
Secondary level (coneenn )
Post-secondary level (....... )

What is your duty specification? .........................

Section 2: Rainfall Variability Influence on Maize farming

7.

Please indicate the average maize yield per 1 acre obtained by farmers in your
working area for the last 5 years

Season

Maize variety planted
yield obtained (90kg bag)

2018(SR)

2018(LR)

2017(SR)

2017(LR)

2016(SR)

2016(LR)

2015(SR)

2015(LR)

2014(SR)

2014(LR)

8. What have you noted on the rainfall pattern in your area for the last 5 years?
9. Which climatic hazards affect farmers frequently in your area?
10. How has the county government assisted farmers in the face of the hazard above?
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Section 3: Adaptive strategies by Farmers.
11. How has the county government assisted farmers in the face of the above hazard?
12. Give an average % of farmers who use the following in your area,
a. Manureonly (.....)
b. Fertilizer only (.....)
c. Both manure and fertilizer (.....)
d. Nothing(.....)
13. a) What is the main source of manure for maize farming?

b) What is the main source of fertilizer for maize farming?
14. a) Please indicate the water harvesting structures/ measures found on the farms in

your area,
b) Which of the above water harvesting measures support maize farming in your area?

c) How do you rate the water harvesting measures in (b) above for maize crop
production?
Sufficient (.....)
Insufficient (.....)
15. What is the main source of farmers training on maize farming in your area?
16. Do the farmers in your area require additional training on maize farming?
17. What challenges do farmers in your area face in maize farming?
18. Give your suggestions for the improvement of maize yield in your area
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Appendix I11: Research questionnaire for the personnel (KMD), Nyeri County

My name is Lilly Njeri Kabata, a student at Kenyatta University. | am carrying out a
research on seasonal rainfall variability effects on maize yields on small holder farmers
and their adaptive strategies in Kieni East Sub-County. The information you provide shall
solely be used for academic purposes and will be treated with total confidentiality.

Please fill in the blank or tick in the relevant box. Your honesty and cooperation will be
highly appreciated.

Section 1: respondent profile

1. Respondent name

2. Gender Male (............. ) Female (........... )

3. Age group below 20 years (...... )20 to 40 years (......... ) Above 40 (......... )

4. Place of residence

5. Highest level of education attained: informal education  (....... )
Primary level (connen. )
Secondary level (coen... )

Post-secondary level (....... )
Section 2: Rainfall Variability
6. Are you aware of temporal seasonal rainfall variability in Nyeri County?

b) If yes, what are the manifestations of seasonal rainfall variability in the county?

©

How frequently have you observed these manifestations?

9. Is the weather station responsible for providing weather related information such as
extreme climatic conditions like erratic rainfall, pro-longed drought and floods to
small holder maize farmers in the county?

10. Are the small holders maize farmers in the county aware of the weather station and
the role it plays in the county?

11. In your view, are the small holder maize farmers therefore informed of any projected
extreme climatic condition?

12. Give your views on how the dissemination of information from the weather stations

in the county can assist the small holder farmers in improving maize production.
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Appendix 1V: Local Administration Interview Schedule

My name is Lilly Njeri Kabata, a student at Kenyatta University. | am carrying out a
research on seasonal rainfall variability effects in maize yields and the adaptive strategies
by smallholder maize farmers in Kieni East Sub-county. The information you provide
shall solely be used for academic purposes and will be treated with confidentiality.

Please fill in the blank spaces or tick in the relevant box. Your honesty and cooperation
will be highly appreciated.

1) What IS YOUI NAME?......ccveiieiieee e

2) What is the name of your 10Cation?...........ccocooeiiieninininiinieeee,
3) What IS your 0CCUPAtiON?.........cceiveeiuiiieieeie e

4) How long have you served in the current job?...............

5) What data records from the list below does your office keep?

a) Climate yes( ) no ( )
b) Crop harvest yes( ) no ( )
c) Population yes ( ) no( )

6) In your opinion from the data collected above, how has the trend been over the last 30
years?

7) In your view, how has the rainfall trends influenced maize yields for the last 30 years
in Kieni East sub-county?

8) What measures have you put forth to adapt to seasonal rainfall variability if any in
your area?

9) In your view are there any constraints to the adaptive strategies if any?

10) Are there any institutions assisting smallholder maize farmers in educating them
about rainfall variability?
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Appendix V: Loruku farm Monthly rainfall (mm)

Mon | Jan Feb | Mar | Apr May Jun Jul Aug | Sep Oct Nov Dec ANNUA
L
YRS R/FALL
2018 | O 115 | 2055 | 82.3 140 915 56.5 30 20.5 68 108 30.5 844.3
2017 | 25 105 | 5 67 147 9 29 94 91 131.5 | 140 20.5 747
2016 | 67 5 14 22.9 90.5 26 635 | 64 49 44 121 18 584.9
2015 | O 0.5 101 140.5 945 69.5 | 41 32 105 1155 | 285.5 130.5 102.1
2014 |0 10 745 | 104 90.5 38 51 795 | 88 94 100 37 768
2013 | 175 35 84 107 42.5 40 46 91 64 104 55.5 75.5 730.5
2012 | O 2 15 124.5 36 715 130.5 | 65.25 | 51 1035 | 96 30.5 709.25
2011 | 4 0 225 70.5 925 47 385 105 435 118.5 | 165 80 787
2010 | 3.7 16 64.5 | 109 57 26 285 | 985 |85 1155 | 180.5 | 385 856
2009 | 26.5 7.5 125 127 81.25 11.75 | 85 67 29.5 102.5 | 1515 147 772.5
2008 | 64.25 | 9 73.25 | 128 45 285 | 69 48 745 90.25 | 36.75 | 32.25 | 698.75
2007 | 46.5 15 16.5 114.5 138.75 | 62 56.25 | 85 69.5 84.75 | 255 35.75 750
2006 | 155 7.5 915 171.25 105.75 | 215 | 45 134 495 92 163.25 | 203.5 750.5
2005 | 288 | 123 |28 134 130.25 | 33.25 | 85 68,5 | 2925 | 65.75 | 4525 | 36.25 | 771.65
2004 | 643 | 538 | 475 | 126.3 90 49 935 | 385 | 195 79 1035 | 245 789.4
2003 | 158 |85 | 805 | 228 1305 |21 32 395 | 7.25 124 94 127.3 | 908.35
2002 | 126 |0 61.8 | 136.5 4775 | 34.25 | 76.75 | 35.25 | 28 66.9 | 61.1 109.6 | 670.5
2001 | 949 |0 2.8 122.7 76.2 134 | 638 | 123.6 | 19.2 56.1 | 85.8 30.5 689
2000 | 21 2.5 11 70.5 48.8 47 725 13 225 1025 | 845 23.8 519.6
1999 | 95 3 108.8 | 51.5 175 4.8 57 60 14 102.3 | 106.5 75.5 607.9
1998 | 140.5 | 80.5 | 935 180 132 39 83 54.3 153 86.3 120.5 39.5 932.5
1997 | 7 0 84.5 239.5 37 43.7 80.5 74 135 290.5 | 3385 99.8 1308.5
1996 | 1.5 0 77 875 91.3 108.3 | 70.5 | 189.5 | 335 405 | 106.5 | 45 781.1
1995 | 0 49 674 | 149 1085 | 305 | 45 38 1035 | 1085 | 1443 | 1225 | 966.2
1994 | 8.5 37 37 63.5 67.5 94 275 38 26 159 190 29.5 771.8
1993 | 155 455 | 8 118 345 32 28 0 145 23 95 26 579.5
1992 | 19.6 47.7 | 318 133.7 32 245 12.5 404 | 38 85.9 128.6 29 623.7
1991 | O 4 92 78.5 315 96.5 | 12 97 46 69.5 | 49 26 582
1990 | 23 29.5 | 139.5 | 152 79.5 0 100.5 | 63.5 96 93 93.5 88 958
1989 | 475 24.4 | 89.0 131.7 92 0 100 27.7 61.8 79.2 73.1 30.9 757.7
1988 | 16 0 59 226.5 20.5 80.5 | 101.6 | 96 1225 | 22 147 53.5 945.1
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Appendix VI: Kieni-east Sub-County maize yields data

YEAR | ACHIEVED AREA (HA) ACHIEVED PRODUCTION (TONS)
LONG RAINS | SHORT RAINS | LONG RAINS | SHORT RAINS

2009 1510 3275 1610.28 1959.30

2010 1907 3250 2059.83 2925.00

2011 3394 3280 549.81 1771.20

2012 2850 2500 513.00 450

2013 2800 3050 1101.60 274.50

2014 2984 3176 1074.24 857.52

2015 2984 3210 2148.48 3713.04

2016 2850 2900 256.50 226.08

2017 2264 2523 815.04 908.01

2018 2800 1800 930.78 251.01
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Appendix VII: NACOSTI permit

REPUBLIC OF KENYA NATIONAL COMMISSION FOR
. \ SCIENCE,TECHNOLOGY & INNOVATION

Ref No: 303399 Date of Issue: 10/October/2019 |

RESEARCH LICENSE

This is to Certify that Ms.. Lilly Kabata of Kenyatta University, has been licensed to conduct research in Nyeri on the topic:
Seasonal Rainfall Variability Effects on Maize Yields and the Adaptive Strategies by Small Holder Farmers in Nyeri County,
Kenya for the period ending : 10/October/2020.

License No: NACOSTI/P/19/1805

303399

Applicant Identification Number Director General
NATIONAL COMMISSION FOR

SCIENCE, TECHNOLOGY &
INNOVATION

Verification QR Code

NOTE: This is a computer generated License. To verify the authenticity of this document,
Scan the QR Code using QR scanner application.
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THE SCIENCE, TECHNOLOGY AND INNOVATION ACT, 2013

The Grant of Research Licenses is Guided by the Science, Technology and Innovation (R h Li ing) Regulati 2014

CONDITIONS

WIN -

@ NS

. The License is valid for the proposed research, location and specified period
. The License any rights thereunder are non-transferable
. The Licensee shall inform the relevant County Director of Ed ion, County Commissi and County Governor before

commencement of the research
Excavation, filming and collection of speci are subject to further necessary clearence from relevant Government Agencies
The License does not give authority to tranfer research mmnala

NACOSTI may monitor and evaluate the ki

. The Licensee shall submit one hard copy and upload a soft copy of their final report (thesis) within one of compleuon of the research

NACOSTI reserves the right to modify the conditions of the License including cancellation without prior notice

National C ission for Sci Technology and Innovation
off Waiyaki Way, Upper Kabete,
P. O. Box 30623, 00100 Nairobi, KENYA
Land line: 020 4007000, 020 2241349, 020 3310571, 020 8001077
Mobile: 0713 788 787 / 0735 404 245
E-mail: dg@nacosti.go.ke / registry@nacosti.go.ke
Website: www.nacosti.go.ke
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AppendixVI11: Nyeri County Agricultural Office Permit
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Appendix IX: Nyeri County Commissioner’s office Permit

THE PRESIDENCY

MINISTRY OF INTERIOR AND CO-ORDINATION OF NATIONAL GOVERNMENT
E-mail: nyericountycommissioner@yahoo.com NYERI COUNTY COMMISSIONER
Telephone: 061 2030619/20 P.0. BOX 33-10100
Fax: 061 2032089 NYERI
When replying please quote
Ref. No. NYC/ADM 1/57.VOL.VII/ (80) Date: 16th October, 2019
Lilly Njeri Kabata
P.0BOX4-10101
KARATINA
RE: RESEARCH AUTHORIZATION

Reference is made to your letter dated 15th Qctober, 2019 on the above subject.

Approval is hereby granted to carry out research on “Seasonal Rainfall Variability Effects
on Maize Yields and the Adaptive Strategies by Smallholder Farmers in Nyeri County,
Kenya.” .

The period of study ends on 10t October, 2020

~

K"

For: County Commissioner

NYERI COUNTY
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